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PREFACE 

The primary purpose of this “survey” is to give the 
results of observations of upper winds in such a way as 
to provide means for quickly and conveniently determin- 
ing the influence that those winds will have on regular 
flight schedules along any airways that may be estab- 
lished east of the Rocky Mountains. To this end the data 
are presented in a series of tables and raphs, the former 

latter giving a general picture of the more outstanding 
features. Discussion for the most part is designed merely 
to bring out clearly the facts shown in the tables and 
graphs. 

Aside from their practical usefulness in connection with 
aviation, the data furnish information of great interest 

containing information in considerab 7 e detail and the 

and value, both ractical and theoretical in the study of 

these from time to time in separate papers. 
Only those who have worked with data of this sort can 

appreciate the great amount of pure drudgery involved 
in computing, classifying, and summarizing. Special 
acknowledgment is due Mr. William C. Haines, in charge 
of the pilot balloon section of the Aerological Division, 
who superintended this work, and who in addition offered 
helpful suggestions in connection with the study. Grate- 
ful appreciation is also expressed to Messrs. L. A. Stevens, 
W. P. Long, R. E. Frushour, and N. W. Haas for the 
patience, accuracy, and fidelity with which they carried 
on the tedious work of compiling and reducing the data. 

many other prob I) ems. It is purposed to take up some of 

V 



A N  AEROLOGICAL SURVEY OF T H E  UNITED STATES 

PART 11. RESULTS OF OBSERVATIONS BY MEANS OF PILOT BALLOONS 

By WILLIS RAY GREOQ, Meteorologist 

_____ 

Ellendale, N. Dnk _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~ ___. 
Fort Omaha, Ncbr _ _ _ _ _ _ _ _ _ _ _ _ _  ~ _ _ _ _ _ _ _  
Drcxol, Nebr ____________.______ ~ __..__. 

Mean _ _ _ _ _  ._____________ .________. 

I N T R O D U C T I O N  

Part I of this “survey” containing the “Results of 
observations by means of kites, ” was published in 1922 
as Supplement No. 20; W. B. 768 ( I ) .  Among other 
fealures charts were presented, showing the seasonal 
and annual distribution of the principal meteorological 
elements at various levels up to 4 kilometers for all parts 
of the United States east of the Rocky Mountains. 
Part I1 gives the results of observations with pilot 
balloons and is therefore limited to a discussion of wind 
direction and velocity only. On the other hand data 
are available for greater heights than can be reached 
with kites, and in addition certain conditions of weather 
that are unfavorable for the use of the latter, e. g., calms 

light winds, are represented in a summary of 

impossible to secure free-air data west of the Great 
Plains States, except at  Denver and San Francisco and 
a t  a few additional places along the Pacific coast. These 
stations are too widely scattered for the purposes of this 
summary, viz., to give a general picture of free-air 
conditions over wide areas, and are therefore not included. 
Later it is hoped to cover this western region and in the 
meantime individual summaries for Denver and San 
Francisco will probably be given. 

Part 11, like its predecessor, is largely statistical in 
character and is designed, so far as this can be done at  
present, to meet the needs of aviation for information 
regarding flying .conditions in different parts of the 
country. In addition it is believed that the facts pre- 
sented will contribute materially to our general lrnowledge 
of the characteristics of the free atmosphere. 

pilot and “”‘9 baloon data. Unfortunately it has thus far been 

--- 
0 1  0 1  m* 

U .  S. W. B--  45 69 98 34 444 
U .  8.  A... . . .  41 15 95 55 350 
U. S. W. 13-. 41 33 96 27 396 

397 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _  ~ __.._ _ _ _ _ _ _ _ _ _ _  

THE DATA-SOURCES AND GEOGRAPHIC CLASSIFICATlON 

During the World War numerous pilot-balloon stations 
were established by the Weather Bureau and by the 
newly organized meteorological services in the War and 
Navy Departments. Some of these stations were 
abandoned shortly after the close of the war, though 
many have been continued and several new ones have 
been added. Owing to. tho shortness of some of the 
records and more particularly, in order to avoid an 
unwieldy multiplicity of tables and illustrations, it has 
seemed advisable to conpder the data in classes *or 
groups, each group includ~ng a region all parts of which 
are similar with respect to topography and general 
meteorological conditions. Figure 1 shows the areas 
included in these groups, and Table 1 gives the names 
of the observing stat~ons, together with their locations 
and altitudes above sea level. 

McCook Ficld, Ohio ________._______ _ _ _ _  
Park Field, Tenn _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _  _ _ _ _  _ _ _  
Royal Center, Ind _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
West Point, Ky -........-. _ _ _ _ _ _ _ _ _ _ _ _  ~ 

Wilbur Wright Field, Ohio _ _ _ _ _ _ _ _ _ _ _ _ _  
Moan _ _ _ _ _ _ _ _  __.____ ~ _ _ _ _ _ _ _ _ _ _ _ _ _  

- 

‘rABLE l.-Pilot-balloon stations in each group, service under 
which each operated, and their geographical coordinates 

QROUP 1 

U. S. A _ _ _ _  _ _  39 47 84 12 220 
U .  9. A _ _ _ _ _ _  35 34 89 62 83 
U. S. W. B-- 40 63 86 29 225 
U. 9. A....-. 37 50 86 00 232 
U. S.  A _ _ _ _ _ _  ‘39 49 84 02 254 

204 _ _ _ _  _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _  _ _  ____. - _ _  

Station 

Fort Brag& N. C _ _ _ _ _ _ _  _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _  U. S. A _ _ _ _ _ _  35 09 78 55 

Duo WosC, 6. U.... -_-___._ ~ _ _ _ _ _ _ _ _ _ _ _ _  U .  S. W. B-- 34 21 82 22 
liampton Iloads, Va .... .___________ _ _ _ _  U. 8. N. _ _ _ _ _  36 67 76 18 
Fort Monroe,Vn - - _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  U .  9. A _ _ _ _ _ _  37 00 70 20 
Langley Ple1d;Va _ _ _ _ _ _  ~ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  U. 9. A.- . . . .  37 04 76 22 
Leo IIall Va.. ________._____ ~ _ _ _ _ _ _ _ _ _ _ _  U. 9. A _ _ _ _ _ _  37 10 7G 30 

SO 40 

Camp Jackson, S .  C _ - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  U. 9. A _ _ _ _ _ _  34 M) 80 58 

Parris Iskind, S. C _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _  I U. 9. N _ _ _ _ _ _  33 20 

Moan _ _ _ _  - - - _ _  - _ _  _ _  - ~ _ _  _ _  _ _ _ _ _ _  _ _ _ _  - ~ _ _ _  _ _  . - ~  _ _ _ _ _  _ _ _ _ _ _ _  - - - 

Latitude 28 Altitude 1 Serricc 1 N. I w. IM. S.L. 

. 101 
83 

217 
13 
15 
17 
14 
5 

58 

QROUP 2 

Burlington, Vt _ _ _ _ _ _  _ _  _ _ _ _  ~ _ _ _ _  ~ _ _ _ _ _ _ _  132 
201 Ithncn, N. Y.... __________._____ ~ _ _ _ _ _ _ _  

Limsing, Mich _ _ _ _  _ _ _ _ _  ~ _ _ _ _ _ _  _ _ _  ___.__ - 
Mttdison, Wis._. _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _  ___.___ 

Aberdeoii P. G.,  Afd .__.__.____._.._.___ U: S. 
Cnml) Alfrcd Vail, N .  J __._ ~ _ _ _ _  ~ _ _ _ _ _ _ _  IJ. 8. 
Ca AIny N. J .._._..__.__.____.__.--- U. s. 
d L g  Fidld, D. c...-. _ _ _ _ _ _  _ _ _ _  _.____ U. S. 
Edgewood hrscnd, Md _ _ _ _ _ _ _ _  _ _ _  _ _ _ _ _  - u. 9. 
Dahlgrcn, Va _ _ _ _ _  ~ _ _ _ _  ~ _ _ _ _ _ _ _ - _ - - - - - - -  U. S. 
Fort Hancock, N. J _ _ _ _  _ _ _  _ _ _ _ _ _ _ _ _ _ _  _ _ _  u. 8. 
Lnkehurst. N .  J - ~ _ _ _ _ _  ~ _ _ _ _ _ _ _  ~ .__.___ ~. U. s. u.  Y. u. 8. u. b. u. s. u. s. u. 8. 

39 30 76 10 
40 20 74 03 
38 55 74 65 

dD 30 78 10 
38 20 77 02 
40 28 74 00 
40 05 74 18 
40 02 74 20 
40 45 73 38 
40 45 73 40 
40 33 73 54 
40 27 
38 53 24 47 W 03 

38 54 77 03 

R 
7 
5 
1 

18 
8 
2 

32 
30 
32 
20 
0 
5 

34 
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Fort Benn i2 ,  Qa _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Camp Qree enf, Qa . . . . . . . . . . . . . . . . . . . .  
Leesburg, Qa _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Montgomery, Ala _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Payne Field, Miss _ _ _ _ _ _ _ _ _ _ _  ~ _ _ _ _ _ _ _ _ _ _  

Mean _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

TABLE 1.-Pilot-balloon stations in  each group, service under 
which each operated, and their geographical coordinates-Continued 

QROUP 6 

m. 0 1  0 ,  

U. S. A _ _ _ _ _ _  32 22 84 57 104 
U. S. A _ _ _ _ _  ~ 35 04 85 14 260 
U. S. W. B- -  31 47 84 14 85 
U. 6 .  A _ _ _ _ _  ~ 32 21 88 23 49 
U. S. A _ _ _ _ _ _  33 40 88 32 82 

116 _ _ _ _ _ _ _  ~ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _  

Station 

Broken Arrow, Okla . . . . . . . . . . . . . . . . . . . .  U. S. W. B- -  
Fort Sill Okla _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  U. S. A _ _ _ _ _ _  
JeffersodBarracks, Mo _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  U. S. A _ _ _ _ _ _  
orove Field, Tex .______________________ U. S. A _ _ _ _ _ _  

Mean _ _ _ _  _ _  - _ _ _ _ _ _ _  - _ _  _ _  - _ _  - _ _ _  _ _  - _ _ _  - _ _  _ _  ~ - - - _ _  

Latitude Ez- Altitude I Service 1 N. I w. 1M.S.L. 

3G 02 95 49 233 
34 40 98 20 108 
38 29 90 19 151 
32 51 9G 48 142 

_ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _ _ _ _  - 158 

QROUP 7 

I I 1 I 

Juytona, Fla _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~ 7 
Cey West, Fla _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  11 

Pensacola, Fla _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

QROUP 9 

College Station, Tex ....-. - _ _  _ _ _ _  _ _ _  _ _  _ _  
Ellington Field, Tex ... ._. _ _  _ _  _ _ _ _  _ _ _ _ _ _  
Gerstner Field, La. _.________ _ _ _  ____._ _ _  
Groesbeck, Tex _ _ _ _  _ _  - - - _ _ _ _  _ _ _  _ _  - _ _  _ _ _  - 
Kelly Field, Tex _ _ _ _  . . . . . . . . . . . . . . . . . . . .  
Park Place, Tex- - -  --- - -- - _---- ------ --- 

U. 
U. 
U. 
U. 
U. 
U .  

S . A  _ _ _ _ _ _  
S.A _ _ _ _ _ _  
S.A _ _ _ _ _ _  
9. W. B-- 
S.A _ _ _ _ _ _  
S.A _ _ _ _ _ _  

30 
29 
30 
31 
29 
29 

40 
3G 
07 
30 
25 
46 

90 20 
95 10 
93 06 
96 28 
98 31 
95 24 

105 
20 
5 

141 
211 

10 

NoTE.-U. 5. W. B. refers to  U. S. Weather Bureau; U. S .  A,, to Meteorological 
Service of the U. 9. War Depart~nent; and U. 6. N., to Moteorologioal Service of the 
U. 8. Navv Department. 

N U M B E R  A N D  D I S T R I B U T I O N  OF O B S E R V A T I O N S  

As indicated in Table 2, the grouping together of 
observations 'makes available a sufficient number in 
each season and in each group for an accurate and quite 
complete study of the data at  all flying levels, i. e., from 

FIQ. I.-Identification chart: Arens included in groups into which the data have 
bcen divided 

the surface up to 5 or 6 kilometers. Even at  8 and 10 
kilometers the seasons in most cases are represented 
by 10 or more obervations. Considering all groups we 
have for discussion more than 30,000 individual obser- 
vations in the lower levels, diminishing to about 19,OQQ 
a t  2 kilometers and nearly 5,000 at  5 kilometers. 

TABLE 2,-Nuniber of observations made at various levels 

GROUP 1 

Altitude, meters I 
I Surface 1 260 , 500 I 760 I I,MM I 1,500 

~~ 

I 
?30 278 I 171 99 

364 J8" 248 238 ' 170 154 . 106 76 
397 226 130 81 

1, 582 990 625 362 
_______--__ 

65 20 11 
74 12 

M 40 I H I  4 7 

QROUP 2 

QROUP 3 
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Spring _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Summer _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Autumn _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Winter _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

Annual _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

TABLE 2.-Number of observations made at various levels-Continued 

Altitude, meters 

Surface 250 500 750 1,000 1,500 2,000 3,000 4,00(1 6,000 6,000 8,000 10,000 -------______---- 
1,495 1,495 1,495 1,457 1,396 1,220 1,011 631 417 251 151 57 20 
1,182 1,181 1,180 1,133 1,086 955 801 492 291 162 107 33 14 

1,119 970 689 430 235 140 38 10 1,408 1,406 1,408 1,346 
92 52 13 4 1,579 1,576 1,578 1,522 1,107 910 487 238 

-pp___p___-______---- 

5,664 6,658 5,659 6,458 5,221 4,461 3,098 2,279 1,376 740 450 141 54 

Spring _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  1,525 1,525 1,625 1,384 1,288 1,085 851 529 337 183 39 :: 1 31 Summer _ _ _ _  ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  888 868 868 787 758 050 553 

732 405 192 82 43 8 

357 245 136 
15 
13 
10 
3 

RELIABILITY OF THE DATA 

So much has been written establishing the general 
accuracy of pilot balloon observations and the extent to 
which conclusions based upon them are trustworthy as 
indices of the average state of the atmosphere, so far as 
air movement is concerned,. that only a brief summary 
will be given here. The chief factors to be considered 
are: (1) Equipment and methods of observation; (2) 
seasonal and diurnal distribution ?f the observations; 
and (3) distribution of the observations with respect to 
weather conditions, 

1. Equipment and methods of observation.-Inasmuch 
as the observations are made by three different organi- 

Autumn. ________________: _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  925 925 925 879 841 719 588 
Winter _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  1,345 1,345 1,345 1,231 1,154 943 

AnnusI______________________________ 4,663 4,643 4,863 4,281 4,041 3,383 2,724 
-----___-___--- 

zations,. vie., the Weather Bureau and the meteorologi- 
cal services of the War and Navy Departments, it  was 
recognized from the beginning that, so far as possible, 
standard equipment and uniform practice should be 
adopted. To this end the same general instructions for 
carrying on the work, with some minor exceptions as to 
unimportant details, have been followed by all three 
services (2),’ and the same specifications have governed 
the purchase of theodolites and balloons. In d l  cases 
hydrogen h?s been produced by the electrolytic method 
with a purity of 99+ per cent. The origind records 

These instruetlons were prepared during the World War’ they were subsequently 
revised and expanded, and published under the title, “In~tructions for Aerologicnl 
Observers,’’ W. B. 740. 1~21. 

392 j 262 133 89 24 

1,083 1 1,030 41 

- 
Spring _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Summer _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Autumn _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Winter _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

Annual _______________.______________ 

370 294 228 105 GO 29 1 
50 39 33 6 

429 

49 
57 

258 
219 

- 
752 037 407 207 104 102 39 

277 180 145 8G 
M 4  554 486 334 233 107 122 52 

289 159 94 30 

Spring __._.___..__.__..____________________ 989 989 989 940 871 Summer ________.__________________________ 701 701 701 680 601 011 530 305 
Autumn _....___..__.______________________ 
Winter .... ._______________________________ 908 008 850 809 741 025 445 

710 710 710 605 

------------- 
Annual .__...______.._.______________ 3,308 3,308 3,308 3,141 2,985 2,668 2,281 1,551 1,OGG 070 403 213 

21 

15 

102 

2 

447 311 197 111 
149 101 

Spring ___________-  - ._______________________ 1,090 1,080 1,080 984 eoQ 700 023 
576 491 356 258 

767 716 608 605 372 275 158 102 
Summer _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  762 762 762 7G9 664 
Autumn _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  809 808 809 
Winter ... _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  1,014 1,014 1,014 937 876 757 051 488 336 182 . 95 

Annual _________-____________________ 3,676 3,675 3,675 3,397 3,165 2,701 2,270 1,643 1,180 888 409 
------___-------- 

60 24 
60 29 
31 7 
18 5 

149 05 

Spring .___________________--- _---_ - - -______ 8,971 8,967 8,969 8,389 7,857 6,640 8,455 3,581 
Summer _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - -  ---------- - - -__  0,520 0,298 8,300 4010 5,785 5,120 9,326 2,931 
Autumn _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - -  --------- - - - -__ 0,7883 6,791 6,780 6,417 6,111 5,226 4,443 3,123 
Winter _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - -  --------------- 8,158 8,151 8,153 7,619 7,016 5,846 1,809 3,019 ----______-------- 

Annual _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - -  --- - -____  30,248 30,207 30,212 28,341 26,709 22,838 10,033 12,654 

354 142 
433 ‘204 

875 319 130 
518 156 53 

2,349 1,425 S07 
2,034 1,W2 914 
2,189 1,308 
1,824 929 

8,390 4,944 3,174 1,202 585 
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have been sent in to the central office of the Weather 
Bureau for final reduction and study. Thus, the neces- 
sity of coordinating data obtained by different methods, 
with its attendant probability of more or less serious 
errors, has been avoided. 

Many of the observations were made with two the- 
odolites and from them was developed an empirical for- 
mula iving the relation between the rate of ascent of 
the ba 5 loon and its buoyancy or free lift, as follows: 

in which V is the rate of ascent in meters per minute, 
1, the free lift or ascensional force in grams, and L, the 
free lift plus the weight of the balloon. 

This formula was used until 1921 when a revision was 
made as the result of further study based upon additional 
data, the revision consisting of a change in the constant 
from 71 to 72 and the introduction of small additive 
corrections during the first five minutes of ascent (3).  
The change in the constant involved a correction of only 
about 1 per cent, hardly worth considering, but the in- 
troduction of additive corrections during the first five 
minutcs resulted in an appreciable difference in the accu- 
racy of data from observations made before 1921 and 
those after that time, particularly in the lower levels. 
The earlier data used in this summary have therefore 
been corrected to conform with the present method of 
reduction, the corrections diminishing from 19 per cent 
a t  250 meters to 10 per cent at 1,000, 2 per cent at  6,000, 
and 1 per cent at 10,000. 

That the method of reduction now in use, vie, the 
revised formula rtnd the additive corrections applied in 
the lowest levels, is dependable has been shown by Haines 
(4) in an analysis of numerous double-theodolite observa- 
tions obtained since the revision was made, qarticularly 
a t  all altitudes with which we are here principally con- 
cerned, i. e., up to 6,000 meters. I t  was found that the 
average rate of ascent at these altitudes was for the most 
part within 0.5 to 2 per cent of the assumed rate. At 
greater heights there was a gradual increase in the rate 
of ascent, although data above 10,000 meters were too 
few to yield concjusive results on this point. We may 
therefore accept the average values as correct within 1 
to 2 per cent. 

2. Seasonal and diurnal distribution of the observations.- 
As indicated in Table 2, there is considerable variation 
in the number of observations for each season, particu- 
larly in groups 3 and 5 ,  althou h each season is in all 
cases sufficiently represented. $his inequality has been 
eliminated, for the annual values, by considering each 
season as a unit, i. e., the annual means have been com- 
puted from the seasonal means and not from the indi- 
vidual observations. Thus each season has been given 
the same weight. As regards the seasons, the observa- 
tions are in general quite evenly distributed among the 
months composing them. 

The diurnal distribution is less satisfactory than the 
seasonal, there being only two observations daily-in 
the early morning and the midafternoon. Fortunately, 
however, these hours, 6 to 8 a. m. and 2 to 4 p. m., are 
on the average a proximately those of least and greatest 

respectively at the surface. As 
will be shown later, there is near the surface a reversal 
of phase, with increased amplitude, but apparently the 
extremes a t  these levels, although in opposite phase, still 
occur at  or very close to the hours of observation. Thus 

diurnal wind veocity P 

it appears that average values based upon these two ob- 
servations represent quite closely actual average condi- 
tions such as would be shown if data were avadable for 
all hours of the day and night. 

3. Distribution of the observations with respect to 
weather conditions.-Undoubtedly the most serious criti- 
cism that can be leveled against the pilot balloon as a 
means of upper-air exploration is that it is a “fair- 
weather” method and that only. Rain, snow, and fog, 
unless they be exceedingly light, are ruled out. Even 
low clouds limit observations to the strata below them. 
The matter is not as serious as at  first appears, however. 
Not infrequently clouds are in more or less distinct masses, 
e. g., the cumulus and strato-cumulus types, between 
which the balloons are sent up, and in some cases the bal- 
loons are picked up after having been obscured by passing 
clouds. So far as rain, snow, and fog are concerned, it is 
true that balloons can not be seen in them, but it is also 
true that observations are frequently made shortly pre- 
ceding or following their occurrence, the interval being too 
brief in man instances for any appreciable change to 

Kites are less subject to these limitations than are bal- 
loons, but on the other hand they can not be used in 
calms or very light winds. A comparison of results ob- 
tained by the two methods (6) shows that in the lower 
levels within well-developed anticyclones average wind 
velocities from kite records are slightly higher than are 
those from observations with balloons, owing to the fre- 
quency of very light winds. There appears to be no 
characteristic difference in the averages from the two 
methods in the lower levels within well-developed cy- 
clones. In the upper levels of both anticyclones and 
cyclones averages from balloons are sli htly higher than 

unable to surmount a stratum of comparatively quiet 
air above which strong winds, sometimes with a marked 
change in direction, prevail; partly also because at  times 
the upper winds are themselves too strong for kite flyin . 

When the results under all conditions are compare % , 
i. e., those dominated by anticyclones or cyclones and 
those with no well marked pressure distribution, it is 
found that kites and balloons ive essentially the same 

give sEghtly higher values in the upper levels, where kites 
a t  times can not be used. On the whole then it appears 
that the data under discussion in this summary can be 
accepted as representing very closely the average or nor- 
mal state of the atmosphere in the eastern and central 
portions of the United States. 

have taken p 9 ace in wind conditions. 

those from kites, probably because the H atter are at  times 

avera e values in the lower k evels and that balloons 

T H E  DATA P R E S E N T E D  

As already stated, the chief purpose of this summary 
is to present the results of upper air exploration with 
pilot balloons in such form as will best serve the needs 
of aviation. In  order to fulfill this purpose i t  is necessary 
to give somq, of the data in considerable detail, e. g., 
the frequencies of different wind directions and speeds 
at flyin levels; hence, some rather lengthy tables are 
includei However, as these tables contain information 
classified for several different sections of the country, 
a small part of them will usually suffice in a study of 
conditions along any one airway or in any one region. 
For those who are not vitally interested in the detailed 
data a more general picture is provided in the form of 
a number of graphs and charts. In  examining either 
the tables or the figures reference should be made to 
Figure 1 for identification of the groups. 
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The data are discussed under the followin headings: 

2. Diurnal variation in velocities. 
3. Average free-air winds for different surface direc- 

1. Average free-air wind directions and ve K ocities. 

tions. 
(a )  Turning of winds with altitude. 
( b )  Change of velocity with altitude. 
( c )  General summary. 

4. Frequency of free-air winds from different direc- 

5. Frequency of free-air winds of different velocities. 
6. Free-air resultant winds. 
1. Average free-air wind  directions and  velocities.-- 

Table 3 gives these data for the four seasons and the 
year, at certain altitudes from the surface to.10 kilo- 
meters. I n  this as in later tables the altitude intervals 
selected are smaller near the surface than in the higher 
levels in order to show most detail in wind conditions 
where they are most irregular. Above 6 kilometers, as 
earlier stated, there are not enough observations for the 
determination of reliable means. Nevertheless, the 
values at 8 and 10 kilometers are included in this and 
three other tables in which the data are considered as 
a whole instead of being broken up into smallcr units, 
and these values undoubtedly indicate a t  least the 
general tendencies. For example, in Table 3 a quite 
regular increase in wind velocity from 6 to  10 kilometers 
is shown in nearly all cases. The annual mean at  10 
kilometers varies from somewhat more than 28 m. p. S. 
in the Northern States to about 24 in the Southern 
States, except in Florida where it is about 20. These 
values are consistent among themselves and are probably 
very close to true annual means. 

The average directions given in this table have been 
computed from the observed directions without regard 
to their velocities, i. e., the directions have been con- 
sidered as unit vectors. Similarly, the velocities are the 
arithmetic means of the individual observations, com- 
puted independently of the directions. Resultant winds, 
derived by the graphical method of compounding vectors, 
the length of each vector being the observed velocity, 
will be discussed in section 6 .  (See Tables 17 and 18.) 
In passing it may be remarked that directions computed 
by the two methods do not differ greatly but that the 
average velocities are higher than the resultants, owing 
to the considerable scatter in the directions. Particu- 
larly is this true in the lower levels where easterly winds 
occur nearly as frequently as westerly. 

I n  Figure 2 areashown the average summer, winter 
and annual velocities from the surface to 6 kilometers. 
Although the annual. values are based upon those of all 
four seasons, it is evident from the curves that they are 
also very closely the averages of summer and winter 
values, taken by themselves, especially a t  heights above 
about half a kilometer. At the surface the velocities 
are highest as a rule in spring, higher even than in winter, 
and those for autumn are practically the same as the 
annual. The result is that the annual curve in Figure 2 
is closer a t  and near the.surface to the one for winter 
khan to that for summer lnstead of approximately mid- 
way between the two. 

At all levels the sprin averages are in general slightly 

slightly lower, owing to the tendency for winter conditions 
to continue into March and summer conditions into 
September and to a less extent October, i. e., the seasonal 
lag. From Table 3 it appears that thls tendency is most 
pronounced in the higher levels, 3 kdometers and above, , 

tions. 

higher than the annua !i , and the autumn values ,are 

a t  southern stations, Groups 5 to 9. I n  the lower levels 
a t  these stations and at  all heights in the Northern 
States, Groups 1 to 4, the difference between spring 
and autumn averages is of the order of 1 or 2 m. p. s. 
only. 

In  addition to the points above discussed, the follow- 
ing may be noted as characteristic features of free-air 
wind velocities in this country: (a) A marked increase 
from the surface to the level of gradient winds, about 
500 meters; ( b )  little change, often a decrease, from that 
level to about 1,500 meters; and ( c )  a gradual increase 
from the latter to the base of the stratosphere. 

The increase from the surface to  the gradient wind 
level is of the order of 100 per cent, i. e., on the average 
the velocity a t  500 meters is about double that a t  the 
surface. In  individual cases it is frequently very much 
greater than this, particularly at night and in winter. 
On the other hand, in the middle of the day, when con- 
vection is active, and in summer, when horizontal tem- 
perature gradients are weak, the increase is slight, though 
usually present in some degree. 

Velocities in the region betw n 500 and 1,500 meters, 
approximately, are exceeding y irregular. There is 
frequently a decrease, more or less pronounced, to a 
minimum near the 1 kilometer level. Such decrease 
occurs when there is a marked change in wind direction 
with height; also, along the border line between an anti- 
cyclone and a cyclone (6). On the other hand, if hori- 
zontal pressure and temperature gradients a t  the surface 
are in the same direction and strong, or even if the tem- 
perature gradient is strong and there is no well-marked 
pressure gradient a t  the surface, the wind velocity 
usually increases above 500 meters, though less markedly 
than below that level. This latter condition occurs most 
frequently in winter; in fact predominates then to the 
extent that the rate of increase between 500 and 1,500 
meters is on the avera e about the same as at  higher 

ressure and temperature gradients are fre- 

winds at moderate levels. Even in thcse seasons, how- 
ever, there are occasions when the velocity increases 
considerably with altitude. The averawe of all condi- 
tions then is one of little change with aytitude at these 
levels a t  northern stations and a.  small decrease at  
southern. The curves show a qulte regular rate of 
change with altitude between .about 500 and 1,500 meters 
owing to the smoothing which results from averaging 
numerous individual observations in which the changes 
usually are abrupt and often are large and occur at 
slightly different altitudes from day to day. It seems 
likely, that, as stated by Humphreys (6) “the general 
average, if over a long period, approaches the type of 
change of velocity with height that would obtain nor- 
mally if there were no cyclonic, anticyclonic, or other 
disturbances, except turbulence, in the flow of the air, 
while the great majority of individual observations 
show each the effects of some one or more disturbances 
of this nature. ” 

Above 1,500 meters there is in general a fairly steady 
increase in velocity with height in conformity with the 

oleward temperature gradient that prevails at  those 
revels. At southern stations, Groups 6 to 9, this increase 
is very small in summer owing to the frequency with 
whlch stagnant conditions of pressure and temperature 
prevail. Not infrequently the observations show practi- 
cally no wind at  all heights reached. 

levels. In  summer an c f  to a less extent in spring and 

quently autumn, il P defined, with resulting irregularities in the 

.. 
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6.2 
10.0 
11.7 
12.5 
13.2 
13.9 
15.3 
17.6 
20.6 
23.6 
25.4 
26.3 
26.1 
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TABLE 3.-Average free air winds m. p. s., in  rdigerent parts of the United States 

(Figures in direction columns represent degrees) 

GROUP 1 

9. 29 W. 
9. 42 W. 
8. 67 W. 
9. 78 W. 
8. 84 W. 
N.85 W. 
N. 78 W. 
N .  73 W. 
N. 68 W. 
N.7OW. 
N.BB W. 
N .61W.  
N.46 W. 

I Spring 

5.1 
9.2 

10.4 
10.5 
10.8 
11.7 
12.7 
14.7 
16.6 
18.6 
20.2 
23.5 
27.1 

Winter I Annual 

9. 74 W. 
Y. 80 W. s. 82 w. 
N. 86 W. 
N.84 W. 
N.81 W. 
N. 73 W. 
N. GG W. 
N.60 W. 
N.04 W. 
N. BG W. 
N.63W. 
N.31 W. 

Summer 

4.8 
8.7 
9.9 

10.1 
10.2 
11.1 
12.4 
14.8 
10.9 
19.0 
20.1 
21.7 
26.5 

Autumn 

s. 57 w. 
5. 83 w. w. 
N.84 W. 
N.7GW. 
N.76 W. 
N.72 W. 
N.63 W. 
N.59 W. 
N.  67 W 
N. 72 W. 
N.76 W. 
N.69 W. 

Altitude meters 

4.9 
8.0 
9.3 
9.7 

10.1 
10.9 
12.2 
14.2 
16.2 
18.1 
19.7 
23.0 
26.6 

6 .  63 W. 
8. 88 W. 
N.82 W. 
N.78 W. 
N.75 W. 
N. 62 W. 
N.56 W. 
N.50 W. 
N .64W.  
N.71 W. 
N.80 W. 
N. 54 W. 
N. SO W. 

4.4 
7.7 
8.9 
9.1 
9.5 
10.2 
11.3 
14.0 
16.0 
17.7 
19.4 
22.0 
25.6 

N.69 W. 
N.71 W. 
N.61 W. 
N.65 W. 
N 66 W 
N:68 W: 
N. 69 W. 
N. 72 W. 
N.70 W. 
N. 72 W. 
N .71W.  
N. 78 W. 
N. 68 W. 

4.9 
8.7 

10.5 
11.4 
12.3 
13.9 
16.1 
20.5 
23.7 
27.2 
30.8 
36.5 
42.6 

N.88 W. 
N.80 W. 
N. 72 W. 
N. 69 W. 
N.68 W. 
N.66 W. 
N.64 W. 
N.64 W. 
N.66 W. 
N.64 W. 
N.64 W. 
N.60 W. 
N. 68 W. 

Direction Velocity I Direction Direction Velocity Direction Velocity Velocity Velocity 

6.5 
9.9 

10.7 
'10.9 
10.8 
10.7 
11.4 
13.5 
15. 8 
18. 5 
20.6 
23.2 
28.3 

s. 73 w. 
9. 75 w. 
8. 86 w. 
N.89 W. 
N.84 W. 
N.82 W. 
N.83 W. 
N.84 W. 
N.77 W. 
N .  70 W. 
N .  62 W. 
N.04 W. 
N.47 W. 

5.8 
9.8 

10.8 
11.0 
11.1 
11.4 
12.2 
15. 1 
17.6 
19.6 
21.1 
23.6 
26.6 

5.9 
9.5 

10.6 
11.0 
11.1 
11.3 
12.2 
14.4 
16.7 
19.0 
20.6 
23.2 
26.6 

GROUP 2 

3.2 
0.5 
7.2 
7.4 
7. 7 
8.4 
9. 1 

10.5 
11.8 
13.7 
14.5 
18.0 
21.3 

1 

d 

OItOUP 3 

3.5 
0.2 
6.8 
6.8 
7.0 
7.5 
8.0 
8. 9 

10.0 
11.4 
12.6 
15.9 
20.0 

QROUP 4 

3.8 
6.3 
7.2 
7.3 
7. 5 
8.0 
8. 8 

10.6 
11.7 
12.9 
13.9 
16.3 
19.4 

N.68 W. 
N. 66 W. 
N. 63 W. 
N. 60 W. 
N.62 W. 
N.65 W. 
N.63 W. 
N.64 W. 
N.63 W. 
N.53 W. 
N. 52 W. 
N.55 W. 
N .  59 W. 

4.6 
7.6 
n. 0 e; 4 
9.9 
10.1 
12.1 
14.9 
16.9 
19.0 
20.9 
24.6 
28.6 

GROUP 5 
/ 

4.6 
8.0 
9.1 
9.2 
9.4 
10.2 
11.3 
13.7 
15.0 
17.7 
19.2 
23.1 
26. 7 
/ 

I -  

5. o 
8. 6 
9.7 
9. 9 
9,9 

10. 3 
11.4 
13.8 
15.9 
17. 5 
18.8 
23.4 
25.8 

4.6 
8.7 
10.2 
10.8 
11.4 
13.4 
15.5 
19.6 
23.2 
20.6 
28. 8 
31.8 
32. 9 

8. 25 W. 
8. 49 w. 
6.  69 W. 
8.83 w. 
W. 
N. 57 W. 
N. 68 W. 
N. 71 W. 
N. 70 W. 
N .  73 W. 
N. 78 W. 
N. 73 W. 
N. 77 W. 

4.1 
6.9 
7.7 
7. 6 
7.6 
7. 7 
8.4 
9. 5 

10.6 
11.4 
12.0 
14.6 
19.5 

-__? 
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N. 37 W. 
N.80 W. 
N. 89 W. 
N. 86 W. 
N.67 W. 

N. 76 W. 
N. 75 W. 
N. 70 W. 

N.64 N. 67 W. W. 
N. 56 W. 
N. 48 W. 

N.  68 W. 

7 

3.2 
6. 3 
7.2 
7. 6 
7.9 

9.4 
11.1 
12.7 

14.6 15.8 
20.5 
24.1 

a6 

TABLE 3.-Average free air winds m. p .  s., i n  different parts of the United States-Continued 
QROUP 6 

2.7 
6.1 
6.7 
6.7 
7.6 
7.2 
8.0 
9.4 

10.5 
11.8 
12.9 
16.6 
20.2 

N.64 W. 3.6 
N. 85 W. 7.0 
N. 79 W. 8.4 
N. 77 W. 9.2 
N.72 W. 9.9 
N. 70 W. 11.1 
N. 77 W. 12.5 
N.78 W. 15.5 
N. 80 W. 18.2 
N. 78 W. 21.9 
N. 79 W. 24.4 
N.88 W. 32.8 
N. 68 W. 37.6 

5.1 
6.5 
6.8 
6.4 
6.4 
6.0 
5.8 
5.7 
6.2 
6.6 
6.6 
6.9 

11.9 

N.65 E. 
N. 74 E. 
N. 82 E. 
N. 81 E. 
N. 74 E. 
N. 73 E. 
N. 68 E. 
N. 86 E. 
S. 66 W. 
N.85 W. 
N.62 W. 
N.20 W. 
N. 40 W. 

5.9 
8.2 
8.4 
8.1 
7.7 
8.1 
7.9 
8.3 
9.4 

10.8 
12.8 
18.4 
23.0 

6. 30 E. 
S. 38 E. 
8. 26 E. 
S. 28 E. 
S. 27 E. 
9. 22 E. 
5. 37 E. 
6. 57 E. 
S. 20 E. 
N. 81 E. 
S. 80 E. 
N. 78 E. 
N. 67 E. 

5.3 
7.9 
8.3 
7.5 
7.3 
6.5 
6.3 
7.0 
7.6 
8.8 
9.5 

11.2 
15.5 

N. 48 E. 
N. 75 E. 
S. 69 E. 
9. 62 E. 
S. 11 E. 
S. 27 W. 
S. 76 W. 
S. I33 W. 
S. 74 W. s. 83 w. 
S. 78 W. 
N. 87 W. 
N. 63 W. 

5.6 
8.9 
9.4 
9.2 
8.9 

9.4 
11.0 
12.5 
14.7 
17.7 
24.2 

a 9  

3 a 3  

S. 85 E. 
S. 79 E. 
S. 58 E. 
8. 62 E. 
S. 60 E. 

S. 60 E. 
8. 2 w. 
S. 62 W. 
N. 69 W. 
N.73 W. 
N. 45 W. 

s. 40 E. 

N. 46 w. 

4.9 
9.5 

10.9 
10.8 
10.3 
9.9 

10.2 
10.9 
1 2 3  
13.7 
15.3 
18.8 
23.1 

S. 60 W. 
8. 76 W. s. 82 w. 
N. 89 W. 
N.86 W. 
N.83 W. 
N. 83 W. 
N. 79 W. 
N.77 W. 
N. 69 W. 
N. 62 W. 
N. 43 W. 
N. 62 W. 

5.7 
10.0 
11.3 
11.2 
1O.B 
11.0 
11.7 
13.7 
15.7 
17.5 
20.1 
23.8 
29.2 

S. 18 E. 
s. 2 w. s. 3 w. 
8. 11 w. 
S. 14 W. 
9. 28 w. 
S. 61 W. 
8. 86 W. 
N.50 W. 
N. 38 W. 
N. 47 W. 
N.42 W. 
N. 33 W. 

5. 4 w. s. n w. s. 34 w. 
8. 42 W. 
S. 51 W. 
9. M1 w. 
9. so w. 
N. 89 W. 
N.7ZW. 
N.64 W. 
N.64 W. 
N.45 W. 
N.44 W. 

5.1 
9.2 

10.5 
10.4 
10.2 
10.1 
10.5 
12.0 
13.5 
14.9 
16.7 
20.1 
24.0 

4.2 
7.9 
9.0 
8.4 
7.8 
6.8 
6.5 
6.9 
7.3 
7.7 
8.5 

11.3 
14.0 

S. 20 E. 
s. 4 w. 
S. 40 W. 
S. 37 W. 
9. 51 W. 
8. 73 w. 
5. 87 W. 
9. 88 w. 
N.83 W. 
N. 69 W. 
N. 61 W. 
N. 26 W. 
N. 34 W. 

4.8 

9.3 
9.8 

10.4 
11.3 
14.1 
16.7 
19.1 
20.9 
27.4 
35.0 

ao 
a9 

9. 88 w. s. ia w. s. 10 w. s. 26 w. 
9. 32 W. 
9. 0 w. s. 84 w. 
N.83 W. 
N. 77 W. 
N.73 W. 
N. 05 W. 
N.42 W. 
N. 48 W. 

6.0 

8.7 

8 7  
8.8 
9.7 

11.5 
14.1 
16.6 
1R3 
8 . 2  
27.7 

a i  
a i  

N.ll3W. 3.9 

N.70W. a 4  

N.89W. 5.8 
N.86 W. 5.6 
9. 86 w. 5.5 
N.82 W. 5.7 
N.78 W. 6.4 
N. 69 W. 7.1 
N. 59 W. 8.0 
N. 27 W. 10.0 
N.34 W. 11.4 

~ . 7 4  w. 6.1 

N . M W .  6.2 

I Winter Autumn Annual 

Altitude meters /Direction Velocity Direction Velocity --- I /  Direction Velocity Direction 

N. 43 E. 
N. 8 E. 
N. 24 E. 
N. 26 E. 
N. 17 E. 
N. 10 W. 
N.58 W. 
N. 68 W. 
N.85 W. 
N. 65 W. 
N. 64 W. 
N. 49 W. 
N. 50 W. 

2.5 
5.0 
5.8 
5.9 
6.2 
6. 6 
6. 7 
6.7 
6. 8 
7. I 
6. 7 
8.5 

11.4 

S. 30 W. 
S. 71 W. 
8. 69 w. 
S. 70 W. 
S. 71 W. 
6.  73 w. 
S. 86 W. 
N.  80 W. 
N. 70 W. 
N.  46 W. 
N.  55 W. 
N. 16 W. 
N. 20 W. 

4.0 
7.0 
8.2 
8.4 
8. 7 
9. 5 

10. 6 
12.9 
15. 1 
17. 5 
19.2 
24.2 
27.2 

QROUP 7 
__. 

5.5 
7.9 
8.3 
7.8 
7.6 
7.2 
7.3 
8.0 
8.9 

10. 2 
11. 6 
15.2 
20.7 
- 

I 

QROUP 8 

5.5 
9.3 

10.8 
11.4 
11.9 
12.6 
13.5 
16.4 

20.7 
22.8 
26.6 
29.7 

ia 8 

I 

QROUP 9 

4. 6 
7.5 

I 

S. 82 E. 
S. 85 E. 
8. 65 E. 
9. 60 E. 
9. 53 E. 
8. 63 E. 
5.83 w. 
N. 70 W. 
N.71 W. 
N. 75 W. 
N. 6fl W. 
N.47 W. 
N. 44 W. 

N. 138 W. 
8. 74 w. 
S. 70 W. 
9. 84 W. 
N. 89 w. 
N.85 W. 
8.88 w. 
N. 82 W. 
N. 78 W. 
N. 69 W. 
N. b0 W. 
N. 27 W. 
N. 34 W. 

4.6 
8.0 
8.4 

8.4 
8.5 

10.2 
11.1 
13.1 
14.5 
17.2 
19.5 

a 4  

a s  

8.0 

8.1 

10.4 
12 1 
14.0 
15.4 
19.5 
23.6 

a 2  

a 3  
a 8  

I I 

2. Diurnal variation in veZocities.-It has long been well 
known that winds a t  the surface are on the avera e 

morning. It is not so well known, but should be clearly 
recognized, that the. dally march in the free air is the 
exact opposite of ths. Ii’ortunately, the hours of pilot 
balloon observations are yefy close to those a t  which the 
lowest and highest veloclties occur at  the surface and 
presumably also at  upper levels, and the data therefore 
an all likelihood give the range-very satisfactoril 
ithe character of the chan e, 1. e., the “diurna march,” 
between the extremes. bhese data are presented in 
Table 4 for all four seasons and the year, and in Figure 3 
for summer, winter, and the year ogy.  The records of 
individual stations were used for this pur ose, since the 

ately, thus making the computation of the mean a simple 

data were arranged by surface Jrections without regard 
to time of day, and a rearran ement later would have 

are represented very satisfactorily by the stations here 
selected, as follows: Groups 1 and 2, Ellendale and 

Groups 5 and 6, Due West; Group 7, Key West; Group 
8, Broken Arrow; and Group 9, Groesbeck. 

An inspection of the values in Table 4 confirms several 
of the points brought out in the discussion of Table 3 and 
Figure 2, intluding (a)  the higher velocities a t  and near 
the surface in spring than in any other season; (6) the 
close agreement among the spring, autumn and annual 
values, except near the surface; and (c) the small change 
from 500 to 1,500 and 2,000 meters. 

In.Figure 3 it is shown also that velocities in the morn- 
ing mrease sharply from the surface to abou! the 
500-meter level, but that no such increase occurs in the 
curves for the afternoon. The difference in the two sets 
of curqes is striking and should serve as a warning a amst 

representative of average conditions. 
The diurnal range a t  the surface is approximately 1 to 

strongest in the afternoon and weakest in the ea ry  7 Drexel; Group 3, Royal Center; Group 4, Washington; 

r, but not 

a. m. and p. m. data had already been ta \ dated separ- 
matter, whereas in the study b geographic groups the accepting results from only one observation da iy  9 as 

entailed a large amount of te % ious labor, The groups 2 2 m. p. s. . The change of phase occurs between 50 and 
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ytli 
Spring . . . . . . . . . . . . . . . . . . . . .  $1.4 
Summer _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  $1.6 

Winter . . . . . . . . . . . . . . . . . . . . .  $0.7 
Autumn _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  +1.2 

100 meters. Above this level there is a rapid increase 
in the range to about 500 meters where i t  amounts to 2 
to 4 m. p. s., except that a t  Key West it is only about 1 
m. p. s. The diurnal variation practically ceases a t  
1,500 to 2,000 meters, the height of no change being 
apparently somewhat higher in summer than in winter. 
There does not seem to be any marked seasonal variation 
in the range at  about 500 meters; nor is there any varia- 
tion that can be attributed to latitude alone. There is, 
however, a somewhat greater range at  those stations 
where the diurnal temperature range is large and therefore 
convection is active, e. g., Drexel, Broken Arrow and 
Groesbeck. On the other hand, at Key West, far re- 
moved from any extended land areas and relatively free 
therefore from appreciable convectional activity, the 
range both a t  the surface and above is very small, and 

250 500 750 1,000 1,500 2,OOO 

------- 
0 -1.2 -0.8 -0.7 4 . 5  -0.4 

-1.0 -1.5 -1.3 -1.2 -1.2 -0.9 

-1.7 -1.0 $0.3 I 0 -0.2 -0.5 
-1.2 -1.6 -1.1 -1.2 -0.3 -0.3 

in a recent report gives the following figures for Lansing, 
Mich., and Madison, Wis., plus sign indicating an 
increase from a. m. to p. m. and minus sign a decrease: 

LANSING, MICH. 

Annual _ _ _ _ _ _ _ _ _ _ _ _ _ _  I $1.31 -0.91 -1.31 -0.81 -0.81 -0 .o j  -0.5 

MADISON, WIS. 

Annual . . . . . . . . . . . . . . . . . . . .  1 $0.51 -2.01 -1.91 -1.01 -1.41 -1.01 -1.6 

FIQ. 2.-Average summer, winter, and annual free-air wind velocities, m. P. S., eastern and central United States 

ceases altogether a t  about 1,400 meters. Moreover, 
near the surface the chanBe with altitude in the after- 
noon is similar to that in the morning, though less 
pronounced, whereas a t  the other stations, the character 
of the a. m. and p. m. curves is distinctly different. 

I n  general, the results here presented are similar to  
those found elsewhere (7) (8). For example,. C. L. Ray 

The results thus far discussed are based upon all obser- 
vations irrespective of wind direction. In  a study of the 
upper winds of Oyahoma, Riley (9) has found that there 
IS a pronounced diurnal variation with winds of a11 direc- 
tions,.but that the greatest range occurs with the strop&- 
est winds. It seems likely that this relation with wind 
velocities is characteristic of all parts of the country. 
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FIG. &-Average a. m. and p. m. wind velocities at selwted SbAtio~Is. &=summer, W-winter, and A-annual 



Altitude, meters 
Surface Surfaca 

260 I 600 1 760 I 1,000 I 1,600 1 2,000 

Altitude, meters 

250 I Mx) I 760 I 1,000 I 1,600 I 2,000 

3 p. m. I 7 a. m. I 

7 a. m. 3 p. m. 

7 a. m. I 2 p .  m. 

Spring _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Summer-. ~ . . . . . . . . . . . . . . . . . . . . .  
Autumn _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Winter _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

Annual _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
_ _ _ ~  

Annual _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  I 6.4 I 9.6 I 10.6 1 10.6 I 10.6 1 10.6 I 11.4 I 7.1 I 7.81 8.6 1 9.1 1 9.4 I 10.0 I 10.7 

6.1 10.8 12.6 12.3 11.3 10.6 10.2 7.4 7.9 8.6 9.0 9.7 10.0 10.4 
3.9 8.2 . 9.6 9.1 8.2 6.7 6.1 6.1 5.7 5.9 6.0 6.0 6.1 6.1 
4.7 10.2 11.7 11.0 10.0 9.0 8.7 6.2 6.7 7.1 8.9 9.1 7.8 8.1 

9.4 10.6 11.6 13.4 5.6 10.2 11.9 11.9 11.6 11.8 12.5 6.7 7.2 .8.1 

5.1 9.8 11.4 11.1 10.3 9.6 9.4 6.3 6.0 ' 7.4 8.0 8.6 9.2 ' 9.8 
____ ~ ___________ _--- ~ 

~ 

QROESBECK, TEX. 

7 a. m. I 2 p. m. I 

8 a. m. 

Spring _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  3.6 7.4 9.0 8.6 8.1 g . 6  9.6 
Summer -.-.-.--.--.--.---...--- 3.1 5.9 7.0 6.6 6 .2  6.9 6.3 
Autumn _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  3.3 7.6 8.3 7.6 7.0 7.1 8.1 
Winter _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  3.7 9.0 10.6 10.2 9.9 11.7 13.2 

Annual _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  3.4 7.6 8 7  8.2 7.8 8.4 9.3 

Annual - - - _ _  _ _ _  - _ _ _  - _ _  - _ _ _  I 4.01 8 .41  10.01 9.6) 8.01  7.81 8 - 0 1  6.61 0.01 8.01 7.01 7.61 7.91 8.3 - 
KEY WEST, FLA. 

3 p. m. 

4.9 6.1 6.7 7.2 7.8 9.0 10.0 
3.9 4.8 4.9 6.0 6.0 6.4 6.0 
3.8 4.8 6.3 6.6 6.9 7.0 8.1 
4.6 6.3 7.4 8.6 9.6 11.4 13.4 

4.3 6.6 6.1 6.6 7.0 8.2 9.4 

3 p. m. I 8 s .  m. I 
Spring.. -____- - -________________  
Summer _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Autumn _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Winter.. . . . . . . . . . . . . . . . . . . . . .  _ _ _  

Annual _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

6.9 6.0 7.4 7.7 7.6 6.9 6.8 6.6 6.6 6.8 6.8 6.8 6.7 6.0 

6 .3  4.7 7.3 7.5 7.0 6 .3  6.6 5.3 6.0 6.7 7.0 6.9 6.5 6.0 
4.7 8.7 9 . 0 .  8.5 7.9 6.7 e. 4 6.6 7.6 8.0 7.8 7.4 6.7 6.3 

' 6 . 6  4.6 7.2 7.0 7.2 6.7 6.8 6.6 6.1 6.6 6.8 8.6 8.4 6.9 

3.9 6 .6  6.8 5.8 6 .6  6.1 4.8 4.6 6.2 6.3 6.1 6.1 6.1 4.8 

Annual _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  1 4.2 I 8.1 1 9.5 [ 9.4 I 9.6 1 10.2 I 11.1 I 6.6 I 6.7 I 7.6 I 8.0 I 8.6 I 9.8 I - 
WASHINOTON, D. c. 

S a m .  3 p. m. 
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3. Average free-air winds for different surface direc- 
lions.-It is well known that upper winds differ decidedly 
as to both direction and velocity, with wind direction 
at and very close to the earth’s surface. This variation 
is fairly consistent, i. e., for a given surface direction the 
change in direction and velocity with altitude is similar 
from time to h e ,  differences as a rule being those of 
degree rather than of kind. This is to be expected, since 
free-air winds are intimately related to ressure and 

to pressure distribution, and therefore to wind also, at 
or near the surface. Table 5 gives the relation between 
surface direction and free-air directions and velocities 

temperature gradients which in turn are c P osely related 

OF THE UNITED STATES 11 

in Table 5 were considered separately. This course has 
been followed, means being computed for Groups 1 to 4, 
Northern States, Groups 5 to 9, Southern States, and 
for all nine groups. The results will be considered under 
three headings: (a) Turning of winds with altitude; 
( b )  change of velocity with altitude; and ( c )  general 
summary. 

3 (a). Turning of winds with aZtitude.-In Tables 6 and 
7 are given, respectively, the average frequency of clock- 
wise and counterclockwise turning (known also as veer- 
ing and backing or right-hand and left-hand turning) 
and the average amount of the turning or deviation. 
In  part the data are shown also in Figures 4 and 5. 

100 

4 80 
W 

60 
n: 
E 40 

20 

0 

100 

I- 80 

60 
E 

kk! 40 

20 

0 

z 

1 CLOCKWISE 1 COUNTER-CLOCKWISE [1 NO CHANGE 

S -SUMMER W - WINTER A-ANNUAL 
FIG. I.-Average summer, winter, and annual percentage frequency of clockwise, counterclorkwise, and no turning of winds with altitude from surface direction in eastern and 

central United States 

in considerably greater detail than has heretofore been 
possible. Summer, wmter, and annual values are included 
f n r  all nine groups UP to 6 kilometers. As stated earlier, 
the annual values fit quite closely those for spring and 
autumn also; therefore, .all parts of tho year are repre- 
sented. From the data in this table it is possible to find 
quickly, for any part of the. country east of the Rocky 
Mountains, the characteristic behavior of winds above 
each of the 16 directions a t  the surface and above calms 
in all four seasons and for  the year. A detailed examina- 
tion of the data shows that the relation between free-air 
winds and surface directions is so nearly the same in 
different parts of the country as to justify a regrouping 
into larger geographic units, thus smoothin out irregu- 
larities in the higher levels, due to the sma fi number of 
observations in some of the grou s, and also rendering 
discussion less tedious than i t  wo llf d be if the nine groups 

430g26t-2 

A study of Table 6 and Figure 4 brings out the fol- 
lowing as the more striking features, so far as the,fre- 
quency of the two kinds of turning is concerned: 

(1) Near the surface, clockwise turning is more fre- 
uent than counterclockwise with all directions; this 

h e r e n c e  is greatest with southerly winds, i. e., east to 
west-sou thwes t . 

(2) With increasing altitude the frequency of elock- 
wise turning increases above southerly surface winds, 
decreases above northerly winds and changes little above 
east and west winds; the frequency of counterclockwise 
turning increases above northerly winds, i. e., west-north- 
west to east-northeast and shows little change above all 
other directions. 

(3) There is a fairly lar e seasonal variation in the 

in the upper levo P s. Thus, at  4 kilometers for the coulltry 
plockwise turnin above sout % erly winds, most pronounced 
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as a whole, the clockwise turning above southeast to 
southwest winds averages from 90 to 95 per cent in winter, 
whereas in summer it is about 70 peT cent. There 
seems to be little, if any seasonal variation m counter- 
cldckwise turning except above north and north-north- 
west winds. Here the frequency a t  4 kilometers is about 
85 in winter and about 70 in summer. 

(4) The latitudinal variation is fairly pronounced in 
summer but slight in winter. For example, at  4 kilo- 
meters the clockwise turning above southeast to south- 
west winds in summer amounts to about 80 per cent a t  
northern stations and 60 per cent at  southern; in winter 
it averages between 90 and 95 in both regions. Counter- 
clockwise turning above north and north-northwest 
winds occurs about 70 per cent of the time in summer 

(1) Near the surface the deviation is to the right on 
the average for all directions but is greatest with winds 
having a south component. 

(2) Above 500 meters it increases with southerly 
winds, particularly with those from east-southeast to 
south-southeast. With nqrtherly winds, on the other 
hand, the average deviation a t  these upper levels is 
to the left, more especially with north to northeast 
winds. 

(3) The deviation with increasing altitude is in general 
roughly proportional to the angle between the surface 
direction and a westerly dlrection as is well shown in 
Figure 5 .  
(4) The tendencies above noted are more pronounced 

in the northern than in the southern part of the country 

FIO. &-Average annual turning of winds with altitude in eastern and centre1 United Mates 

at northern ftations and 65 per cent at southern; in 
winter there is little difference, the average being about 
85 per cent. 

(5) The frequency of no turning from surface direction 
is greatest with northerly winds and diminishes with 
altitude for all directions, being negligible at  4 kilo- 
meters and higher. 

(6) The last item in each section of Table 6 gives the 
mean turning for all directions. These figures show the 
decided preponderance of clockwise over counterclock- 
wise turning near the surface, the ratio being about 2 to 
1 in summer and 3 to 1 in winter; the decrease in those 
ratios as greater altitudes are reached; and the decrease 
with altitude in the frequency of winds which represent 
no change in direction from the surface. 

The avera e amount of deviation from surface direction 
is given in t ab le  7, and for the year at  all stations is 
shown also in Figure 5 .  The data may be summarized 
as follows: 

and in winter than in summer, i. e., the turning is greatest 
when and where the latitudinal temperature gradient is 
strongest and therefore the prevailing westerlies best 
developed. 

Taking a broad, eneral survey of the data resented 

surface direc;tions from which there is the largest devia- 
tion with altitude are rn general also those that have the 
largest percenta e frequency of turning, either to the 

southerly winds show at 4 kilometers a lax e deviation to 

ing; northerly wmds, a lar e, though less decided, devla- 

clockwise turnmg. Near the surface there is a similar 
consistency. In other words, to uote Doctor Meisinger 
(IO), “The greatest average leviation occurs m t h  
greatest reliability. of turning; the least deviation occurs 
with the least reliability of turning.” 

in Tables 6 and 7 an % Figures 4 and 5,  we find t t a t  those 

right or to the K eft. Thus, considering annual values, 

the nght and a.very high frequency of c 7 ockwise tu”- 

tion to. the left and a fairy 7 high frequency of counter- 



AN AEROLOGICAL SURVE'Y OF THE UNITED STATES . 13 
It may be noted that in a few instances there is some 

discrepancy between the annual values and the average 
of those for summer and winter. As elsewhere stated, 
however, the annual values are based upon data for all 
four seasons. In  general they do not lie quite midway 
between those for summer and winter, but incline 
slightly toward the former. 

3 ( b )  Change of velocity with altitude.-A mere glance 
at  Table 8 and Figure 6 will show that the Werent 
directions a t  the surface are associated with characteristic 
changes in velocity with altitude quite as definitely as 
with changes in direction. The principal features dis- 
closed are: 

(1) From the surface to about 500 meters there is a 
large increase with all directions; it is greatest with 
south to southwest winds and least with north-northeast 
to east winds. 

(2) At hi her levels lowest velocities are still found 

and east; highest velocities, however, occur above west 
to northwest winds at  2 kilometers and higher instead 
of above south to southwest. 

(3) There is a marked seasonal variation and a less 
pronounced but still appreciable variation with latitude, 
the explanation of this being of course the same as that 
previously given for the variation in deviation from sur- 
face direction, wiz., the strength of the 1,atitudinal !em- 

erature gradient, both at  the surface and in the hlgher 
revels. This statement applies to the values above 
easterly winds as well as to those above other directions. 
It should be borne in mind that easterly surface winds 
change as a rule to westerly in the higher levels, par- 
ticularly in winter, and the velocities are of course 
associated with these westerly directions. In  the few 
cases in which the easterly surface winds remain easterly 
with increasin altitude the velocities are as a rule 

above easter 9 y surface winds, particularly east-northeast 

comparatively f ow. 

3 (c) General summary.-In Table 9 are given, as 
nearly as they can now be determined, the average 
directions and velocities above each of the 16 directions 
at  the surface for the northern and southern sections of 
the country. These figures are based upon those in 
Tables 7 and 8. They can be accepted only as averages 
for fairly large areas. However variations between 
individual places would in genera\ be small, except a t  
and near the surface where topography and other factors 
might play a fairly large part. The last line in each 
section of Tables 5 and 8 gives average values above 
calms at  the surface. Naturally these are very irregular 
and in no sense characteristic. Therefore, they have not 
been included in the preparation of Table 9. The data 
presented show, in somewhat different form, the same 
general features that have already been discussed in 
connection with Tables 7 and 8 and Figures 4 and 5.  
These may be very briefly recapitulated as follows: 

(1) Surface velocities differ little with season, latitude 
or direction. 

(2) From the surface to about 500 meters winds of all 
directions usually veer and increase in velocity, these 
tendencies being most pronounced with southerly winds. 

(3) At higher levels velocities continue to increase 
above westerly winds, but they decrease slightly above 
easterly winds, these changes being accompanied by 
continued veering above southerly winds, but by a 
backing above northerly winds, the result being a fairly 
close approach to a westerly direction, except that 
northeast to east surface winds are very irregular. 

(4) The seasonal and latitudinal variation, small a t  
the surface, increases decidedly with altitude, the hi hest 
velocities and the nearest approach to a westerly f ireo- 
tion occurring when and where the poleward tempera- 
ture gradient, and therefore pressure gradient also, is 
strongest . 



N. 4 E .  
N. 26 E. 
N. 65 E. 
N. 71 E. 
S. 64 E. 
S. 46 E. 
S. 31 E. 
S. 13 E. 
S. 9 W. 
8. 25 W. 
8. 50 w. 

7.1 
7.4 
7.5 
6.9 
6.1 
6.7 
8.7 
9.8 
10.6 
8.8 
9.0 

N.12 W. 
N. 19 E. 
N. 58 E. 
N. 35 E. 
5. 55 E. 
S. 33 E. 
8. 6 E. 
6. 8 W. 
S. 26 W. 
s. 49 w. s. 63 w. 

8.1 
8.5 
7.8 
5.9 
5.6 
6.5 
8.4 
9.9 

11.7 
10.0 
9.0 

N.33 W. 
N.46 E. 
N. 15 E. 
N.52 W. 
N. 50 E. 
9. 28 E. s. 60 w. 
9. 62 W. 
6. 64 w. 
S. 78 W. s. 77 w. 

10.5 
9.9 
9.3 
7.9 
5.8 
7.3 
7.5 
8.3 

11.3 
8.7 
7.9 

N. 3 E. 
N. 28 E. 
N. 69 E. 
N. 72 E. 
S. 52 E. 
8. 47 E. 
6. 23 E. 
S. 12 E. 
S. 15 W. s. 45 w. s. 63 w. 

7.6 
7.9 
7.7 
6.4 
8.3 
7. 5 
9.0 

10.8 
11.8 
9.9 
9.3 

N.21 W. 
N.48 W. 
N. 73 W. 
N. 60 W. 
N. 78 W. 
N.54W. 
N. 60 W. 

7.7 _ _ _ _ _ _ _  ~ _ _ _ _ _ _ _ _ _ _ _ _ -  
7.5 _ _ _ _ _  ~ _ _ _ _ _  ~ _ _ _ _ _  _ _ _ _  

11.3 N. 73 W. 15.1 
9.9 N. 78 W. 13.0 

11.7 N. 73 W. 13.4 
12.7 . . . . . . . . . . . . . . . . . . . . .  
11.3 N. 55 W. 12.1 - - - - _ - _ _ _ _ _ _ _ - _ _ - _ _  

N. 80 W. 
N. 61 W. 
N.32 W. 
N.12 W. 
6. 16 W. 

10.4 
8.3 
8.9 
9.5 
3.2 

_ _ _ _ _ _ _ _ _ _  
N. 73 W. 
N.62 W. 
N.30 W. 
N. 12 W. 
S. 2 E. 

____- - - - -  
10.8 
9.9 
9.2 

10.2 
4.6 

N. 67 W. 
N.56 W. 
N.39 W. 
N. 21 W. 
8. 59 E. 

_ _ _ _ _ _ _ _ _  
10.6 
9.9 
9.4 

10.6 
5.8 

5.9 
5.4 
6.1 
6.0 
4.9 
5.8 
4.7 
6.9 
5.6 
5.4 
5.2 
4.0 
6.0 
5.9 
8.9 
8.4 
0.0 

N. 2 W. 
N.38 E. 
N. 52 E. 
E. 
8. 71 E. 
S. 38 E. 
S. 24 E. 
5. 4 E. 
8. 19 W. 
8. 55 w. 
8. 68 W. 
9. 87 W. 
N.66 W. 
N. Bo W. 
N.37 W. 
N.27 W. 
8. 78 W. 

N. 8 W. 
N. 6 W. 
N. 37 E. 
S. 45 W. 
s. 8 w. 
S. 
9. 26 W. 
6. 43 w. 
8. 59 W. 
N.88 W. 
N.84 W. 
N.65 W. 
N. 59 W. 
N. 57 W. 
N. 36 W. 
N. 82 W. 
N.84 W. 

11.6 
9.0 
9.1 

10.8 
9.0 

15.1 
12.6 
11.1 
13.3 
11.7 
12.3 
13.0 
14.3 
13.2 
17.4 
13.9 
8.7 

8.6 
7.7 
7.3 
8.3 
7.6 

10.8 
9.5 
9.2 

10.7 
9.4 
9.8 
8.6 

10.1 
9.3 

13.0 
10.4 
4.2 

N. 1 W. 
N.34 E. 
N. 65 E. 
6. 80 E. 
8. 46 E. 
6. 15 E. 
6. 
8. 18 W. s. 35 w. 
6. 80 w. 
9. 81 W. 
N. 89 W. 
N. 83 W. 
N. 56 W. 
N. 34 W. 
N. 11 W. 
8. 83 W. 

N. 48 W. 
.N. 33 W. 
N.64 W. 
6. 68 W. 
S. 68 W. 
8. E4 w. 
S. 67 W. 
8. 84 W. 
6. 75 W. 
N. 77 W. 
N. 75 W. 
N. 60 W. 
N. 56 W. 
N. 59 W. 
N. 51 W. 
N. 48 W. 
N. 73 W. 

12.8 
9.3 

10.7 
14.5 
11.7 
11.4 
14.0 
14.9 
14.1 
13.6 
15.7 
15.7 
15.2 
16.3 
20.1 
17.3 
12.5 

N.42 W. 
N.23 W. 
N.37 W. 
N.65 W. 
9. 81 W. 
8. 02 w. 
8. 42 W. 
6. 55 W. 
S. 61 W. 
9. 82 W. 
S. 88 W. 
N.76 W. 
N.64 W. 
N. 62 W. 
N. 53 W. 
N. 49 W. 
N.46 W. ,  

11.5 
9.3 
9.3 
9.4 
8.1 
9.4 

10.6 
12.2 
12.2 
12.4 
12.3 
15.1 
13.6 
14.1 
15.3 
13.0 
8.7 

N. 65 W. 
N. 69 W. 
N.64 W. 
N. 76 W. 
N.64 W. 
N. 68 W. 
N. 84 W. 
N.54 W. 
N. 89 W. 
N.81 W. 
N.75 W. 
N. 70 W. 
N. 52 W. 
N. 64 W. 
N.56 W. 
N. 68 W. 
N. 74 W. 

16.9 
12.4 
14.0 
15.4 
11.8 
13.6 
13.4 
16.9 
14.9 
16.1 
16.1 
19.6 
20.3 
20.9 
20.6 
19.2 
13.7 

N. N. 66 78 W. W. 
N. 69 W. 

N.74 N. 72 W. W. 
N.49 W. 

N.37 W. 
N. 86 W. 
N. 70 W. 
N.64 W. 
N. 68 W. 

N. 70 W. 
N. 79 W. 
N. 27 W. 

N. 77 w. 

N . ~ O  N. 76 w. W. 

20.7 18.8 
19.4 

20.4 18.9 
20.1 

20.7 
18.8 
17.5 
19.2 
26.4 

25.3 
21.0 
16.2 

17.8 

24.1 25.9 
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TABLE &-Average free-air winds, m. p .  s., for diferent surface directions 

(Figurea in direction columns represent degrees) 

GROUP 1 
S U M M E R  

Altitude, meters 
Surface 

250 500 4,000 1 6,000 1,000 2 , m  

Direction 1 Velocity Direction I Velocity Direction I Velocity Direction Velocity 
____- 

Direction Velocity Direction I Velocity 1 Direction I Velocity 

4.9 
6.1 
4.4 
5.0 
3.4 
4.6 
4.7 
6.3 
6.2 
4.8 
4. 7 

5.6 
5.5 
5. 1 
6.7 
0.0 

_ _ _ _ _  

14.9 N.49 W. 16.0 B:!is:I 13.5! _ _ _ _ _ _ _ _ _ _ _  1 _ _ _ _ _ _ _ _ _ _  
N. 49 W. 11.5 N. 78 W. 17.1 

_ _ _ _ _ _ - _ _ _ _ _ _ _ - - _ _ _  
N. 66 W. 11.4 $: 1 11.3 

12.3 
N. 35 W. 11.9 
N.15 W. 6.8 

N . I W . 1  15.2lN.XOW./  19.5 
N.67 W. 15.2 . . . . . . . . . . . . . . . . . . . . .  

W I N T E R  

9.5 
8.5 
8.2 
7.2 
9.0 

16.2 
12.0 
10.9 
12.4 
11.3 
11.7 
10.0 
12.3 
11.4 
14.8 
11.3 
5.9 

I I 

ANNUAL 

8.4 
7.0 
7.5 
7.3 
7. 1 
8.3 
9.0 
9.8 

11.4 
10.7 
9.6 
8.6 
9.5 

10.2 
11.0 
10.2 
5.5 

9.2 
7.7 
8.0 
7.1 
7.8 
9.9 

10.4 
10.9 
13.0 
11.7 
10.6 
9. 7 

10.5 
11.3 
12. 1 
11.0 
5. 8 

9.8 
7.5 
8.2 
7.9 
7.3 
8.7 

10.2 
11.2 
13.0 
12.2 
10.7 
11.6 
11.6 
12.1 
13. 1 
11.9 
7.7 

N. 5 E. 
N. 31 E. 
N. 56 E. 
N. 80 E. 
S. 70 E. 
S. 44 E. 
6. 29 E. 
5. 9 E. 
S. 13 W. 
5. 36 W. 
9. 64 w. 
8. 75 w. 
N.78 W. 
N.61 W. 
N.36 W. 
N. 17 W. 
S. 52 W. 

5.8 
5.2 
4.9 
5.0 
4.6 
4.6 
4.8 
6.4 
6.3 
6.3 
5.2 
5.5 
5. 6 
6.3 
7.2 
7.8 
0.0 
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TABLE &-Average free-air winds, m. p. s., for different surface directione-Continued 

(Figures in direction columns represent degrees) 

GROUP 2 

SUMMER 

N. 3 W. 
N.29 E. 
N.41 E. 
N .  75 E. 
S. 85 E. 
S. 03 E. 
S. 17 E. 
9. 8 E. 
S. 15 W. 

S. 55 W. 
9. 78 W. 
N .88W.  
N .07W.  
N.48 W. 
N .23W.  
8. 41 W. 

s. 29 w. 

15 

5.2 
0. 1 
5.5 
7.0 
4.4 
5.0 
0.5 
0.2 
7.5 

8.7 
8.3 
7.5 
7.0 
0.9 
0.0 
3.0 

so 

Surface 

N.57 W. 
N.60 W. 
N.60 W. 
N.70 W. 
N.83 W. 
N. 13 E. 
5. 78 W. 

N.42 N .76W.  W. 
S. 71 W. 
N.84 W. 
N. 57 W. 
N. 73 W. 
N.59 W. 
N.61 W. 
N.64 W. 
N.70 W. 

Altitude, meters 

1,m I 2,OOo I 4,000 

14.0 
15.2 
1 2 0  
1 2 2  
11.1 
7.5 

11.3 

12.1 15.3 
15.1 
15.4 
15.9 
14.0 
21.9 
17.2 
14.5 
11.4 

500 

N .  1 E. 
N .  12 E. 
N. 30 E. 
N .  09 E. 
5. 30 E. 
9. 48 E. s. 9 E. 
S. 1 E. s. 11 w. s. 35 w. 
8. 02 w. 
9. 79 W. 
N.80 W. 
N.07 W. 
N .53W.  
N.21 W. 
S. 58 E. 

0.4 
7.3 
0.1 
5.4 
5. 1 
0. 1 
7.0 

10.5 
11.1 
9.9 

10.1 
9.8 
9.3 

10.1 
9.0 
7.9 
3. 3 

12.9 
12.0 
11.3 
9.8 

10.3 
14.1 
13.1 
15.0 
15.4 
15.1 
18.8 
17.0 
18.7 
17.3 
14.5 
17,7 
10.0 

N. 66 W. 
N.64 W. 
N.39 W. 
W. 
N .77W.  
__.__. _ _ _  ._ 
N.81 W. 
N.84 W. 
N.84W. 
N.70 W. 
N.70 W. 
N.08 W. 
N. 72 W. 
N.05 W. 
N.40 W. 
N.88 W. 
N.03 W. 

11.0 
10.7 
8.9 
7.0 
9.2 
0.7 

10.7 
10.9 
12.9 
13.2 
14.4 
14.7 
10.0 
14.7 
13.4 
14.8 
8.4 

N.30 W. 
N.46 W. 
N.58W. 
N.41 W. 
N.03 W. 
N.75 W. s. 70 w. 
5. 87 W. 
S. 78 W. 
N.84 W .  
N.83 W. 
N. 59 W. 
N.07 W. 
N.G4W. 
N .  55 W. 
N. 50 W. 
N. 57 W. 

N.44 W. 

N.47 W. 
N.41 W. 
N.03 W. 
N.48 W. 
N.79 W. 
W. 
W. 
N .07W.  
N.78 W. 
N.51 W. 
N.67 W. 
N .50W.  
N. 62 W. 
N.57 W. 
N.58 W. 

~ . e 5  w. 22.4 

10.7 
15.0 
17.4 
14.6 
l a 0  
20.0 
20.6 
20.5 
22.8 
21.0 
22.8 
28.2 
22.6 
25.3 
18.0 

23.2 
N.  5 W. 
N.21 E. 
N. 43 E. 
N. 72 E. s. 09 E. 
9. 58 E. 
6. 15 E. 
S. 18 E. 
5. 11 W. s. 29 w. 
S. 50 W. 
5. 78 W. 
N.85 W. 
N.08 W. 
N.48 W. 
N .26W.  
N.40 W. 

0.2 
0.8 
0.4 
0. 5 
5.2 
0. 5 
7. 7 
9.2 
9.8 

10.2 
9.5 
9.5 
8.0 
9.0 
8.2 
7.7 
5.1 

250 -- 
Velocity Direction Direction . I Velocity Direction Velocity Direction Direction Direction Velocity I Velocity 

6. 8 
0. 0 
5. 0 
7.5 
5.3 
5.4 
7. 0 
7.4 
8.2 
8.9 
0. 7 
9.2 
8.9 
9.0 
7.5 
0. 7 
4.4 

10.9 
10. 1 
9.4 
7.9 
0. 3 
5.9 

9. 0 
12. 0 
13.4 
13.0 
1Y. 7 
15.2 
15.0 
15.7 
13. 1 
9.5 

a 4  

8.3 N.47 W. 
7.7 N .  23 W. 
7.6 N.50 W. 
5.1 N.28 W. 
EL2 N.81 W. 
5.8 N.23W. 
7.2 s. 55 w. 
7.8 N.73 W. 
8.7 s. 84 w. 

10.3 S. 85 W. 
10.5 N .78W.  
12.3 N.fH W. 
12.7 N .  09 W. 
10.3 N.50 W. 
11.4 N.08 W. 
9.0 N .57W.  
0.2 N.39 W. 

WINTER 

7.2 
8.3 
7. 0 
0.4 
6. 3 
7. 2 
9. 5 

12.4 
12. 2 
11. 5 
12.4 
12. 2 
11.4 
11.8 
10. 0 
8. 7 

N. 1 W. 
N. 17 W. 
N.23 E. 
N .  58 E. 
S. 20 E. s. 7 E. s. 21 w. s. 10 w. 
s. 91 w. s. 53 w. 
6. 77 w. 
S. 85 W. 
N. 73 W. 
N .  BO W. 
N. 48 W. 
N. 20 W. 
N.78 W. 

N. 58 W. 
N.53 W. 
N .  50 W. 
N.54 W. 
N.77 W. 
N.84 W. 
9. 77 w. 
S. 04 W. 
9. 70 W. s. 74 w. 
N.83 W. 
N.78 W. 
N. 08 W. 
N. GO W. 
N .  40 W. 
N.44 W. 
N .  05 W. 

N.25 W. 
N. 18 W. 
N .  22 E. 
N .  52 W. s. 77 w. 
s. 52 w. 
S. 41 W. 
8. 41 W. 
S. 02 W. 
S. 08 W. s. 80 w. 
N. 70 W. 
N.67 W .  
N.03 W. 
N. 49 W. 
N. 33 W. 
N.72 W. 

- - - - - - - 
22.0 
22. 0 
23.0 
19. 5 
25.5 
25.3 
25.4 
20. 3 
20. 1 
23.0 
19.0 4.1 

ANNUAL 

7.0 
7. 1 

8. 1 
8. 5 
7. 3 
7. 8 
7. 5 
8. 2 
!?* 0 

10.4 
11. 3 
11. 3 
12. 4 
11. 7 
11. 7 
11. 7 
10. 6 
12. 3 
5. 9 

N.33 W. 
N. 35 W. 
N. 27 W. 
N. 
N. 48 W. s. 33 w. 
9. 68 R. s. 02 w. 
S. 04 W. 
s. 74 W. 
S. 86 W. 

N. 72 W. 
N.02 W. 
N.48 W. 
N.40 W. 
N.27 W. 

N. a2 w. 

.&.,.---_. - 

10.2 
10.1 
12. 7 
12 0 
13.4 
11.7 
15. 1 
10.3 
17. 6 
10.9 
18. 7 
18.0 
20.8 
21.3 
18. 5 
20.4 
14.0 

-..- I ,. . . j , '  -c ---.--,5 
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N.49 W. 
N. 52 W. 

16 

12.4 
10.8 

TABLE .5.-Average free-air winds, m. p .  8., for different surjace direction-Continued 

(Figures in direction column represent degrees) 

GROUP 3 
SUMMER 

N. 25 E. 
N. 33 E. 
N. 59 E. 
N. 74 E. 
S. 70 E. 
9. 54 E. 
S. 12 E. s. e w. 
8. 32 W. 
S. 46 W. s. e2 w. 
5. 73 w. 
N.78 W. 
N.62 W. 
N.41 W. 
N.14 W. 
N.68 W. 

Altitude, meters 

7. I 
7.0 
7.0 
8. 3 
7. 1 
7. 1 
5.7 

10.5 
11.1 
11.8 
10.1 
8.1 
9.4 
8.3 
7.3 
7.1 
4.5 

Surface I 260 I 500 

7.7 
8.2 
7.5 
8.7 
7.8 
8.5 
7.4 

12.2 
13.5 
14.8 
12.4 
9.3 

10.9 
9.9 
8.2 
7.2 

11.8 

N. 2 W. 
N. 27 E. 
N.42 E. 
N.79 E. 
6. 38 E. 
8. 4 w. s. 35 w. 
6. 3R w. s. 64 w. 
6. 72 W. 
S. 80 W. 
N. 78 W. 
N. 65 W. 
N.  57 W. 
N. 38 W. 
N.31 W. 
N.89 W. 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - -  
N.06 W. 

N.68 W. 
___________.--_------ 

23.0 

21.9 

N. 48 W. 
N.  51 W. 
N.86 R. 

18.3 
10.8 
17.2 

N. 2 E. 
N. 15 E. 
N.41 E. 
N.  74 E. 
8. 84 E. 
S. 22 E. 
6. 10 W. 
8. 33 w. 
s. 42 w. 
6. 6G W. 
S. 74 W. 
N.  88 W. 
N. 74 W. 
N . 6 0 W .  
N.'39 W. 
N.28 W. 
N. 77 W. 

7.9 
6.9 
5.9 
7.0 
e. 5 
7.4 
6.8 

10.1 
11.0 
14.2 
14.6 
11.6 
10.3 
10.8 
0.0 
8 .5  
7.4 

N.28 W. 
N.22 W. 
N. 19 W. 
N. 23 E. 
N.32 W. 
S. 32 W. 
S. 30 W. 
8. oa w. 
S. 63 W. 
9. 70 W. 
8. 87 W. 
N.  79 W. 
N. 07 W. 
N . 6 6 W .  
N.E4 W. 
N.40 W. 
N.gO W. 

10.5 
9.4 
8.4 
6.3 
7.8 
7.0 
8.2 

12.e 
12.6 
15.4 
14.1 
14.0 
14.2 
13.4 
13.2 
14.3 
10.2 

N.48 W. 

.N. 55 W. 
N.67 W. 
N. 64 W. 
N.GO W. 
6. 87 w. 
9. 87 W. 
S. 83 W. 
N.89 W. 
N.G7 W. 
N. 68 W. 
N.  60 W. 
N. 63 W. 
N.50 W. 
N. 81 W. 

N. 32 W. 

N.80 W. 

16.1 

12.3 

11.8 
14.4 
12.1 
17.0 
16.0 
17.5 

19.0 
10.0 
21.2 
18.5 
21.6 
14.4 

13.8 

8.8 

18.0 

6.8 
6.7 
5.4 
7.3 
G.4 
7.1 
5.7 
8.1 
8.9 

10.0 
9.5 
8.7 
7.9 
8.2 
7.0 
6.9 
3.0 

N. 5 E. 
N.  37 E. 
N. 57 E. 
N.87 E. 
6. 68 E. s. 33 E. 
S. 11 E. 
6. 16 W 
S. 32 W 
8. 44 w 
S. 63 W 
8. 81 w 
N. 79 W 
N. 62 W 
N.42 W 
N. 17 W 
N.86 W 

N. 413 W. 

N.05 N.69 W. W. 
N .49W.  
9. 57 W. 
N.  74 W. 
N. 84 W. 
N.73 W. s. 86 w. 
N.86 W. 
N.48 W. 
N.64 W. 
N.  50 W. 
N,L3 W. 
N.34 W .  
N.41 W. 

N.31 W. 
10.0 

17.0 14.2 
lG.0 
19.5 
14.9 
19.6 
18.4 
20.4 
21.5 
17.5 
24.2 
26.2 
2 2 8  
21.6 
17.7 

18.2 

4,000 8,000 
___ 
Direction 

N. 32 W. 
N. 3 W .  
N. 15 E. 
N. 68 E. 
N. 42 E. 
S. 14 E. 
8. 31 E. 
N.88 W. 
8. 62 W. s. e4 w. 
9. 72 W. 
N. 84 W. 
N.67 W. 
N.61 W. 
N.  51 W. 
N.58 W. 
N.  47 W. 

Direction Velocity Direction Velocity 
-___-- I l l  Direction I Velocity I Direction Velocity Direction 

-___ 
Velocity 

8.9 e. 4 
5.2 
4. 6 
e. 5 
2.7 
5. 8 

12.9 
8. 1 
8.4 

10.0 
9. e 
9.9 
8.0 
9.4 

11. 1 
4.9 

Velocity Direction Velocity 

e. 1 
6. 1 
5. 3 
6.4 
6.0 
5. 5 
5. 1 
4.6 
6.6 
8.7 
9. 1 
9. 5 
7. 5 
7.8 
5. 4 e. 4 
3.8 

N.46 W. 11.8 
N.39 W. 13.2 
N.43 W. 7.5 
N.47 W.1 ;3; 
N. 50 E. 

N. 56 W. 16.2 

N. 73 W. 10.3 
_ _ _ _ _ _ _ _ _ _ _  __ -_-_- - - -  
. . . . . . . . . . . . . . . . . . . . .  
N. 68 E. I 9.0 

6. 9 
5.9 
5. 7 
6. 3 
6.3 
3.4 
4.8 e. 9 
7.3 
7.9 
9.4 
9.8 
8.0 
8. e 
5.7 
e. 5 
4.3 

______.___________--- 
N.71 W.1 lG.2 
N.45 W. 14.3 

WINT R 
- 

3. e 
4.0 
4.0 
4.3 
4. 1 
4.2 
3.9 
4.9 
4. 5 
5.7 
6.2 
5.3 
5.7 
5. 1 
4. 5 
4.2 
0.0 

9.0 
9.8 
7.9 
e. 7 e. 9 

13.0 
8.8 

14.2 
14.6 
24.2 
15.4 
12. e 
13. 5 
13.0 
10.4 
9. 5 

13.2 

N .65W.I  21.81 _ _ _ _ _ _ _ _ _ _ _  1 _ _ _ _ _ _ _ _ _ -  N.50 W. 
N.25 W. 
N.G1 W. 
N. 66 W. 
N.89 W. s. 39 w. 
9. e5 w. 
S. 70 W. s. 79 w. 
W. 
N.83 W. 
N. 76 W. 
N.ii7 W. 
N. 68 W. 
N.51 W. 

N.G2 W. 
- - - - - - - - - 

12.0 
13.2 
14.2 
8. 1 
9.2 

14.4 
10. 7 
17. 1 
16. 6 
27.0 
18. 5 
15.7 
18.9 
16.8 
14. 6 

17. 5 
. - - - - - - - -. 

N. 16 E. 
N. 38 E. 
N. 86 IC. 
N.88 E. 
S. 11 E. 
S. 29 E. s. 2 w .  s. 19 w. s. 46 w. s. 57 w. 
S. 69 W. 
8. 80 w. 
N.74 W. 
N. e2 w. 
N. 39 W. 
N.  13 W. 
N.87 W. 

I 

ANNUAL 

N. 7 E. 
N.  34 E. 
N.  64 E. 
N.81 E. 
5. 83 E. 
S. M) E. 
6 .  24 E. s. 2 w. 
6. 22 w. 
S. 40 W. 
9. 5 8 w .  
6. 70 w. 
N.81 W. 
N. 63 W. 
N.38 W. 
N.22 W. 
N.88 W. 

7.4 
7.0 
5.9 
7.6 
e. 8 
7.4 
e. 4 
9. 2 

10.4 
11. 7 
11.2 
10. 1 
9.0 
9.4 
7.8 
7. 5 
6.4 
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TABLE &-Average free-air winds, m. p .  s., for different surface direcfions-Continued 

(Figures in direction columns represent degrees) 

GROUP 4 

N. 6 E. 
N.21 E. 
N. 42 E. 
N.63 E. 
N. 68 E. 
9. 50 E. 
9. 31 W 
9. 25 w. 
9. 40 W. 
9. 01 w. 
S. 73 W. 
N.89 W. 
N.71 W. 
N.07 W. 
N.39 W. 
N.29 W. 
N.51 W. 
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7.4 
0.0 
0.5 
0.4 
0.3 
5.9 
5.7 
7.2 
7.4 
7.8 
8.0 
7.4 
8.7 
8.0 
8.7 
7.0 
5.4 

SUMMER 

Altitude, meters 

0.4 
0.0 
8.4 
0.1 
7.2 
5.5 
7.0 
0.1 
9.2 

10.1 
12.3 
12.5 
11.7 
12.4 
11.4 
10.0 
6.2 

Surface 

N . l l  W. 
N.  23 E. 
N. 70 E. 
9. 37 w. 
s. 23 w. 
8. 17 W. 
9. 42 w. 
8. 00 w. s. 02 w. 
S. 78 W. 
N. 88 W. 
N. 77 W. 
N.07 W. 
N. 64 W. 
N.48 W. 
N. 32 W. 
S. 87 W. 

250 I 500 

N.30 W. 
N.31 W. 
N.55 W. 
N. 84 W. 
N. 80 W. 
N.81 W. 
N.81 W. 
S. 72 W. 
5. 77 w. 
W. 
N. 85 W. 
N.81 W. 
N.75 W. 
N. 02 W. 
N. 57 W. 
N.  59 W. 
N.85 W. 

12.7 
10.0 
0.8 

10.2 
10.8 
10.0 
15.1 
16.0 
10.2 
16. 1 
18.4 
10.0 
18.1 
18.7 
18.2 
15.0 
11.5 

N.  5 E .  
N. 28 E. 
N.W E .  
N.  70 E. 
8. 78 E. 
8. 68 E. s. 22 E. 
8.  
9. 17 W. 
8. 31 W .  
9. 50 W, 
8. 81 w. 
N.70 W. 
N.00 W. 
N.41 W. 
N.22 W. 
W. 

7.4 
6.4 
0. 7 
5.5 
5.8 

' 5.0 
5.0 
6.0 
7.5 
8.0 
8.4 
8.2 
8.8 
8.8 
8.8 
7.6 
4. a 

N.32 W. 
N.45 W. 
N. 25 W. 
S. 70 W. 
N. 72 W. 
N.89 W. 
N. 77 W. 
S. W. 85 W. 

N.83 W. 
N.88W.  
N. 77 W. 
N .07W.  
N. 72 W. 
N .00W.  
N.57 W. 
N.M W. 

16.1 
12.7 
13.0 
12.0 
12.0 
12.8 
12.8 

10.5 16. 0 
17.3 
17.6 
20.1 
10.7 
21.2 
10.0 
10.0 
14.0 

N.24 W. 
N.17 W. 
N.21 W. 
N.31 W. 
N.37 W. 
8. 35 w. 
N.80 W. s. 64 w. 
6. 77 w. 
6. 85 W. 
N.88 W. 
N.82 W. 
N.69 W. 
N.04 W. 
N.48 W .  
N. 44 W. 
N.02 W. 

10.8 
0.0 
0.0 
8.6 
8.0 
9.0 

10.1 
11.2 
12.0 
12.0 
12.9 
13.8 
14.1 
16.0 
13.9 
12.2 
9.8 

N.40 W. 
N. 00 W. 
N.48 W. 
N.80 W. 
N. 81 W. 
N. 60 W. 
N.84 W. 
N.  87 W. 
N.86 W. 
9. 87 w. 
N.06 W .  
N.47 W. 
N.67 W. 
N.52 W. 

N.45 N.06 W. W. 
N.38 W. 

21.0 
12.9 
15.8 
18.2 
15.2 
18.2 
15.0 
21.1 
20.4 
21.1 
20.7 
15.3 
25.8 
26.4 

24.7 23.3 
18.8 

-- 
Velocity Direction I - 

Velocity 
I I 

Direction Velocity I Direction Velocity 1 Direction I Velocity Direction Velocity 

9.1 
0. 2 
7. 0 
0.8 
0.0 
5.3 
7. 1 
8.5 
8.4 
8.9 
9.7 
Q. 0 
9.8 

10.2 
10.4 
Q. 7 
8.0 

Direction 

7.4 
0. 3 
0.8 
0. 1 
6. 4 
5.2 
5.3 
7.0 
0.7 
7.8 
8. 5 
7. 5 
8.3 
8.4 
8.0 
7.0 
4.7 

11.5 N. 57 W. 14.1 
8.4 _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
8.8 N. 82 W. 11.1 

10.0 - - - - _ _ _ - - _ _  ~ _ _ _ _ _ _ _ _ -  
8.3 1 S. 37 W. 1 Q.3 

N. 10 E. 
N. 20 E. 
N. 47 E. 
N. 09 E. 
N. 87 E. 
6. 00 E. 
9. 27 E. 
9. 3 w .  
s. 11 w. 
6. 35 w. 
6. 5 3 w .  

N.77 W. 
N.63 W. 
N.  37 W. 
N.22 W. 
N. 75 W. 

s. a? w. 

. - - - - - - - 
11.1 
12.5 
12.5 
11.0 
13.9 
15. 3 
13.9 
13.2 
10. 7 

WINTER 

I 
- 

10.3 
9. 1 
8.0 
0.0 
7. 7 
0.2 

10.1 
11.7 
12.2 
12.3 
14.2 
15.2 
13.0 
14.5 
13.4 
11.4 
8.5 

7.0 
8.1 
7.0 
5. 5 
0. 1 
4.8 
0. 2 
0.8 
7.3 
8.0 
0.0 

10.0 
0.8 

10.4 
0.0 
8. 1 
4.4 

N. 50 W. 
N.74 W. 
N.43 W. 
N.80 W. 
N. 76 W. 
- _  

I 

1- 

ANNUAL 
- 

I I 
8.8 
7.2 
7.0 
0.8 
0.0 
7.0 
7.6 
8.8 

10.1 
10.0 
11.0 
11.1 
11.3 
11. 0 
11.2 
0.0 
0.9 

1 . 
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8.5 
7.9 
9.0 
7.2 
8.6 
7.2 
8.6 
9.4 

12.2 
14.0 
12.9 
12.3 
11.7 
9.3 

10.0 
10.8 
7.0 

SUPPLEMENT NO. 26 

TABLE 5.-Average free-air winds, m. p .  s., for different surface directions-Continued 

N. 27 W. 
N. 18 W. 
N. 20 E. 
9. 14 W. 
9. 32 W. 
S. 8 W. 
S. 54 W. 
6 .  59 w. 
S. 59 W. 
S. 69 W. s. 87 w. 
N. 82 W. 
N. GQ W. 
N.51 W. 
N. 50 W. 
N. 33 W. 
N. 78 W. 

(Figures in direction columns represent degrees) 

GROUP 5 
SUMMER 

N. 67 W. 
N.71 W. 
N.5GW. 
N.79 W. w. 
N.86 W. 
...._.____ 

Altitude, meters 

20.8 _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ -  
20.9 . . . . . . . . . . . . . . . . . . . . .  
15.9 __.__________________ 
17.1 _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _  _ _ _  
10.6 N.83 W. 24.1 

20.3 _ _ _ _ _ _ _ _  ~ _ _ _ _ _ _ _  _ _ _ _ _  ___________________.___________ 

Surface 

7.9 
7.7 

10.3 
11.8 
14.7 
16.6 
15.0 
14.3 
12.9 
10.6 
11.3 
11.9 
9.4 

250 

s. 83 w. s. 63 w. 
S. 82 W. 
9. 77 w. 
S. 76 W. 
5. 85 W. 
W 
N.77 W. 
N. 68 W. 
N. 71 W. 
N. GO W. 
N. 54 W. w. 

500 

_____________ .  
S. 87 W. 
N.79 W. 
N. 82 W. 
N.83 W. 
N. 70 W. 
N. 75 W. 
N. Gtl W. 
N. 74 W. 
N. 86 W. 

N. GI W. 
N. 73 W. 
N. 53 W. 
N. 82 W. 
N. 72 W. 
9. 75 w. s. 62 w. s. 88 w. 
N. 81 W. 
S. 71 W. 
N.82 W. 
N. 73 W. 
N. 70 W. 
N. 55 W. 
N. GO W. 
N.83 W. 
N.80 W. 

20.G 
16.5 
18.7 
18.7 
15.2 
16. 2 
20.8 
19.4 
20.0 
16.7 
20.0 
18.2 

. 20.6 
22.2 
22.3 
23.6 
15.2 

2,OOO I 4,000 6,000 

Direction Direction Velocity I Direction Velocity Direction Velocity Direction Velocity 

I- 
7. 1 
8. 1 
7.4 
6.2 
5. 6 
5.4 
5.8 
7.3 
7. 9 
8.1 
7.4 
7. e 
5.8 
5. 5 
5. 7 
6. 7 
4. e 

7.8 
8.7 
7.7 
e. 1 
5.8 
5.2 
6.7 
7.8 
9. 1 
9.2 
8.4 
8.9 
e. 6 
5.9 
6. 2 
7. 4 
5.6 

8. 5 
8. b 
8.0 
5. Q 
5.8 
e. 0 
6. 3 
7.4 
8.5 
8.8 
8. 1 
8. 5 
7.2 
e. 7 
5.8 
7.2 
6.3 

11. 6 
8. 7 

10. 2 
10.0 
7. 8 
9.0 
7.2 
6. 8 

10.7 
10.4 
12.0 
11.8 
11. 6 
14.8 
11.7 _ _ _ _ _ _  - - _ _ _ -  

8.7 N. 78 W. 
7.2 N. 67 W. 
7.8 N. 36 W. 
7.0 N. 35 W. 
6.1 N.62 W. 
6.6 N. 63 W. 
7.2 S. 12 W. 
6.9 N. 85 W. 
8.3 S. 59 W. 
8.5 N. 88 W. 
9.2 N. 50 W. 
8.9 N. 75 W. 
9.2 N. 81 W. 

11.5 N. 65 W. 
9.8 N. 44 W. 

10.2 _________._ .. 
4.5 

.__________ _ _ _ _ _ _ _  _ _  
8. 67 W. 11.8 
N. 61 W. 13.9 

N.52 W. 9. e 
s. 76 w. 11.0 

_ _ _ _ _ _ _ _ _ -  
~ _ _ _ _  _ _ _ _ _  

s. 80 w. 11.3 
8. 47 w. 12.2 
N. 65 W. 12.1 
N. 65 W. 13.1 
N.  74 W. 12.1 _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ -  

_ _ _ _ _ _ _ _ _ -  

WINTER 

13. 6 
11.1 
10.4 
10.0 
1L 4 
10.9 
12.9 
16. 5 
18. 6 
20.0 
19.4 
19.4 
17.3 
10. 0 
15. 6 
16. 1 
11.9 

N. 4 E. 
N. 36 E. 
N. 49 E. 
N. 79 E. 
S. 74 E. 
8. 01 E. 
S. 19 E. 
S. 10 W. 
s. 28 w. s. 45 w. s. 63 w. s. 78 w. 
N.78 W. 
N.55 W. 
N.34 W. 
N. 18 W. 
N. 74 W. 

n. 3 
7.5 
8.2 
6. 5 
6. 7 
e. 8 
7.5 
8.0 
9.4 

11.3 
10.4 
10.2 
9.8 
8.4 
8.4 
8.9 
5.8 

N. 1 E. 
N .  37 E. 
N. 48 E. 
N. 85 E. 
S. 49 E. 

s. 11 w. 
D. 33 w. s. 42 w. s. 54 w. 
S. 70 W. 
S. 98 W. 
N.74 W. 
N.55 W. 
N.36 W. 
N. 20 W. s. 74 w. 

s. 3n E. 

I ' .- I 

ANNUAL 

5.8 
5.2 
5.0 
4.3 
4.1 
4.0 
3.7 
3.9 
4.6 
4.5 
4. 5 
4.4 
4.2 
4.2 
4.4 
5. 5 
0.0 

8.0 
8. 1 
7.4 
0. 7 
e. 2 
e. 9 
6. 8 
7.9 
Q. 2 
9.8 
9.0 
8. 8 

7. Q 
7.5 
8.2 
4. 6 

n. o 

8.7 
8.7 
8.0 
6.8 
6.4 
7.0 
7.6 
8.3 

11. 2 
11. 5 
10. G 
10.2 
9.3 
8. 5 
8.6 
9. 2 
5.8 

9. 1 
8. 1 
8.9 
6. 6 
7.0 
7.4 
8.2 
8.9 
9. 2 

12.1 
11.0 
10.7 
9.9 
9.4 
9.0 
9.7 
0. 7 

- L  

11.4 
9. 9 
9.9 
8.3 
8. Q 
8. 5 

10.2 
10. 5 
13.0 
13.3 
12. 6 
13.0 
13.2 
12.8 
12. 5 
12.8 
7. 7 

N.71 W. 
N. 58 W. 
N. 38 W. 
N. 56 W. 
N. 70 W. 
W. 
S. 86 W. s. 89 w. s. 79 W. 
N. 87 W. 
N. 77 w. 
N. 77 W. 
N .  80 W. 
N. 56 W. 
N.59 W. 
N. 49 W. 
N.77 W. 

N. 11 W. 
N. 12 W. 
N. 28 E. 
N. 75 E. 
S. 8 W. 
5. 2 w .  s. 10 w. 
9. 29 W. 
S. 50 W. 
8. a! w. 
5. 80 w. 
N. 89 W. 
N.74 W. 
N. 54 W. 
N. 38 W. 
N. 24 W. 
N.21, W. 

N.48 W. 
N. 37 W. 
N. 23 W. 
N. 40 W. 

s. 89 w. 
s. 57 w. s. 59 w. 
S. 72 W. 
9. 79 w. 
W. 
N. 82 W. 
N. 69 W. 
N.01 W. 
N.53 W. 
N.45 W. 
N. OR W. 

N. 6n w. 
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TABLEI 5.-Average free-air winds, m. p .  s., for different surface directions-Continued 

N. 7 W. 
N.31 E. 
N. 52 E. 
N. 68 E. 
E. 
S. 59 E. 
S. 22 E. 
8. 9 E. 
8. 21 W. 
S. 41 W. 
6.  64 w. 
S. 70 W. 
N.79 W. 
N.64 W. 
N.29 W. 
N.22 W. 
8. 81 w. 
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3.8 
3.7 
6.5 
6.2 
6. 1 
5.5 
5.2 
6.2 
6.1 
4.8 
4.8 
4.8 
5.4 
5.0 
6.1 
4.4 
3.9 

(Figures in direction oolumns represent degrees) 

GROUP 6 
SUMMER 

Altitude, meters 

7.2 
6.8 
8.2 
7.6 
9.8 
8.0 
9.3 

12.5 
8.5 

11.7 
8.5 
8.6 
8.7 
8.0 
8.3 
9.1 
5.5 

Surface 

N .  8 W. 
N.44 W. 
N. 52 E. 
S. 21 E. 
6.  17 E. 
8. 15 E. 
8. 30 W. s. 29 w. s. 45 w. 
9. 62 W. s. 80 w. 
9. 88 W. 
N .75W.  
N.00 W. 
N.43 W. 
N.27 W. 
N.77 W. 

N .  5 W. 
N. 36 E. 
N. 66 E. 
N. 86 E. 
6. 72 E. 
S. 47 E. 
S. 13 E. 
8. 5 E. 
8. 18 W. 
9. 49 w. 
9. W W .  
8. 77 w. 
N.79 W. 
N.61 W. 
N.44 W. 
N.22 W. 

6.2 
6.2 
7.5 
7.0 
7.7 
6.8 
8.3 
8. 5 
8.7 
7.4 
7.6 
7.2 
7.1 
7.2 
7.2 
7.1 

N. 2 E. 
N. 34 E. 
N.58 E. 
N.80 E. 
8. 80 E. 
9. 58 E. 
S. 22 E. 
5. 12 E. 
8. 12 w. 
9. 38 W. 
9. 61 W. 
8. 76 W. 
N.80 W. 
N.63 W. 
N.40 W. 
N .20W.  
N.37 W. 

5.7 
6.0 
6.4 
6.4 
6.5 
6.2 
7.0 
7.4 
7.3 
6.2 
6.2 
6.2 
6.3 
6.3 
6.4 
6.2 
4.0 

9.0 
7.6 
7.8 
6.1 
7.9 
6.9 
9.3 
8.3 

10.9 
10.1 

12.0 

12.0 
12.1 

6.4 

10.5 

10.9 

10.4 

N.45 W. 12.9 
N.31 W. 9.9 
N.42 W. 11.7 
N.49 W. 8.0 
9. 86 W. 9.5 
S. 42W. 8.9 
S. 43 W. 11.6 
8. 51 W. 10.5 
S. 66 W. 14.3 
9. 07 W. 12.1 

N. 67 W. 14.0 

N.59 W. 15.2 
N. 44 W. 20.0 

N . 7 2 W .  11.1 

N . S ~ W .  13.0 

N .65W.  15.6 

N.48 W.  14.6 

N.81 W. 
N. 4 W. 
N.66 W. 
N. 57 W. 
N. 75 W. 
8. 59 W. 
S. 48 W. 
S. 8 E. 
N.86 W. 
S. 83 W .  
N. 80 W. 
N. 77 W. 
N.43 W. 
N.53 W. 
N.50 W. 
N .41W.  
N.72 W. 

15.9 
12.9 
16.5 
10.7 
11.7 
13.1 
15.4 
13.1 
16.0 
14.Q 
14.8 
10.6 
17.3 
17.6 
21.6 
19.4 
13.9 

260 Mx) 1,m 

Direction 

___ 
Jelocity 

___ 
Velocity 

3.6 
3.0 
6.7 
7.4 
7. 1 
6. 1 
6.3 
6.6 
7. 4 
4.9 
6.5 
6.1 
6. 1 
5.9 
5.4 
4.7 
4.7 

Direction Velocity 
-___ 

Direction Direction Velocity Direction Velocity --/i-l- N.15W. 7.1 _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Direction 

N.34 W. 
N.20 E. 
N. 68 E. 
N. 65 E. 
S. 88 E. 
S. 41 E. 
9. 15 E. 
5. 5 E. 
6. 22 w. s. 52 w. 
5. 73 w. 
9. 72 w, 
N. 82 W.  
N. 70 W. 
N.65 W. 
N.26 W. s. 75 w. 

Velocity 

4.3 
4.3 
6.8 
8. 1 
9.6 
6.2 
6.6 
6.2 
7. 6 
6. 5 
6.3 
6.5 
6.3 
5. 6 
6.2 
4.7 
5.4 

9. 50 W. 7.3 8.4 N.75 W. 
5. 52 W. 6.2 S. 76 W. 6. F. 
N.86 W. 6.0 N.57 W. 5.7 
N. 76 W. 6.4 _ _ _ _ _ _  ~ _ _ _ _  _ _ _ _ _ _ _ _ _ _  
N.33 W. 7.1 N.18 E. 7.8 
N. 53 W. 5.6 N.49 W. 5.9 

WINTER 

6.3 
6. 6 
6. 7 
7.4 
7. 5 
0.9 
8.0 
9.9 
0.7 
9.7 
7. 0 
7.4 
7.5 
6.9 
7.3 
7.3 
4.3 

N.78 W. 
N. 43 W. 
N. 76 W. 
N.81 W. 

6. 72 w. s. 59 w. 
S. 87 W. 

N. 80 W. 

N. 78 W. 
N.68 W. 
N.72 W. 
N. 08 w. 
N. 07 W.  

- _ _  __-__-. 

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

N.38 W. 
N.33 W. 
N. 60 W. s. 44 w. s. 28 w. s. 18 w. 
9. 38 W. 

S. 76 W. 

N.83 W. 
S. 86 W. 
N.77 W.  
N.65 W. 
N.59 W 
N.49 W 
N. 75 W 

- - - -. . - - 
s. a? w. 

11.9 
7. 1 
8.2 
5. 5 
7. 7 
8.6 

10. 6 

N. 
N. 30 E. 
N. 69 E. 
E. 
9. 75 E. 
8. 42 E. 
9. 12 E .  
6. 6 E. 
6. 7 w. 
S. 36 W. 
9. 62 W. 
6. 74 w. 
N. 85 W. 
N.60 W. 
N. 37 W. 
N.21 W. 
N.52 W. 

.__-_- __. 
13. 1 
16.4 
14.4 
16.8 
15.9 
18. 5 
14. 1 
14.0 
8.4 

ANNUAL 

2.8 
3.1 
2.8 
3.6 
3. 7 
3.1 
3. 1 
3.7 
3. 5 
3.6 
3.4 
3.6 
3. 5 
4.2 
3.8 
3.6 
0. Q 

6.8 
6. 5 
7.3 
6.3 
8.2 
0.7 
8.8 
8.6 
9. 7 
8.8 
8. 6 
8.2 
8.4 
8.4 
8.8 
7. 6 
5.8 

N.36 W. 
N. 12 W. 
N. 2 W .  
S. 70 E. 
S. M E. 
8. 12 E. s. 10 w. 
8. 3 w .  
9. 48 W. 
8. 72 w. 
S. 87 W. 
8. 88 w. 
N. 81 W. 
N.64 W. 
N. 59 W. 
N.33 W. 
5. 84 W. 
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TABLE &-Average free-air winds, rn. p. s., for diferent surface directions-Continued 
(Figures in direction columns represent degrees) 

GROUP 7 
SUMMER 

N. 2 E. 
N.53 E.  
N. 64 E.  
N. 74 E. 
S. 8 3 E .  
5. 68E.  
9. 5 3 E .  
S. 32 E. 
5. 2 E .  
S. 29 W. 
5. 45 w. 
S . 6 4 W .  
S. 79 W. 
N.60 W. 
N.56 W. 
N.51 W. 
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6.0 
6.5 
5.2 
7.3 
7.4 
7.9 
6.2 
5.4 
6. 2 
6.0 
7.0 
6.4 
5.8 
6.5 
5.2 
5.6 

Altitude, meters 

N. 3 E. 
N.  53 E. 
N.  78 E .  
N. 82 E. 
5. 79 E. 

5. 57 E. 
6. 41 E. 
5. 1 W. 
S. 29 W. 
S. 47 W. 
S. 68 W. 
S. 85 W. 
N.56 W. 
N.69 W. 
N.65 W. 

8. 68 E. 

Surface 

6.3 
7. 2 
5. 6 
7.5 
7.4 

6.2 
5.4 
6.6 
6.4 
6.6 
6.6 
6.6 
7.1 
6.0 
6.0 

a 2  

N. 9 W. 
N. 62 E .  
N. 74 E .  
6. 80 E.  
6. 74 E.  
8. 69 E.  
5. 61 E.  
S. 63 E. 
6. 11 w. 
S. 50 W. s. 73 w. 
S. 85 W. 
N.86 W. 

6.4 
7.9 
5.1 
7.0 
7. 7 
7. 5 
6.0 
5.4 
5.7 
5.6 
5.7 
6.4 
6.4 

N.51 W. 
N.26 W. 
N.76 W. 
S. 57 E .  
5. 5 E. 
S. 24 E.  
5. 5 E .  

9.3 
5.1 
6.2 
8. 7 
7.0 
7.9 
a9 

N.28W. 
S. 52 E. 
5. 82 E. 
S. M E .  
5. 46 E. 
S. 37 E. 
S. 6 E. 

7.5 
. 5.9 

7.5 
8.9 
8.0 
9. 7 
8.8 

N. 80 W. 
S. 85 W. 
N.84 W. 
5. 72 w. 
5. 57 W. 
6. 32 w. 
8. 29 w. 

14.2 
8.9 
9.5 
9.0 
8.5 
9.4 
9.5 

_ _ _ - _ _ _ - _ _ _ _ _ _ _ _ _ - - - -  
~ . 7 2  w. 
N.80 W. 
8. 89 W. 
9. 59 W. 
8. 80 W. 

ia.4 
13.5 
16.1 
14.4 
12.8 

N.37 W. 
5. 87 W. 
N.83 W. 
N. 46 E. 
9. 71 W. 
5. 24 E.  
8. 10 E .  
5. 35 W. 
S. 67 W. 
6. 79 W. 
N.76 W. 
5. 82 W. 

W. 
N. 29 W. 
N.60 W. 

N.34 w. 

10.7 
7.2 
8.4 
8. 2 
7.0 
7.7 
7. 3 
7.8 

10.1 
9.6 
8.7 
9.5 

13. 1 
15.3 
10.1 

10.1 

N.16 W. 
N.  22 E .  
N. 22 E. 
9. 75 E. 
S. 71 E. 
6. 55 E. 
6 .  47 E. 
5. 27 E. 
5. 59 w. 
S. 61 W. 
N.57 W. 
S. 88 W. 
N. 71 W. 
N. 75 W. 
N. 63 W. 
N.45 W. 

8.0 
6.4 
6.5 
7.1 
6.5 
6.7 
6. 2 
7. 7 
7.3 
6.6 
7.8 
8.4 

10.1 
11.4 
11.7 
8.0 

N. 4 E. 
N. 50 E. 
N.  73 E. 
5. 89 E. 
S. 68 E. 
5. 62 E .  
5. 50 E .  
S. 26 E. 
S. 8 W. 
5. 25 W. 
5. 61 W. 
5. 80 W. 
N.86 W. 
N.59 W. 
N.52 W. 
N.35 W. 

7.6 
7. 5 
8.4 
8.9 
8.7 
9. 2 
7.8 
7.1 
7.0 
6.7 
7.8 
7.2 
7.7 
7.6 
8.6 
8.0 

N.51 W. 
W. 
N. 55 W. 

N.58 N.41 W. W. 
W. 
N.73 E. 
S. 63 W. 
5. 61 W. 
N.45 W. 
N.56 W. 

13.0 
10.5 
11.6 

11.1 11.4 
10.9 
9.8 

11.2 
12.4 
8.9 
9.5 

N. 5 E .  
N.26 E. 
N. 61 E .  
N.  78 E .  
5. 83 E. 
5. 65 E. 
S. 46 E. 
8. 28 E. 
6. 1 W. 
8. 27 W. 
5. 48 W. 
5. 69 W. 

N.59 W. 
N.62 W. 
N.32 W. 

s. 89 w. 

7.4 
7. 1 
8. 1 
8.8 
8. 1 
8. 7 
7. 5 
7. 1 
6. 2 
6.3 
7.6 
6.7 

7.0 
7.9 
7.5 

7.a 

N.13 W. 
N. 69 E. 
N. 81 E .  
S. 79 E .  
5. 66 E. 
6. 56 E. 
9. 42 E. 
S. 38 E .  
5. 17 W. 
S. 60 W. 
N.82 W. 
9. 83 w. 
N.73 W. 
N.62 W. 
N.41 W. 
N.47 W. 

7.4 
6.7 
6.8 
8. 2 
8. 1 
8.4 
7.0 
7. 6 
6.6 
6.5 
6.7 
7.3 
8.8 
9.5 
9.0 
7.7 

250 1,000 

Direction Velocity ~- I 
500 

Direction 1 Velocity Direction Velocity I Direction Velocity I Direction I Velocity I Direction I Velocity Direction Velocity 

N. 26 E.  6.3 

N. 13 E.  4. 5 

-c_ 

_ _ _ _ _ _ _ _ _ _  ____--..-- 

- - - - - _ - _ _ _ _ _ _ _ _ _ - _ -  
9. 19 E .  6.9 
5. 72 E .  5.8 
S. 82 E. 5.8 
S. 10 E.  4.0 
9. 47 W. 6.2 

_ _ _ _ _ _ _ _ _ - - - - - - - - - -  
S. 71 E. 6.9 
5. 71 E .  6. 1 
S. 77 E.  4.8 
S. 33 E. 5.5 
5. 35 w. 4.9 s. 43 w. 5.2 
6. 82 W. 5.8 
5. 89 W. 7.5 

_ _ _ _ _ _ _ _ -  
4.4 

E:7o w.1 5.9 

I--------- _ _  I--------- . - - - - - - - - - - I--------- 
W I N T E R  

7.8 
7.4 
9.1 
9.8 
9.0 

' 9.7 
9.5 
9.0 
9.0 
8.7 

10.9 
9. 1 

14.6 
11.7 
9.9 

10.8 

N.  4 E .  
N. 59 E .  
N. 79 E. 
S. 74 E. 
S. 35 E. 
5. 46 E. 
5. 35 E. s. 8 E. s. 27 w. s. 27 w. 
8. 75 w. 
S. 84 W. 
S. 81 W. 
N. 45 W. 
N.55 W. 
N.32 W. 

. - - - - - - - - - 

N. 4 E. 
N.49 E. 
N. 65 E.  
N.88 E. 
5. 8 4 E .  
6. M E .  
5. 36 E. 
5. 23 E. 
5. 6 W. 
5. 22 w. s. 57 w. 
9. 74 w. s. 86 w. 
N.40 W. 
N.49 W. 
N.31 W. 

8. 2 
7.0 
9. 0 

10.0 

9.0 

8. 1 
7. 6 

.8. 1 
9. 8 
8.7 

13.7 
7.4 

10.4 
10. 1 

a i  
a9 

- - - - - - - - 

_.______._-_._._-_- 
N.62 W. 13.5 
N. 51 W. 10.3 

N.SOW. 113.7 
N. 59 W. 12.9 

ANNUAL 

I - - - - - - - - -  . - - - - - - - - - - I - - - - - - - - -  . - - - - - - - - - - I - - - - - - - - -  _ _  _ _ _ _ -  I--------- _ _ _ _ _ _ _ _ - _  I 
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TABLB 6.-Average free-air winds, m. p.  s., for diferent surface directions-Continued 
(Figures in direotion columns represent degrees) 

GROUP 8 

SUMMER 

N.13 W. 
N. 2 E. 
N. 10 E. 
N. 73 E. 
N. 49 E. 
S. 14 E. 
S. 24 W. 
S. 17 W. 
8. 43 w. 
8. 36 W. 
S. 41 W. 

N.05 W. 
N. 13 E. 
N.54 W. 
N.34 W. 
S. 52 W. 

s. 78 w. 
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5.5 
5.8 
4.8 
7.3 
5.8 
5.5 
6.8 
6.8 
7.5 
7.6 
5.5 

7.7 
8.0 
6.8 
6.0 
4.7 

a 3  

Altitude, meters 

N. 9 E. 

N. 46 E. 
N. 85 E. 
6. 23 E. 
8. 2 w. 
6. I w. 
8. 19 W. 
8. 33 w. 
9. 44 w. 
9. 62 W. 
8. 89 w. 
N.72 W. 
N.39 W. 
N.37 W. 
N. 12 W. 
N.57 W. 

N. 30 E. 

Surface 

10.2 

8.4 
6.7 
7.5 
7.8 

10.0 
14.3 
12.9 
11.2 
10.7 
9.4 
9.9 
9.8 

10.9 
11.0 
9.9 

a 3  
N. 8 E .  
N. 21 E. 
N. 63 E. 
N. 78 E. 
9. 55 E. 
8. 29 E. 
8. 10 E. 
9. 4 w. 
8. 18 w. 
8. 35 w. 
6. 56 W. 
8. 81 w. 
N.73 W. 

N.34 W. 
N. 14 W. 
8. 21 w. 

N . ~ I  w. 

9.5 
7. 6 
7.0 
6. 2 
6. 8 
7.1 
8.3 

11.8 
10.7 
9.3 
8.7 
8.1 
8.3 

9.0 
9.8 
7.0 

a 9  

8.7 
7.7 
7.3 

6.1 
6.5 
9.2 

10.8 
10.9 
9.9 
8.8 
8.2 
8.9 
8.8 
7.9 
8.2 
6.8 

6.4 

N. 13 E. 
N.  43 E. 
N. 50 E. 

9. 58 E. 
6. 27 E. 
8. 5 E. 
8. 7 W. 
8. 23 w. 
6. 34 w. 
8. 58 W. 
5. 89 w. 
N. 86 W. 
N.44 W. 
N. 35 W. 
N. 16 W. 
9. 42 W. 

8. 88 E. 

N. 3 E. 
N. 34 E. 
N. 68 E. 
6. 82 E. 
6. 55 E. 
9. 15 E. 
8. 14 W. 
6. 22 w. 
8. 36 W. 
9. 39 w. 
6. 67 W. 
9. 89 w. 
N.75 W. 
N. 46 W. 
N. 48 W. 
N.18 W. 
9. 54 w. 

9. 1 
7.8 
7.0 
6.4 
7.3 
7.7 

10.0 
11.6 
12.6 
11.6 
11.0 
9.8 
9.8 

10.8 
10.1 
9.2 
7.6 

N.& w. 
N.56 W. 
N. 58 W. 
N.60 W. 
N. 52 W. 
9. 63 w. 
W. 
N.72 W. 
N. 59 W. 
N. 59 W. 
N. 46 W. 
N.54 W. 
N.50 W. 
N. 48 W. 
N. 50 W. 
N. 48 W. 
N.41 W. 

1 8 2  
17.1 
15.5 
16.1 
13.7 
12.0 
13.5 
13.5 
15.9 
15.6 
17.4 
18.7 
19.1 
24.6 
24.4 
19.6 
16.0 

260 500 2,000 

Direction I Velocity 

- 
relocity Direction 1 Velocity Direction Direction Direction Telocity Direction Velocity 

l- 
6. 2 
6. 5 
6. 2 
6. 8 
4.6 
5.4 
8.3 

9.9 
8.7 
8.1 
7.1 
5.1 
9.8 
4.3 
6.0 
6.8 

a 7  

6. 6 
6. 4 
6. 3 
7.7 
4.7 
5.9 

10.2 
10.2 
11.5 
10.4 

9.1 
5.5 

12.2 
4.0 
7. 2 
9.2 

a4 

6.0 
5.5 
5.2 
8.5 
5.9 
6.7 
8.1 
8.7 
9. 6 
8.0 
7.5 
7.4 
6.2 

11.7 
5.1 
6.0 
7.9 

WINT R 
- 
6. 4 
5.0 
4.7 
3.1 
2.9 
3.9 
4.1 
5.5 
6.5 
5.3 
5.0 
4.1 
4.9 
5.7 
6. 6 
5.9 
0.0 

10.9 
9. 1 
8.8 
5.3 
8. 8 
9.0 

10.1 
14. 4 
14.5 
12.4 

11.2 
11.0 
11.8 
12.8 
12.1 
9.9 

ia 5 

12 3 
9. 9 

10.3 
7. 2 

10.4 
9.7 

12.0 
14. 1 
14.8 
12 7 
19.4 
13.9 
14.9 
15. 1 
17. 1 
15.5 
11.7 

N. 71 W. 19.5 N. 04 W. 20.2 
N. 52 W. 16.1 N. 37 W. 21.3 

I N . 6 7 W . l  17.51 _ _ _ _ _ _ _ _ _ _  1 _ _ _ _ _ _ _ _ _ _  
. . . . . . . . . . . . . . . . . . . .  
9. 84 w. 10.5 
9. 73 w. 16.8 
W. 18.3 
N. 70 W. 15.7 
N.67 W. 23.9 
N.76 W. 18.5 
N. 50 W. 21.0 
N.74 W. 22.7 
N.47 W. 24.7 
N.78 W. 23.4 

ANNUAL 
- 

9.4 
8.0 
7.8 
6.8 
7. 1 
7.4 

10.9 
12. 4 
12.9 
11. 6 
9.7 
9.7 
9.0 

10.4 
9. 1 
9. I 
a9 

I 
10.0 
7.7 
7.2 
6. 7 
8.2 
8. 1 

10.2 
10.3 
11. 7 
11.0 
12. 7 
12.3 
12 4 
12.6 
12.8 
10.9 
7.8 

N. 56 W. 
N.60 W. 
N. 58 W. 
N. 79 W. 
N. 59 W. 
8. 16 w. 
W. 
W. 
9. 79 w. 
N.81 W. 
N.84 W. 
N. 62 W. 
N.41 W. 
N. 72 W. 
N.32 W. 
N. 88 W. 
N. 46 W. 

14.2 
12.5 
12.5 
12.4 
11.6 
11.7 
11.7 
11.3 
13.4 
12.2 
15.2 
16.7 
16. 1 
16.3 
18.5 
14.7 
13.4 

N. 11 E. 
N. 38 E. 
N. 57 E. 
N. 80 E. 
9. 68 E. 
8. 69 E. 
6. 16 E. 
S. 2 E. s. 12 w. 
S. 30 W. s. 54 w. 
8. 76 W. 
N.  85 W. 
N. 50 W. 
N.32 W. 
N.24 W. 
8. 20 w. 
__c_ 

I 
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3.5 
3.7 
3.3 
2.8 
3.5 
4.2 
3.6 
4.1 
3.9 
4.5 
3.5 
2.2 
2.6 
3.4 
3.6 
2.9 
0.0 

SUPPLEMENT NO. 26 

N. 6 E. 
N. 70 E. 
N. 72 E. 
S. 89 E. 
S. 65 E. 
6. 63 E. 
S. 35 E. 
S. 19 E. s. 8 w. s. 20 w. s. 37 w. 
5. 54 w. 
9. 78 W. 
N.83 W. 
N.51 W. 
N.70 W. 
S. 14 W. 

TABLE 5.-Average free-air winds, m. p .  s., for different surface directions-Continued 

(Figures in direction columns represent degrees) 

GROUP 9 

SUMMER 

4.9 
5.4 
4.6 
4.0 
5.4 
5.7 
5.2 
6.9 
6.0 
7.3 
6.4 
4.9 
5.2 
7.5 
5.7 
4.9 
3.6 

Altitude, meters 

1,000 I 2,000 

N. 12 E. 
N. 75 E. 
N. 78 E. 
6. 88 E. 
S. 56 E. 
S. 46 E. 
S. 28 E. 
S. 17 E. s. 1 w. 
S. 14 W. 
5. 37 W. 
9. 41 W. 
S. 64 W. 
N.70 W. 
N. 67 W. s. 83 w. 
8. 6 W. 

Surface 
250 I 500 

4.6 
5.7 
4.5 
4.5 
4.6 
5.5 
5 . 5  
6.2 
6.2 
7.0 
6.0 
3.5 
4.6 
5.3 
6.2 
4.3 
4.4 

4.000 I 6,000 

8. 73 w. 
N.43 E. 
N. 75 E. 
S. 33 E. 
9. 48 E. 
S. 42 E. 
S. 27 E. 
S. 6 E. s. 22 w. s. 10 w. 
S. 42 W. 
5. 40 W. 
S. 17 W. 
6. 42 W. 
N. 36 W. 
N. 13 E. 
S. 83 E. 

Direction 

4.3 
6.5 
5.9 
5.5 
6.4 
6.5 
6.3 
5.5 
6.1 
4.3 
4.9 

I Velocity I Direction 

_ _ _ - - _ - - - _ _ - - _  ~ - - - - - -  
N. 8 W. 5.9 

N. 56 E. 6.4 
9. 72 W. 8.8 
N.70 W. 8.0 

6.7 5. 12 w. 
S. 13 W. 6. 8 
N. 57 E. a s  
N. 48 E. 7.0 

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

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

Velocity Direction 

N _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _  
N N E  ................................ 
N E  .................................. 
ENE.---- . - - - - . - - - . - . - - -~-------- - - -  
E. ................................... 
ESE---. ............................. 
SE .................................. 
SSE _ _ _ _ _ _ _ _ _  ~ _ _ - - _ - - - _ _ _  _ _ - _  _ _ _ _  _ _ _ _  
9.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ _ _ _ _  
SSW ................................ sw.. ................................ wsw ............................... w _ _ _ _ _  ~ _ _ _ _ _ _ _  ~ -_------- - - - -  - - - -_ - - -  
WNW ............................... 
NW ................................. 
NNW ............................... 
Calm ................................ 

felocity 

~~ ~ ~~ 

4.7 
4.7 
4.1 
3.2 
3.9 
4.6 
3.8 
5.1 
5.4 
6.2 
5.0 
3.8 
5.1 
5.5 
4.8 
5.6 
0.0 

Directioh 

9.1 
6.6 
6.6 
5.6 
8.6 
7.7 
9.1 

10.7 
11.3 
11.2 
9.8 

10.0 
9.7 

11.6 
11.8 
10.3 
7.9 

felocity Direction 

N.46 W. 
N. 58 W. 
S. 62 W. 
N. 88 W. 
S. 33 W. s. 50 w. 
S. 52 W. 
S. 50 W. 
5. 55 W. s. 63 w. w. 
N. 62 W. 
N.61 W. 
N. 44 W. 
N.53 W. 
N. 35 W. 
9. 76 W. 

Direction 

7.7 
7.3 
9.0 
9.6 

10.4 
12.6 
11.5 
12.7 
11.5 
11.5 
12.6 
14.8 
14.1 
12.7 
10.5 

felocity Direction Velocity 1 .  I 

S. 70 W. 
N.84 W. s. 79 w. 
S. 71 W. s. 74 w. 
N. 73 W. 
S. 83 W. s. 84 w. 
N. 79 W. 
N.39 W. 
N. 56 W. 
N. 57 W. 
N. 58 W. 
N. 48 W. 

felocity 

16.1 
14.1 
14.9 
15.9 
18.3 
17.6 

5.1 
5.4 
5.1 
4.4 
5.4 
6.0 
5.6 
6. 8 
6. 4 
7.8 
7.0 
5. 1 
5.2 
6.8 
6.4 
4.6 
4.8 

_ _ _ _ _ _ _ _ _ _ -  -___ - - - - -  - 
9. 82 W. 18.7 
N. 66 W. 16.6 
N. 80 W. 17.6 . . . . . . . . . . . . . . . . . . . . .  
N. 52 W. 23.8 

N. 1 W. 
N. 80 E. 
S. 87 E. 
S. 80 E. 
S. 51 E. 
6. 40 E. 
S. 20 E. 
S. 9 E. 
8. 8 W .  
9. 15 W. 
9. 33 w. s. 29 w. s. 47 w. 
N.78 W. 
N. 84 W. s. 49 w. 
S. 15 E. 

7.6 
7.0 
6.5 
6.1 
6.4 
5.0 
7.1 
8.3 
8.2 
8.4 
7.6 
6.8 
7.9 
8.3 
7.9 
7.7 
4.0 

4.0 
6. 0 
5. 1 
4.8 
4. 6 
5.0 
5.0 
5.6 
5.9 
5.5 
4.8 
2.4 
3.6 
6.4 
6. 1 
4.4 
4.4 

N. 12 E. 
N. 48 E. 
N. 65 E. 
8. 88 E. 
S. 58 E. 
S. 42 E. 
S. 26 E. 
S. 16 E. 
8. 6 W. 
S. 26 W. 
8. 42 W. 
8. 64 W. 
N.81 W. 
N.63 W. 
N.46 W. 
N. 11 W. 
S. 16 E. 

N.75 W. 
S. 61 W. 
N. 62 E. 
N. 87 E. 
N. 17 E. 
6 .  48 w. s. 39 w. s. 22 w. 
S. 25 W. 
5. 65 W. 
S. 72 E. s. 22 w. 
N. 37 E. 

N. 
N. 88 E. 
N. 73 E. 

- - _ _  ~ _ _ _ _  

- 
N ................................... 
NNE ................................ 
N E  .................................. 
E N E  ................................ 
E .................................... 
ESE.. ............................... 
BE _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
SSE ................................. 
8 .................................... ssw ................................ 
8W .................................. 
WSN ................................ w ................................... 
WNW _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~ 

NW ................................. 
NNW -...........-....-----,-------- 
Calm. _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

4.5 
4.4 
3.9 
3.6 
3.7 
4.4 
4.3 
4.9 
6.1 
5.4 
4.3 
3.9 
4.2 
6.0 
4.4 
4.8 
0.0 

12.7 
11.3 
10.1 
9.4 

10.5 
9.1 

10.0 
11.3 
10.6 
12.4 
13.2 
12.8 
14.2 
20.0 
15.7 
16.1 
10.3 

N. 85 W. 
N. 28 W. 
N. 57 W .  
N. 9 W. 
N. 58 W. 
N.80 W. 
8. 87 w. 
N. 60 W. 
8. 77 W. 
9. 70 W. 
N. 60 W. 
N. 20 W. 
N.33 W. 
N. 11 W. 
N.54 W. 
N.38 W. w. 

N ................................... 
NNE---.-..------..---~------------- 
NE.-- .__ - - _ _ _  - _ _ _  - - - - - - - - - _ _  - - _ _  - - _ _  
E N E  ................................ 
E-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
ESE ................................. 
SE.- .... 2 ........................... 
SSE _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
8 - - - - - - - - - ssw ................................ sw .................................. wsw.-.--.-----.-.--.--~----------- w - - -. - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
WNW ............................... 
N W  ................................. 
NNW ............................... 
Calm. _ _ _ _  - - - - _ _  - _ _ _  - _ _  - - - - - - - - - - _ _  - - 

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

WINTER 

9.0 
7.2 
7.2 
5.9 
7.2 
7.0 
9.4 

10. 1 
10. 1 
10.2 
8. 6 
9.0 
8. 6 
9.3 
9.7 
9.0 
0.9 

- 
8. 1 
7.3 
6. 9 
6. 2 
0.8 
7. 1 
8.0 
9.2 
8.7 
9.3 
7.5 
8.2 
7.9 
8.2 
8.8 
8.4 
5.0 

N. 12 E. 
N.28 E. 
N. 58 E. 
N. 84 E. 
S. 68 E. 
S. 49 E. 
5. 30 E. 
5. 15 E. s. 7 w. 
6. 28 w. s. 45 w. 
S. 69 W. 
N.73 W. 
N.62 W. 
N.40 W. 
N. 14 W. s .16 w. 

N. 13 E. 
N. 34 E. 
N. 63 E. 
9. 81 E. 
S. 63 E. 
S. 34 E. 
S. 15 E. 
S. 16 E. 
S. 13 W. 
5. 33 w. s. 48 w. s. 80 w. 
N. 70 W. 
N.58 W. 
N.34 W. 
N. 12 W. 
S. 26 W. 

16.9 N. 9 E. 

ANNUAL - 
10.5 
14. 1 
14. 3 
11.5 
13.8 
13.3 
14.0 
13.3 
13.0 
16. 4 
16.3 
17. 1 
21.0 
21.1 
16.9 
17.1 
13.8 - 

I 
N. 10 E. 
N. 46 E. 
N.61 E.  
N. 82 E. 
5. 70 E. 
S .60 E. 
8. 34 E. 
9. 17 E. 
8. 4 w. 
8. 23 W. 
8. 40 W. 
9. 62 W. 
N.81 W. 
N.70 W. 
N.42 W. 
N.30 W. 
8. 

N.74 W. 
N. 60 W. 
N.57 W. 
N. 26 W. 
N.03 W. 
S. 52 W. 
8. 04 w. 
9. 74 w. 
8. 62 w. 
9. 75 w. 
N.66 W. 
8. 76 W. 
N.54 W. 
N.30 W. 
N. 24 W. 
N.46 W. 

N. 

8.2 
7. 5 
6 .8  
5.9 
7.0 
7.1 
8.1 
9.0 
8.9 

10.1 e. 7 
8.2 

10.8 
13.6 
10.4 
10.0 
7.6 
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Surface direction 

TABLE 6.-Average percentage frequency of cloekluise (cw.) and 
counterclockwise (ccw.) turning of winds from surface direction- 
Continued 

SOUTHERN STATIONS-GROUPS 5-9, INCLUSIVE 
SUMMER 

I 

250 

30 
20 
19 
28 
23 
19 
22 
24 
14 
19 
23 
34 
40 
19 
42 
44 

22 

Altitude, meters 

_ _  
41 
45 
56 
45 
54 
51 
68 
49 
00 
57 
50 
39 
38 
51 
37 
19 

49 

I 

03 
02 
58 
52 
47 
31 
31 
18 
12 
9 

10 
10 
18 
31 
43 
00 

Surface direction 260 l- 
20 
29 
28 
41 
42 
05 
71 
88 
82 
84 
77 
80 
80 
03 
39 
7 

Mw) I 1,000 

27 
12 
27 
38 
57 
75 
91 
92 

100 
100 
94 
91 
07 
32 
23 
0 

52 

2,Ooo 

__- 
07 
79 
70 
02 
40 
25 
9 
8 
0 
0 
4 
5 
7 

20 
51 
91 

34 

4,000 

14 
15 
41 
00 
01 
97 

90 
94 

87 
71 
57 
37 
23 

0,000 

81 
77 
54 
37 
37 
3 

9 6 4  
4 
5 

9 0 9  
6 

10 
27 
38 
02 

0 8 0  

38 
44 
48 
52 
57 
05 
72 
74 
07 
02 
00 
57 
53 
30 
40 
38 

62 

34 
26 
30 
28 
24 
14 
14 
8 

10 
10 
14 
10 
14 
10 
24 
25 

18 

42 
37 
34 
28 
25 
17 
17 
21 
14 
12 
18 
23 
26 
23 
37 
41 

20 
35 
41 
47 
50 
07 
70 
73 
79 
75 
75 
62 
50 
43 
32 
24 

2 3 6 3  

09 
78 
71 
62 
48 
29 
20 
8 

10 

94 
50 
77 

36 

If 

19 
26 
30 
22 
42 
66 
84 
85 

0 8 0  
8 8 3  

89 

48 
29 
12 

64 

!i 

43 
54 
64 
56 
55 
01 
01 
58 
55 
51 
51 
40 
48 
40 
41 
35 

50 

27 
21 
24 
21 
20 
18 
10 
17 
15 
10 
23 
23 
25 
18 
28 
28 

20 

70 
08 
59 
50 
37 
23 
23 
10 
12 

12 

44 
52 
70 

37 

:; 

10 
24 
20 
24 
50 
75 
05 
74 
84 

8 :  

E 
56 
19 
20 

51 

500 I 1.m 4,000 - 
:W. 
- 
20 
30 
34 
39 
44 
05 
64 
78 
83 
85 
70 
70 
06 
43 
35 
28 

64 
- 

- 
22 
21 
36 
44 
05 
80 
93 
98 
97 
OB 
97 
89 
72 
41 
27 
7 

01 
- 

- 
22 
24 
32 
44 
50 
74 
79 
89 
89 
80 
82 
78 
05 
41 
33 
18 

68 
- 

__ 
ow. 
- 

79 
46 
78 
39 
52 
48 
29 
12 
20 
0 

10 
8 

10 
8 

37 
87 

41 
- 

.- - 
82 
88 
62 
75 
62 
0 
0 

25 
8 

11 
0 
0 
0 
28 
30 

100 

42 - 
- 

73 
74 
07 
71 
50 
31 
16 
15 
12 
12 

8 
0 

26 
40 
75 

37 
- 

- 
cw 
- 
47 
43 
51 
41 
27 
34 
35 
34 
19 
23 
24 
30 
32 
35 
41 
40 

31 
- 

- 
73 
81 
51 
35 
20 
7 
8 
0 
3 
3 
7 

10 
14 
27 
50 
70 

29 
- 

- 
00 
55 
49 
40 
31 
22 
21 
23 
13 
11 
15 
20 
22 
37 
47 
58 

31 
- 

- 
ccw. - 

70 
08 
70 
80 
43 
54 
40 
43 
24 
21 
30 
42 
20 
22 
45 
69 

43 
- 

- 
70 
47 
09 
77 
39 
6 

20 
25 
1 
7 
4 
0 
8 

38 
00 
84 

30 
- 

cw. ow. 
_ _  -I- 

39 
44 
43 
38 
54 
07 
07 
75 
74 
72 
07 
04 
50 
41 
44 
30 

- 
ccw 
- 

46 
49 
43 
40 
38 
19 
23 
10 
15 
15 
12 
10 
21 
33 
32 
49 

20 
- 

cw. cw. 
_- -I- - 

!CW 
- 
71 
07 
72 
59 
52 
33 
25 
12 
12 
l o  
14 
13 
12 
20 
53 
72 

38 
- 

- 
:W. 
- 
39 
45 
44 
39 
47 
52 
01 
88 
61 
58 
53 
54 
51 
37 
44 
41 

50 
_- 

- 
!W. 
- 
15 
54 
22 
01 
42 
52 
09 
88 
70 
89 
79 
92 
70 
92 
55 
0 

52 
- 

__ 
18 
12 
38 
25 
38 

100 
100 
75 
92 
89 

100 
100 
78 
53 
14 
0 

48 
- 

- 
:cw 
- 
20 
9 

10 
23 
18 
18 
19 
18 
15 
10 
19 
26 
31 
16 
30 
30 

18 
- 

- 
IW. 
- 
36 
44 
38 
35 
63 
49 
51 
57 
09 
57 
56 
44 
52 
58 
42 
39 

49 - 
- 
15 
92 
47 
05 
70 
89 
80 
92 
95 
w2 
87 
08 
05 
44 
24 
10 

56 
- 

- 
W. 
- 
27 
32 
20 
10 
54 
44 
55 
55 
09 
76 
66 
52 
08 
72 
33 
22 

49 - 
- 
19 
24 
25 
23 
01 
94 
80 
‘15 
98 
93 
95 

100 
71 
38 
22 
15 

55 
- 

- 
cw. 
- 
07 
49 
55 
48 
34 
30 
40 
28 
21 
19 
24 
34 
28 
39 
41 
00 

35 

- 
IW. 
- 
42 
55 
50 
40 
51 
51 
52 
42 
54 
43 
45 
34 
34 
51 
40 
25 

45 - 
- 
40 
53 
58 
07 
08 
79 
73 
78 
08 
57 
57 
49 
57 
53 
30 
33 

55 

- 
:W. 
- 
26 
50 
40 
33 
58 
49 
51 
55 
73 
02 
72 
01 
05 
52 
53 
27 

51 

!OW 
- 
43 
33 
29 
35 
26 
20 
24 
32 
18 
21 
24 
37 
48 
30 
50 
01 

20 
- 

32 27 
44 14 
37 26 
30 15 
a0 20 
42 12 
50 17 
53 14 
48 14 
40 19 
44 18 
48 14 
44 20 
29 16 
42 . 17 
30 20 

Means _ _ _ _ _ _ _ _ _  38 I 1 1 7  
33 I 53 

WINTER WINTER 
- 
40 

39 
18 
23 
7 
4 
0 
7 
6 

10 
11 
11 
15 
30 
44 

22 

46 

- 

__ 
34 
30 
30 
28 
20 
15 
8 
6 
5 
4 
0 
8 
7 

18 
24 
30 

10 
- 

- 
26 
35 
52 
40 
72 
84 
94 
94 
94 
94 
92 
84 
76 
61 
34 
23 

04 
- 

- 
27 
20 
33 
28 
20 
21 
10 
9 
8 
8 

12 
9 
8 

15 
24 
25 

10 

- 
39 
43 
51 
57 
08 
77 
84 
88 
70 
79 
70 
83 
64 
42 
35 
35 

50 

- 

53 
45 
38 
48 
25 
10 
0 
1 
2 
3 
2 
2 
8 

19 
20 
47 

18 

- 
72 
74 
59 
55 
32 
14 
7 
1 
2 
0 
1 
2 
0 

26 
45 
70 

20 

- 
04 
09 
59 
50 
44 
22 
17 
7 
0 

10 
8 

12 
30 
44 
62 

28 

a 

- 

__ 
28 
23 
20 
10 
19 
9 
7 
5 
7 
9 

19 
17 
18 
15 
20 
27 

17 
_. 

- 
31 
38 
54 
77 
73 
88 
90 
88 
84 
77 
70 
07 
71 
02 
30 
33 

81 
- 

21 
20 
23 
10 
19 
9 

10 
7 

11 
7 

17 
20 
15 
13 
19 
23 

Means _ _ _ _ _ _ _ _ _  44 I 15 
- 

56 I 37 

ANNUAL A N N U l L  
- 

40 
47 
41 
42 
34 
17 
16 
0 
7 
0 
8 
9 

14 
24 
29 
41 

21 
_. 

- 
32 
34 
46 
47 
58 
74 
70 
83 
82 
70 
75 
72 
60 
47 
38 
34 

68 
- 

- 
24 
16 
26 
37 
40 
70 
78 
91 
90 
92 
84 

8Q 
27 
11 

54 

z 

- 

- 
35 
40 
53 
58 
01 
Ga 
71 
06 
89 
07 
01 
50 
55 
49 
38 
33 

M 
- 

- 
17 
27 
35 
42 
58 
73 
72 
78 
85 
82 
82 
70 
56 
37 
32 
22 

62 
- 

78 

08 
70 

6s 

41 
23 
33 
25 

15 
13 
9 

11 14 
9 

13 

?! 
29 
65 
83 

21 
21 

18 
- 

10 
- 

41 
- 
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:w. 

40 
45 
50 
42 
54 
58 
62 
Bo 
70 
64 
67 
50 
46 
46 
40 
24 

52 

TABLE 6.-Average percentage frequency of clockwise (cw.) and counterclockwise (ccw.) turning of winds from surface direc- 
tion-Continued 

ALL STATIONS-GROUPS 1-9, INCLUSIVE 

SUMMER , 

cow 
-_ 

44 
37 
35 
38 
32 
23 
24 
25 
17 
19 
19 
28 
36 
31 
42 
56 

26 

Altitude, meters 

:w. 

23 
41 
35 
37 
51 
56 
Bo 
67 
77 
71 
74 
69 
72 
57 
47 
17 

52 

I- 

ecw 
_- 

69 
57 
62 
53 
42 
37 
33 
22 
17 
17 
20 
24 
21 
32 
46 
66 

36 

- 
36 
44 
49 
47 
57 
62 
65 
63 
54 
49 
51 
45 
45 
41 
33 
31 

45 

30 
36 
53 
63 
72 
86 
92 
91 

84 

75 
73 
57 
35 
28 

- 
24 
23 
27 
21 n 
15 
10 
8 
10 
8 
15 
15 
12 
14 
21 
24 

16 
- 

49 
46 
39 
31 
24 
11 
5 
3 

8 8 5  
5 

8 0 6  
7 
9 
17 
31 
45 

6 3 2 0  

500 

35 
50 
59 
87 
94 
94 
97 
94 
90 
80 
61 
34 
23 
6 

54 

- 
cw. 
- 
41 
50 
51 
43 
49 
51 
56 
53 
57 
50 
49 
43 
42 
45 
42 
32 

47 
- 

- 
38 
49 
55 
63 
68 
78 
78 
81 
71 
67 
66 
55 
60 
48 
36 
34 

55 
- 

- 
41 
49 
51 
E4 
56 
62 
BB 
66 
60 
56 
55 
61 
50 
42 
40 
36 

51 
- 

61 
48 
38 
15 
6 
6 
3 
5 
5 
11 
18 
29 
56 
81 

35 

- 
ZW 
- 
34 
20 
24 
30 
27 
17 
23 
21 
14 
16 
20 
25 
31 
21 
34 
35 

21 
- 

- 
31 
26 
28 
21 
19 
12 
7 
5 
6 
7 
13 
13 
13 
16 
25 
28 

16 
- 

- 
30 
23 
27 
24 n 
16 
15 
13 
12 
14 
19 
17 
?A 
19 
26 
27 

19 - 

- 
34 
41 
48 
63 
59 
69 
76 
74 
75 
71 
67 
63 
58 
48 
38 
34 

Ea 
- 

- 
44 
41 
37 
34 
29 
17 
16 
14 
11 
11 
14 
17. 
20 
23 
29 
41 

22 - 

- 
cw. 
- 
31 
40 
36 
37 
49 
56 
56 
66 
75 
69 
65 
56 
58 
50 
39 
31 

51 
- 

- 
18 
27 
42 
56 
68 
88 
89 
95 
96 
94 
91 
77 
68 
43 
24 
9 

58 
- 

- 
24 
30 
37 
46 
55 
70 
74 
80 
84 
80 
79 
69 
Bo 
42 
32 
21 

55 
_. 

- 
ZW 
- 
54 
51 
54 
46 
36 
33 
33 
27 
16 
17 
21 
27 
26 
33 
42 
55 

32 
- 

- 
73 
67 
55 
44 
29 
10 
8 
4 
3 
2 
4 
6 
10 
26 
48 
70 

28 
- 

- 
62 
61 
54 
45 
37 
22 
19 
16 
10 
9 
12 
15 
17 
34 
45 
60 

28 
- 

- 
20 
22 
31 
40 
54 
71 
76 
84 
88 
86 
83 
76 
63 
38 
30 
17 

53 
- 

- 
73 
73 
64 
55 
42 
25 
22 
12 
9 
8 
11 
16 
19 
40 
51 
73 

36 
- 

- 
cw. 
- 
21 
43 
24 
35 
49 
48 
61 
68 
72 
82 
72 
67 
69 
83 
43 
10 

50 
- 

- 
19 
18 
31 
24 
51 
97 
89 
75 
95 
91 
97 
100 
74 
44 
18 
9 

52 
- 

- 
18 
25 
28 
23 
47 
71 
73 
19 
85 
86 
86 
76 
74 
46 
23 
20 

52 - 

__ 
%W. 
- 
74 
57 
73 
63 
46 
51 
35 
31 
22 
12 
24 
29 
15 
14 
41 
79 

42 
- 

- 
79 
67 
65 
76 
48 
3 
11 
25 
4 
9 
2 
0 
5 
33 
48 
91 

38 
- 

- 
64 
71 
68 
70 
51 
27 
25 
21 
13 
10 
10 
20 
10 
25 
56 
68 

39 - 
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4,000 

-35 
-70 
-92 

-148 
+64 

25 

6, ooo -- 
-55 
-82 

-119 
-138 
$97 

TABLE 7.-Average deviation, degrees, of free-air winds from surjace 
direction 

NORTHERN STATIONS-GROUPS 1-4, INCLUSIVE 

(Plus sign indicates turning to right, minus sign to left) 

SUMMER 

I Altitude, meters 

0 
4-25 
+21 
+11 
4-17 
+17 +le 
4-8 

4-15 
+12 
+I2 

4-17 
+5 

-20 

. 

TABLE ?.-Average deviation, degrees, of free-air winds from surjace 
direction-Continued 

SOUTHERN STATIONS-GROUP 5-9, INCLUSIVE 

(Plus sign indicates turning to right, minus sign to left) 

SUMMER 

-- 
-7 

f20 
+20 
+13 
4-20 
+22 
$22 
4-6 

4-25 
$22 
+I8 
$6 
-7 

-36 
22 

Altitude, meters 

4-130 
C136 
+loo +so 
+62 
$35 
+33 

I 

................... 
+134 
4-142 
+97 
+49 
+64 t:; 

Surface direction 11, 

s s w - - . - - . ~ ~ . ~ - - . ~ . - - - -  sw ..................... wsw _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ -  w _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _  
WNW--..-----..--.-.- 
NW _ _ _ _ _ _ _ _ _ _ _  ~ _ _ _ _ _ _ _ _  
NNW-.--.---.-----.-.- 

Surfaoe direction - 1 250 

1-7 
+lo 
+12 +s 
4-4 
+S 
+3 

-66 
-94 
-88 

25 
4-190 
- 

-60 
-59 

-118 

+202 
~ - - _ -____-  

N . . . . . . . . . . . . . . . . . . . . . .  
NNE _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
NE . . . . . . . . . . . . . . . . . . . . .  

4-6 
+11 
+I2 

+e 
+?.a 
+I4 
4-27 
4-41 
4-38 
4-88 +zs 
+27 +le 
+19 
4-15 
+ll 
f17 
+5 
+3 

-12 
-20 
4-9 

+98 
+84 
+M 
4-68 
+50 
+46 
+34 
+34 
+25 
f24 
4-18 
-2 
-7 

+: 
+lo 
$18 
+55 
+43 
S56 

-16 -12 
-1 

+53 
+lo8 

$!! 

-73 
-88 

-124 
+204 
+184 
+126 
4-113 
+112 
$83 
+73 
4-56 

-67 
-36 

-120 
+212 
+l76 
+141 
+114 

+Q6 

?: 
--__ _ _ _ _ _ _  

+U 
+19 
4-8 
+4 
+a 

4-38 
+26 
+lo 
+2 

-10 

$2 
+7 
$9 

4-14 
$23 
4-30 
+3Q 

+25 
+20 
4-16. 
4-14 
+7 
4-3 
+2 

gg 

-8 
-12 
-2 

+12 
$61 
4-66 
4-66 
+ba 

1;; 
+33 

$-!: 
+7 
-1-3 
-4 

-32 
-46 
-71 
-86 

4-116 
+lo8 
+lo2 
4-83 
+66 

$g3 
$E 
2: 

-23 

_____ 
-45 
-70 
-93 

-140 

E 
4-136 
+llS 

+SS 
+74 +sa 

2; 
-34 

N _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
N N E  .................. 
N E  ..................... 
E N E  ................... 
E ...................... 
ESE _ _ _ _ _ _ _ _ _ _  ~ _ _ _ _ _  _ _ _  
BE . . . . . . . . . . . . . . . . . . . . .  
SSE . . . . . . . . . . . . . . . . . . . .  
E ....................... ssw _ _ _ _ _ _ _ _ - -  --------- sw _ _ _ _ _ _  ~ _ _ _ _ _ - - -  _- - - - -  
WEW..-.-.---.-..----- w _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ - _ -  --- 
WNW ................. 
NW .................... 
NNW .................. 

4-3 
f 7  
4-6 
+9 

4-15 
4-16 $-:: 
+16 
+12 
+12 

4-6 
+4 

0 

+6 
+1Q 
+16 
+1Q 
4-26 
4-24 

-7 
+4 

+46 
+39 

-31 
-36 
-52 
-32 
+89 
4-72 
+@I 

$2 
$2 
+:; 
+20 

-Q 
-15 

-57 
-82 

-101 
-101 
-I180 
+lo3 
+loo 

+el 

+35 

$E 
E 
$.; 

-28 

4-16 
4-14 
+IO +Q 
+12 

$$ 

+a 
+% 
+le 
4-15 
+11 

-1 -8 

1, 000 - 
-4 
-6 
-4 - 14 

+22 

+47 
+m 
+34 
+34 
+28 
+20 
i-15 

+5 
+2 - 10 

+29 

500 

+4 
$7 
+7 
+5 

fl l  
+14 
4-26 
-1-33 
+23 
+22 
+16 
4-17 
+14 
$6 
+2 
+3 

2, OOo 
-. 

- 27 
-16 
-36 
-37 
+12 
4-42 
+94 
+82 
+64 
4-54 
$37 
+29 
+20 
+4 
-4 . -22 

-48 
-58 

-102 
$33 

+179 
4-140 
+122 
+94 
+77 
4-67 
+54 
+38 
+24 

-28 
i-: 

-36 
-21 
-15 
+8 

-15 
4-51 
i-m 
+21 

4-25 +a 
+15 
-6 
+Q 
-2 
-9 

+41 

j-ie -% 1 -26 
-40 -46 _ _ _ _ _ _ _ _ _ ( _ _ _ _ _ _ _ _ _ _  

I 

WINTER WINTER 

' I  

-48 
-70 

-125 
+lo0 
4-129 
+lo2 
+89 
$58 
4-70 
4-62 
$47 +a 
4-26 
+lo 
-15 
-32 

N.. - - - - - - - - - - - - - - - - - - - - - 
NNE.-..-..---.--.----- 
N E  ..................... 
E N E  ................... 
E - - - - - - - - - - - - - - _ _  - - - - - - 
ESE _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
SE _ _ _ _ _ _ _ _ _ _ _  ~ _ _ _ _ _ _ _ _ _  
SSE .................... 
8 ....................... ssw ................... sw--------------------- wsw .................. w __________- - - -  -------- 
WNW .................. 
NW .................... 
NNW.. ................ .................... 

NNW .................. $2 

-66 
-72 

-103 
-117 
+211 
+144 
+81 
+86 
+e4 
+76 
+72 +as 
+39 +zs 
-8 

-26 - 

-51 
--83 

-102 
-136 

4-146 
+I% +ea 

4-66 
+36 
+7 

-14 
-37 

t;; 

N - - - - - - - - - - - - - - _ _  - - - - 
N N E  ................... 
N E  ..................... 
E N E  ................... 
E... .................... 
ESE .................... 
SE - - - _ _  _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _  
SSE . . . . . . . . . . . . . . . . . . . .  s... .................... 
SEW ................... sw..----..-.------.---- wsw .................. w -. - - - - - - - - - - - - - - - - 
WNW .................. 
NW . . . . . . . . . . . . . . . . . . . .  
NNW-..--.--.-.-.-.--- 



+1 
-i-17 
4-15 
+8 
4-14 
+16 +n 
4-19 
+la 
4-17 
+13 
+lo 
+2 
+12 

2; 

-5 
+9 
+9 
+I 
+21 
+25 
+33 
+26 
+29 
+27 
+22 
+11 
+3 

+11 
-12 
-24 

N - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
N N E  ..................... 
NE---_..---._.-._._.----- 
E N E  ..................... 
E - -_______________________  
ESE . . . . . . . . . . . . . . . . . . . . .  ~ 

SE _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
SSE - - - _ _ _ _ _ _ _ _ _ _ _ _ _  ~ _ _ _ _ _ _  s - -________________________  ssw ...................... sw _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  wsw._.-..--.-.-.--.----- w _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
WNW .................... 
NW _ _ _ _  ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
NNW ..................... 
Calm . . . . . . . . . . . . . . . . . . . . .  

4.0 
4.1 
3.5 
3.9 
3.4 
3.6 
3.8 
3.9 
4.2 
3.8 
4.2 
3.5 
4.2 
4.2 
4.2 
4.4 
0.0 

-4 
+I10 
+e9 
+lo2 
+72 
-I-09 
+58 

' +26 +10 
4-7 

-12 

+lo9 
4-136 
+92 
+46 
+42 
$6: - 
4-17 

- _ _ _ _ _ _ _ _ _  

--26 -46 

N _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
NNE---_.-._.-.-.-.-.---- 
N E  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
E N E  . . . . . . . . . . . . . . . . . . . . .  
E _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
ESE _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~ _ _ _ _ _ _ _  
SE _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

4.4 3.1 
4.6 3.0 
4.2 2.7 
4.2 2.6 
3.7 2.4 
3.7 3.4 
4.0 3.3 

4.1 
3.6 
3.5 
2.9 
3.9 
5.6 
5.2 
6.3 
6. 7 
7.2 
7.5 
6. 4 
6.2 
5.7 
5.1 
3.8 
7.0 

5.5 
4.6 
3.9 
3.9 
3.8 
7.6 
6.6 
7.9 
8. 1 
10.6 
9.7 
8.9 
8.4 
7.8 
7.1 
7.1 
9.1 

SSE _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
S .......................... 
SSW . . . . . . . . . . . . . . . . . . . . . .  
SW ....................... 
WSW ..................... w - - -______________________  
WNW _ _ _ _ _ _ _ _ _ _  ~ _ _ _ _ _ _ _ _ _  
NW _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
NNW ..................... 

4.9 4.4 
5.1 5.0 
4.8 5.0 
4.9 5.2 
4.6 4.6 
5.4 4.2 
5.7 3.8 
6.2 3.6 
5.4 2.9 

-7 
-3 
+6 
+22 
4-52 
+46 
+5l 
$37 
+36 
+34 
4-31 
4-20 

ri +:; 

-32 
-40 
--6o 
-56 
4-148 
+a 
+79 
+59 
+60 
+48 
+40 
$25 

-8 
-18 

+:: 

N _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~ _ _ _ _ _  
NNE _ _ _ _ _ _  ~ _ _ _ _ _ _ _ _ _ _ _ _  
N E  ..................... 
E N E  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

+5 
+IO 
+9 
4-10 

N ......................... 
N N E  ..................... 
 NE-------------------^--- 
E N E  ..................... 
E ......................... 
ESE ...................... 
SE. ....................... 
SSE _ _ _ _ _ _  ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  s - -________________________ ssw---------------------- 
SW ....................... wsw-._..-..-.-.---..---- w _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
WNW .................... 
NW ....................... 
NNW ..................... 
Calm- .................... 

4.5 
4.1 
3.9 
3.0 
3.6 
3.6 
4.1 
4.6 
5.0 
4.9 
4.6 
4.7 
4.9 
5.3 
5.4 
5.3 
0.0 

SUPPLEMENT NO. 26 

TABLE &-Average increase, m. p. s. of free-air wind velocities 
above surface velocity 

[The average velocities at different heights, columns 3-8, ma be found by simply 
addmg to the values given the average surface velocity L column 21 

NORTHERN STATIONS--GROUPS 1-4, INCLUSIVE 
SUMMER 

TABLE 7.-Average deviation, degrees, of free-air winds from surface 
direction-Continued 

ALL STATIONS-GROUPS 1-9, INCLUSIVE ' 

(Plus sign indicates turning to right, minus sign to left) 

SUMMER 

I Altitude, meters Altitude, meters Surface 
Surface direction - I 250 Direction lvelocity 250 1 , m  

3.3 
2.7 
3.0 
2.6 
3.0 
1.7 
2. 7 
3.6 
4.4 
4.9 
4.9 
5.5 
5.2 
5.0 
4.0 
3.7 
5.2 

- 
2,000 

5.2 
3.5 
3.7 
2.2 
3.4 
2.0 
2. 9 
5.4 
4.9 
5.3 
5.4 
6.8 
6.7 
5.8 
6.7 
6.1 
6.5 

- 
4,000 

8.4 
7.2 
5.9 
3.9 
4. 7 
3.2 
5. 6 
5.5 
6.7 
8.5 
7.4 
8.6 
10.1 
10.2 
10.2 
9.3 
9.2 

- 

-- 

6,000 
- 

11. 1 
11.8 
9. 1 
9.1 
6. 3 
5.1 
7. 9 
8.2 
9. 5 
10.4 
10.1 
12.9 
11. 6 
14.6 
14.0 
12. 1 
11.4 

2,000 

+4 
4-17 
$11 
+5 
+9 
+10 
4-1 7 
+lo 
4-13 
+8 
+8 
+8 
+3 
4-6 
2: 

-32 
-17 
-24 
-14 
-3 
+47 
$58 
+48 
+51 
+38 
$30 +m 
$7 
4-6. 
-4 
-17 --_ 
- 

-47 
-65 
-115 

+151 
+I04 

+119 
+lo4 
$83 
+73 
$59 
$50 
+33 
$24 
+8 
-11 
-31 - 

-44 -48 
-82 1 -92 
-70 -110 
-104. -83 

2.2 
2.4 
2.3 
2.5 
2. 1 
2.4 
2.5 
2.6 
3.3 
4.2 
4.1 
4.1 
3.8 
3.5 
2.8 
2.4 
3.5 

__ 

2.7 
2.7 
2.9 
2.7 
2.6 
2.3 
2. 9 
3.6 
4.1 
5.1 
5.0 
5.2 
4.7 
4.7 
3.4 
3.2 
4.4 
- 

N--- . . . . . . . . . . . . . . . . . . . .  
N N E  ................... 
NE--. _ _ _ _ _ _ _  ~ _ _ _ _ _ _ _ _ _ _  
E N E  ................... 
E _ _ _ _ _  ~ _ _ _ _ _ _ _  ~ _ _ _ _ _ _ _ _ _  
ESE .................... 
SE-..-. ................ 
SSE .................... s ....................... ssw - -  . - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  sw ..................... wsw .................. w - - - - - - - - - - - - - - - - - - - - - - 
WNW .................. 
NW .................... 
NNW .................. 

WINTER 
WINTER 

$5 
+I1 
+12 
4-23 
+so 
f 4 0  
+46 
+35 

+27 
4-25 
4-16 
i-15 
4-13 
+4 
+4 

+32 

N . - _ _  - - - - - - - - - - - - - - - - - - - 
"E------------------- 
NE ..................... 
E N E  ................... 
E-..... ................. 
ESE .................... 
SE. _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
SSE _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _  
s _ _ - _ _ _ - _ _ _ _ - - _ - - - _ _ _ _  _ _  
SSW.. ................. sw ..................... wsw .................. 

-12 
-18 
+5 
$78 
1-95 
+74 
+74 
+a8 
+53 

4-31 
+25 
+14 

0 
-8 

-70 - 103 
-110 
+lo6 
4-187 
+126 
f117 
+114 
+a9 
+76 
+58 
+43 

+2 
-13 
-43 

+25 w ...................... 
WNW ................... 
NW .................... 
NNW .................. 

Calm . . . . . . . . . . . . . . . . . . . . .  I 0.01 4.0 
ANNUAL 

ANNUAL I - 
4.2 
3.4 
3.4 
3.5 
3.3 
4.2 
4.5 
5.5 
6.3 
7.3 
7. 1 
6. 7 
6.3 
6.3 
5.5 
5.3 
7.0 

- 
11.6 
9.6 
9.1 
8.3 
8.6 
9.5 
9.2 
12.0 
11.1 
12.1 
12. 9 
14.6 
15.0 
15.8 
1s. 9 
14.8 
14.0 

- 
16.0 
14.6 
13.3 
13.2 
12.7 
14.4 
12.6 
15.7 
14.7 
15.0 
16.4 
15.4 
19.3 
21.3 
18.4 
17.4 
17.6 
/ 

- 
2.8 
2. 6 
2.6 
2.8 
2.6 
3.3 
2.9 
3.6 
4.4 
4. 9 
4. 7 
4.0 
3.8 
3.7 
.3.3 
2.8 
4.3 
- 

- 
3.5 
3.1 
3.2 
3.1 
3.2 
4.0 
4.1 
4.8 
5.8 
6.1 
6.2 
5.5 
5.0 
5. 1 
4.3 
3.6 
5.6 

- 
6.5 
5.5 
5.0 
4.1 
4.8 
5.3 
5.8 
7.4 
7.4 
8.5 
8.8 
9.7 
9.6 
9.0 
8.5 
8.2 
0.2 

-51 
-76 
-97 
-118 
4-196 
+135 
4-116 
+lo2 
+77 
+66 
+56 
+% 

-3 
-31 

24" 

-59 
-77 
-102 
-125 
+210 

$110 
+95 
+76 +a 
+56 
+37 
+17 
-13 
-31 

xi2 
E _ _ _ _  _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _  
ESE _ _ _ _ _ _ _ _  _ _ _ _  _ _ _ _ _ _ _  - . SE. .................... 
SSE.. .................. s ....................... ssw ................... sw ..................... wsw .................. w. - - - - - - _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~ 

WNW .................. 
NW .................... 
NNW .................. 
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4.3 
4. 1 
3. 
4. i 

2.8 
2.5 
3.1 
1.8 
3. 7 
3.2 
3.6 
4.6 
6.1 
7.2 
6.3 
3.6 
6. 6 

TABLE 8.-Average increase, m. p.  s. of free-air wind velocities 
above surface velocity-Continued 

[The average velocities at different heights columns 3-8 may b3 found by simply 
adding to the values given the ave&e surface veiocity in column 21 

ALL STATIONS-GROUPS 1-9, INCLUSIVE 

SUMMER 

_-__--__ 
7.4 
6.3 
4.0 
3.8 

4.6 
3.5 
4.8 
4.2 
4.0 _ _ _ _ _ _ _ _  
6. 1 

_ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  
8.8 

- - - _ _ _ _ _  

- -_-____ 

?ABLE 8.-Average increase, m. p .  s. of free-air wind velocities 
above surface velocit2/-Continued 

[Tho average velorities a t  different heights, columns 3-8, may be found by simply 
adding to the values given the average surface velocity in column 21 

SOUTHERN STATIONS-GROUPS 5-9, INCLUSIVE 

SUMMER 

0. 2 
3. 6 
4.1 
4.1 
5.4 
5.1 
7.0 
8.7 
8.9 
9.0 

10.4 
10.2 
10.5 
11.0 
10.5 
8.7 

10.6 

Altitude, meters 

12.5 17.4 
10.0 15.8 
0.5 12.9 
8.0 _ _ _ _ _ _ _ _  

10.4 15.4 
8.0 12.9 

11.0 _ _ _ _ _ _ _ _  
11.1. _ _ _ _ _ _ _  
13.6 13.8 
12.9 12.5 
15.4 17.6 
17.3 _ _ _ _ _ _ _ _  
17.0 21.9 
18.1 _ _ _ _ _ _ _ _  
18.3 24.1 
10.1 _ _ _ _ _ _ _ _  
16.7 _ _ _ _ _ _ _ _  

Altitude, meters 

4.6 
3. 4 
3.0 
3.2 
4.3 
5.9 
6.1 
7.5 
7.5 
8.9 
8.7 
7.6 
7.7 
7.0 
0.7 
6.2 
8.8 

Surface 

Direction I Volocitj 

7.1 
5. 0 
5.5 
6.1 
6. 1 
6.8 
8.0 
9.8 
0.6 

10.9 
11. 7 
11.4 
11.4 
11.3 
10. 6 
9. 5 

11.9 

Surfsoe 

14.0 
10.2 
11.0 
9.4 

12.2 
7.9 

12. 2 
13.1 
15.1 
14.1 
17. 1 
19.0 
18.3 
18.9 
17.9 
17.7 
18.0 

- 
250 

18.7 
17.8 
15.7 

16.0 
12.9 

_ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  
19. 0 

23.3 

B.7  _ _ _ _ _ _ _ _  
23.0 

_____- -_  

_______-  

____---- 
_ _ _ _ _ _ _ _  

3.3 
3. 0 
4.0 
3. 6 
4.2 
3.8 
5.3 
6.3 
5.6 
6.2 
5.4 

5.2 
4.9 
4.3 
4.3 
7.4 

4.9 

3.8 
2.4 
3.3 
2.5 
4.7 
4.4 
6.8 
7.3 
7. 1 
7.5 
8.0 

7. 1 
6.2 
6.4 
5.4 
8.5 

6.6 

2 9  
2.8 
3. 1 
3.0 
3.2 
3.4 
3.6 
4.5 
4.3 
4.6 
4.6 
4.0 
4.0 
3. 5 
3.5 
3.2 
4.9 

3.7 
3.4 
3.7 
3.2 
4.1 
4.8 
5.2 
6.4 
6.2 
8.8 
6.4 
6.8 
5.7 

' 5.3 
4.7 
4.2 
7.1 

9.9 
8.1 
8.0 
7.0 
7.2 
7.6 
7.8 
9.0 
9.5 
0.6 

10.0 
11.9 
12.6 
13.8 
13.3 

12.8 
12 1 

13.8 
11.9 
11. 7 
11.0 
10.7 
11.4 
11.0 
1 2 2  
1 2 5  
11.9 
13.2 
13.2 
17.4 
19. 1 
17.6 

16. 2 
16.3 

3.3 
3.1 
3. 5 
3.0 
3.1 
3.3 
4.4 
4.4 
5. 1 
4.5 
4.0 
4.0 
4.1 
3.9 
3.8 
3.7 
6.2 

3.2 
2. E 
3. 1 
2. 5 
3.4 
3. 2 
4.3 
4.4 
5. 2 
5.0 
4.8 
4.2 
4.9 
5.0 
4.6 
3.8 
6.4 

4.4 
3.4 
3.4 
2.7 
3.6 
3.3 
4.7 
4. 5 
5. 6 
5.5 
6.1 
6.3 
7.3 
7.9 
7.3 
5.9 
7.4 

8. 7 
6.8 
7.c 
6.0 
6.2 
6. 1 
6.7 
6.6 
8.4 
7.8 
8.9 
9. 6 

10.6 
12.3 
12. 9 
10.0 
11. 5 

2.7 
2 7  
2.8 
2 8  
2 5  
2.9 
3. 2 
3.6 
3.9 
4.0 
3.8 
3.6 
3.5 
3.4 
3. 1 
2.9 
4.5 

3.4 
3.: 
3.4 
3.0 
3.2 
3. 6 
4.2 
4.6 
5. 5 
5.2 
4.9 
4.7 
4. 5 
4.4 
4.0 
3.6 
6.0 

500 1,000 4,000 j 6,000 Direction I Velooits 250 1,000 4,000 6,000 500 
- 

2. 3 
2.4 
2.6 
2. 6 
2. 2 
2. 2 
3.1 
3.5 
4.1 
4.2 
3.9 
4.2 
3.8 
4.4 
3. 1 
2.8 
5.3 
- 

1.8 
2. 2 
1.8 
2. 1 
1. 7 
1.9 
2.4 
2.9 ?. 9 
2. 4 
2.7 
2.7 
2.4 
3.4 
2.2 
2.0 
4.8 

2. 1 
2.3 
2.3 
2. 6 
2. 0 
2. 1 
3.2 
3. 5 
4.0 
3.4 
3. 1 
3.0 
2.9 
4. 1 
2.8 
2.4 
6. 1 

2. 1 
2. 5 
1. 9 
2. 7 
2. 0 
2.3 
2.7 
2.8 
3.3 
2.7 
2.7 
3.0 
3. 1 
4.0 
2.5 
2. 2 
5.9 

2.5 
2.8 
1.9 
2.8 
2. 5 
1.9 
2.4 
2.2 
2. 7 
2.0 
2. 3 
3.3 
3.9 
4. G 
4.6 
3.2 
5.0 

1.9 
2.3 
2.0 
2.3 
1. s 
2. 1 
2. 4 
2.8 
3. 1 
3. 2 
3.4 
3.3 
3. 1 
3.5 
2.5 
2.2 
4.0 

2.7 
2.6 
2. 5 
2.7 
2. 8 
2. 0 
2 7  
3.1 
3.7 
3.6 
3.7 
3.9 
4.0 
4.6 
3.2 
2.8 
5.6 

3.8 
2.8 
2. 7 
2. 5 
2.9 
1.9 
2. 6 
3.7 
3.8 
3. 5 
3.7 
4.6 
5. 3 
5.2 
5.6 
4.7 
5.8 

0.3 
5.9 
4.8 
4.4 
3.6 
2.7 
4.2 
3.0 
5. 1 
5.9 
5. 0 
6.6 
7.8 
9.0 
8.6 
7.0 
8. 1 

0.7 
8.9 
7.9 
6. 1 
4.9 :. 1 
6.2 
5.9 
7. 1 
6.8 
7. 2 

11.2 
8.8 

10.0 
13.9 
12 1 
9.2 

WINTER WINTER 

I 

4.8 
4. 0 
4.3 
4.0 
3.7 
4.0 
4.0 
4.8 
5.0 
4.9 
4.9 
4.7 
5.5 
6.2 
5.8 
5.5 
0.0 

2.9 
2. 7 
3.2 
3. 5 
3.4 
3.3 
3.9 
4.6 
3.7 
4.4 
3.8 
3. 6 
3.9 
3.2 
3.4 
3.3 
5.7 

5.2 
4. 6 
4.4 
3.8 
3.7 
4.2 
4.1 
4.7 
4.9 
5.0 
4.8 
4.8 
5. 5 
418 
5. 5 
5.6 
0.0 

I I 

ANNUAL ANNUAL 

I 
- 

11.9 
9.9 

10.5 
9.2 
9. 1 
0.0 

10.8 
9.5 

10.0 
9.5 

10.8 
11. 6 
16.5 
16.9 
16.8 
15. 1 
14.7 

3.7 
3.1 
3.2 
2.9 
3.4 
3. 6 
4.4 
4.9 
5.7 
6.0 
5.7 
5.3 
5. 6 
5. 5 
5.0 

5.4 
4.2 
4. 1 
3.4 
4. 1 
4. 2 
5. 1 
5.8 
0.4 
6.9 . 7.3 
7.8 
8.2 
8.4 
7.8 
7.0 
8.3 

4.9 
4.4 
4.2 
4. 1 
4.1 
4.2 
4. 1 
4. 0 
4.7 
4.8 
4.0 
4.4 

.4.3 
4.6 
4.0 
4.8 
0.0 4.6 

0.7 
I 

4303-26 t-3 
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Direction 

N. 35 W. 
N .48W.  
N.47 W. 
N.81 W. 
S. 36 E. 

8. 85 w. 
N.24 W. 
N.90 W. 
N.78 W. 
N. 73 W. 
N.77 W. 
N. 57 W. 
N. 62 W. 
N. 55 W. 
N. 62 W. 

___- 

-_..______ 

SUPPLEMENT NO. 26 

TABLE 9.-Average free-air winds, m. p .  s . ,  for digerent surface directions 

NORTHERN STATIONS-GROUPS 1-4, INCLUSIVE 
(Figures in dircction column represent dcgrccs) 

SUMMER 

Altitude, meters 

Velocity 

12.4 
11.3 
9.4 
7.8 
8.1 

9.4 
9.4 

10.9 
12.3 
11.6 
12.1 
14.3 
14.4 
14.4 
13.7 

_ _ _ _ _ _ _ _ _  

-~ 

Surface 

N. 27 W. 
N. 6 E .  
N. 9 E. 
N.31 E. 
S. 78 E. 
S. 26 E. 
S. 49 W. s. 00 w. s. 64 W. 
S. 76 W. 
S. 82 W. 
N. 83 W. 
N. 70 W. 
N 64 W. 

9:2 
7.0 
7.2 
6. 1 
6.8 
5. 6 
8.7 
9.3 
9.1 
8.1 
9.6 

10.3 
10.9 
10.0 

8.5 
8.2 
7.7 
7.1 
7.6 
9.3 
9.2 

11.2 
11.8 
12.0 
12.4 
11.0 
11.6 
11.4 
11.3 
9.2 

N. 12 W. 
N.  6 E. 
N.44 E. s. 59 E. 
S. 18 W. s. 18 W. s. 36 w. s. 46 w. 
S. 02 W. 
s. 77 w. 
W. 
N.74 W. 
N. 64 W. 
N. 58 W. 
N. 43 W. 
N. 32 W. 

7.5 
7.6 
8.9 
6.8 
6.1 
7.1 
7.3 
9.3 

10.1 
9.8 

10.1 
9.2 
9.6 
9.5 
9.8 
8.3 

N.  4 E .  
N.22 E .  
N. 55 E. 
N. 86 E. 
S. 35 E .  
S. 25 E .  s. 11 w. s. 21 W. 
S. 38 W. 
5. 60 w. 
6. 76 w. 
5. 86 W. 
N.71 W. 
N. 60 W. 
N.41 W. 
N. 17 W. 

4.4 
4.8 
4.2 
4.2 
3.7 
3.7 
4.0 
4.9 
5.1 
4.8 
4.9 
4.6 
5.4 
6.7 
6.2 
5.4 

N. 8 E .  
N. 27 E. 
N. 51 E .  
N.78 E. 
8. 61 E. 
S. 52 E .  
6. 13 E. s. 3 W. s. 22 w. 
8. 44 w. s. 64 w. 
6. 80 W. 
N. 76 W. 
N.61 W. 
N.44 W. 
N. 21 W. 

N. 66 W. 
N.72 W. 
N. 43 W. 
N. 43 E. 
N. 80 W. 

20.4 
15.0 
17.9 
15.4 
18.2 

. __________  s. 83 w. 
N. R4 W. 
N. 84 W. 
N.  79 W. 
N. 73 W. 
N. 74 W. 
N. 65 W. 
N.68 W. 
N.56 W. 
N. W W. 

_ _ _ _ _ _ _ _ _  
19.0 
22.0 
22.1 
20.0 
24.2 
26.0 
24.9 
25.6 
23.6 
25.0 

250 500 1,000 2,000 
- 
'elocity 

- 
?elocity Dircction Velocity 

-- 
Direction Direction 1 Velocity Direction Sirection Vclocity Velocity Direction 

N. 55 W. 
N.60 W. 
N. 74 W. 
N. 70 W. s. 7w. 

S. 89 W. 
N.60 W. 
N. 93 W. 
6. 71 W. 
N.71 W. 
N.57 W. 
N. 60 W. 
N. 52 W. 
N.71 W. 
N.08 W. 

_ _ - _  ~ - - - -  

15.1 
15.9 
12 6 
13.0 
9.7 

11.7 
12.1 
13.7 
14.2 
14.3 
16.4 
15.8 
18. 8 
18.2 
16.5 

_ _ _ _ _ - - - -  

- 

N. 4 E .  
N. 29 E. 
N. 52 E. 
N.  73 E. s. 79 E. 
S. 54 E. 
S. 19 E. s. 11 w. 
s. 23 W. s. 44 w. s. 61 w. 
S. 85 W. 
N. 76 W. 
N. 62 W. 
N.  43 W. 
N. 19 W. 

6.7 
0. 8 
6.4 
6. 0 
6. 0 
5.9 
6. 7 
7.5 
8.3 
R. 9 
9. 2 
8. 7 
8. 9 
8. 9 
7. 8 
7. 6 

___ 

7.3 
6. 8 
0. 5 
6.5 
6. 4 
5.3 
0. 5 
7. 5 
8. 6 
8. 7 
9.1 
9.0 
9.4 
9.2 
8.2 
8. 1 

N. 4 W .  
N. 16 E. 
N.41 E. 
N. 54 E. s. 68 E. 
S. 39 E. s. 2 W .  
6. 28 w. s. 34 w. s. 50 w. s. 73 w. 
S. 88 W 
N.75 W 
N. 83 W 
N.43 W 
N. 32 W 

6. 2 
6. 5 
5.8 
6. 4 
5. 5 
0.0 
6.3 
6.5 
7.5 
8.0 
8.3 
7. 6 
8.0 
7.7 
7.0 
0.8 

WINTER 
- 

12. 6 
11.1 
11.4 
10. 6 
10. 6 
12. 6 
13.2 
15.9 
15. 6 
18.0 
18. 1 
17.3 
17.7 
17.2 
16.8 
16. 2 
- 

11.0 
9.6 
8.9 
8.0 
8.4 
8.9 
9.9 

12.0 
12.4 
13.4 
13. 4 
14.4 
14.4 
14. 3 
13.9 
13. 6 

9.9 
9. 2 
8. 1 
8.1 
7. 5 

11.3 
10. 6 
12.8 
13.2 
15.4 
14. 6 
13.5 
13.8 
13.5 
13.3 
12.5 
- 

N. GO W. 25.0 

28.5 22.6 I N. N. 73 37 W. W. 1 N. 46 W. 
N. 36 W. 
N. 57 W. 
S. 79 E. 
S. 89 W. 
S. 72 W. s. 77 w. 
9. 72 W. s. 77 w. 
S. 89 W. 
N.81 W. 
N. 74 W. 
N. 66 W. 
N.  62 W. 
N.51 W. 
N.50 W. 

I I 

ANNUAL 

8.7 
7.5 
7.3 
7.4 
6. 9 
7.8 
8.0 

10. 1 
11.3 
12. 2 
11.7 
11. 4 
11.2 
11.6 
10. 9 
10. G 

20.5 
18.7 
17.2 
17.1 
18  3 
18. 0 
16.7 
20.3 
19.7 
19.9 
21.0 
20.' 

22.7 

24.2 

gII 
/ 

8.0 
7. 2 
7. 1 
7.0 
6.8 
7.6 
8. 2 
0. 4 

10.8 
11.0 
10. 8 
IO. 2 
9.9 

IO. 4 
9. 7 
8. 9 

N. 2 E. 
N. 20 E. 
N. .54 E. 
N.  82 E. 
6. 07 E.  
8. 38 E. s. 6 E. 
S. 8 W .  
S. 28 W. s. 47 w. 
S. 65 W. s. 83 w. 
N. 76 W. 
N. 61 W. 
N. 42 W. 
N. 20 W. 

N. 8 W. 
N. 10 E. 
N.  43 E. 
N. 80 E. 
6. 29 E. s. 12 E. s. 20 w. 
S. 32 W. s. 45 w. s. 61 W. 
S. 78 W. 
N. R7 W. 
N. 71 W .  
N.61 W. 
N. 42 W. 
N. 20 W. 

7.3 
6.7 
6.5 
6. 7 
6. 1 
6.9 
7.0 
8.2 
9.4 
9.8 
9.3 
8. 7 
8.7 
9.0 
8.7 
8. 1 
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TABLE 9.-.I verage free-air winds,  m. p .  s., for different surface directions-Continued 

(Figures in diroction column represent degrees) 

SOUTHERN STATIONS-GROUPS 5-9, INCLUSIVE 
SUMMER 

N. 5 E. 
N. 47 13. 
N. BO E. 
N. 72 E. s. 79 E. 
6 .  59 E. 
S. 30 E. s. 15 E. 
S. 13 W. 
S. 31 W. 
S. 52 W. 
S. 74 W. s. 88 w. 
N.80 W. 
N. 36 W. 
N. 35 W. 

29 

5. 0 
6. 1 
5.8 
0.2 
5.8 . 6.0 
0. 2 
0.8 
7.1 
6.9 
6.8 
6.2 
5. 5 
6.8 
5.2 
5.B 

Altitude, meters 

1,000 

N. 52 w. 
N. 76 TV. 
N. 3 W. 
N. 3 IT. 
N. 40 E. 
S. 1 W. 
S. 29 W. s. fA w. 
s. 49 W. 
S. 80 W. 
9. 81 W. 
S. 85 W. 

N . W  W. 
N. 1 W. 

s. 82 W. 

Surface 

8.1 
X.0 
7.7 
8.8 
G. 9 
0.8 
0.9 
5.7 
7.9 
7.7 
7.7 
8.1 

10.6 
9.3 

9.2 

500 

N. 73 W. 
N. 06 W. 
N. 79 W. 
N.88 W. 
N. 80 W. s. 58 w. 
S. 68 W. 
W. 
S. 83 W. 
N. 85 W. 
N. 79 W. 
N. 60 W. 
N.64 W. 
N. 66 W. 
N.61 W. 
N. 67 W. 

2.000 

17.7 
14.0 
13.0 
11.8 
14.1 
12.2 
16.1 
15. 8 
18.5 
17.9 
20.2 
22.1 
22.5 
22.9 
23.8 
21.7 

6,000 

N. 67 W. 
N. 14 W. 
N. 75 W. 

4,000 

Direction Velocity 

1- 

22.6 
20.4 
17.3 

250 

Direction Velocity I 

N.84 W. 
N. 68 W. 
N. 02 W. 

- 
Iclocity 

_ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ -  
18.7 
17.5 
22.4 

Direction 

8.1 
7.2 
7.3 
6.6 
7.5 
7.4 
8.4 
9.0 
9.9 
9.8 
9.4 
8.6 
9.2 
0.0 
9.1 
8.5 

Direction 1 Velocity 

N. 31 W. 
N.12 W. 
N. 7 W. 
N.30 E. 
S. 1 E. 
s. 4 w .  
S. 15 W. 
s. 19 w. 
6. 55 W. 
S. 03 W. 
W. 
S. 88 W. 
N .  73 W. 
N. B5 W. 
N . M  W. 
N. 37 W. 

Direction Vclocity Direction v'clocity 

5. 9 
6.4 
5.9 
0. 8 
6. 7 
6 . 4  
0. 5 
6.7 
7.5 
7. 2 
8.8 
0. 5 
0. 2 
7. 4 
5. 5 
5. 8 

____ 
Diroction Velocity 

N. 
N. 47 E. 
N. (i6 E. 
N. 79 E. 
S. 72 E. s. 51 E. 
S. 20 E. 
S. 14 E. 
S. 15 W. s. 34 w. 
s. 57 w. s. 73 W. 
s. 53 w. 
N.51 W. 
N. 40 W. 
N. 42 W. 

N. 30 W. 
N. 1 E. 
N.  30 E. 
N.  76 E. 
N. 75 E. 
S. 17 E. 
S. 10 E. s. 1 E. 
S. 41 W. s. 47 w. 
S. 69 W. 
S. 83 W. s. 84 w. 
N. 59 W. 
N. 47 W. 
N. 31 W. 

- - - - - - - - - 
N .  74 w. 
N. M W. 
N. 12 E. 
N. 3 W. 
S. 40 W. 
N. 71 W. 
S. 80 W. s. 68 w. s. 65 W. 

s. 57 W. 

-. - - - - - - - 

~ -. - -. - - - 

- - - - - - - - - 
11.3 
10. 3 
8. 7 
7. 9 

5. 9 
C. 2 
B. 3 
0. 7 
6. 1 
A. 2 
7. 0 
7.4 
8.2 
7.9 
7. 2 
7. 1 
0.0 
7. 5 
5. 8 
6. 0 

- - - - - - - 
8.4 
7.4 
9.0 
8.7 
8. 7 

WINTER 

8.5 
7. 0 
8.4 
7. 4 
7. 0 
8.0 
9.4 

11. 0 
10. 5 
11. 2 
10. 2 
9. 7 

10. 7 
9. 7 
9.8 
9.9 

11. 4 
8. 2 
8.5 
7. 9 
9. 1 
9.3 

11. 1 
13.4 
13.8 
14.0 
15. 2 
15.0 
16.0 
15.8 
16. 0 
14.3 

I 
N. GE. 
N. 33 E. 
N. 57 E. 
N. 84 E. 
S. 71 E. s. 48 E. 
9. 21 E. s. 9 E. 
S. 13 W. s. 33 w. s. 57 w. s. 75 W. 
N. 81 W. 
N. 53 W. 
N. 39 w. 
N. 20 W. 

E. 1 
7.3 
7. 6 
7.3 
7. 1 
7. 5 
8.0 
9.3 
8.6 
9. 4 
8. 1 
8.4 
9.4 
8.0 
8.9 
8.9 

ANNUAL 
- 

9. 3 
7. 8 
7. 0 
6.8 
7.7 
7.5 
8.8 
9.1 
10.3 
10. 3 
10. 7 
10.7 
11,. 6 
12.5 
11.9 
10. 7 

7. 6 
7.3 
7. 1 
6.9 
6.7 
6. 8 
7. 5 
8.3 
8.3 
8. 1 
7.9 
7.5 
7.5 
7. 7 
7.5 
7. 7 

8.2 
7.5 
7.7 
7. 1 
7.2 
7. 5 
8.5 
9.0 
0.8 
9.3 
8. 0 

8.4 

8.4 
8.6 

8.4 

n. 5 

4.9 
4.4 
4.2 
4. 1 
4. 1 
4.2 
4. 1 
4. 6 
4.7 
4.8 
4.0 
4.4 
4. 3 
4.0 
4. G 
4.8 

N. 7 W. 
N. 26 E. 
N. 57 E. s. 82 E. s. 44 E. 
S. 29 E. s. 5 E. s. 2 W .  s. 29 w. 
5. 61 W. s. 74 w. s. a4 w. 
N. 75 W. 
N. 57 W. 
N. 46 W. 
N. 30 W. 

N. 67 W. 
N. 60 W. 
N. 50 W. 
N. 33 W. 
N. 80 W. 
6. 35 W. s. 55 w. 
5. 0 8 w .  
9. 71 W. 
s. 83 w. 
N. 78 W. 
N. 80 W. 
N. 55 W. 
N. 63 W. 
N. 42 W. 
N. 50 W. 

N. 05 W. 
N. 50 W. 
N. 58 W. 
N.49 W. 
N. 59 W. s. 70 w. 
S. 36 W. s. 74 W. 
N. 80 w. 
N. 82 W. 
N. 63 W. 
N. 50 W. 
N. 51 W. 
N. 42 W. 
N. 53 W. 
N. 48 W. 

13.6 
11. 2 
11. 2 
10. 1 
10.3 
10.3 
10.8 
11. 1 
13. 1 
12. 0 
13. 6 
14.0 
14. 9 
16.9 
17. 5 
14.8 
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Jelocity 

SUPPLEMENT NO. 26 

TABLE 9.-Average free-air winds,  m. p .  s., for different surface directions-Continued 

(Figures in direction column represent dcgrees) 

ALL T H E  STATIONS-GROUPS 1-9, INCLUSIVE 

_ _ ~  
Direction 

-___ 

SUMMER 

N. 6 E .  
N. 30 E. 
N. 54 E. 
N. 81 E. 
S. 67 E. 
S. 50 E. 
S. 18 E. 
S. 4 E. s. 17 w. 
S. 38 W. 
S. 60 W. 
S. 77 W. 
N.78 W. 
N.57 W, 
N.41 W. 
N.20 W. 

Altitude, meters 

7.7 
7.4 
7.4 
7.0 
6.9 
7.4 
7. 6 
9.3 
9.3 
9.5 
9.4 
8.7 
9.5 
8.7 
9.3 
8.7 

Surface 

9.4 
8.0 
7.9 
7.2 
8.0 
9.9 

10.1 
12.3 
12.5 
13.8 
13.6 
12.3 
13.2 
12.2 
12.5 
11.7 

250 

N.47 W. 
N.43 W. 
N.70 W. 
5. 8 E. s. 01 w. 
S. 51 W. s. 59 w. 
S. 61 W. 
S. 73 W. 
S. 81 W. 
N.85 W. 
N.  79 W. 
N.88 W. 
N. 60 W. 
N. 56 W. 
N.53 W. 

500 

7.5 
7.0 
0.9 
6.8 
6.4 
6.8 
7.3 
8.2 
8.8 
8.8 
8.4 
8.1 
8.1 
8.3 
8.1 
7.9 

1,000 I 2,000 

N. 4 E. 
N.36 E. 
N. 58 E. 
N. 83 E. 
6. 65 E. 
S. 42 E. 
6. 14 E. s. s. 22 w. 
6. 41 W. 
S. 62 W. 
S. 81 W. 
N.79 W. 
N. .58 W. 
N.41 W. 
N.20 W. 

4,000 6,000 

Direction Direction Direction Direction I Velocity Velocity 

7.7 
0.8 
6.4 
6. 5 
0. 7 
5.8 
6.4 
7. 6 
8.0 
7.7 
7.8 
8.1 
8.9 
9.0 
9. 1 
8.6 

Velocity relocity Velocity 

6. 2 
6.4 
6. 3 
6.6 
6.0 
6. 1 
6.9 
7. 4 
8.3 
8.4 
8.0 
7.7 
7.4 
8.2 
6.0 
6.7 

Direction Velocity 

5.8 
6. 3 
5.7 
6.3 
5.6 
6.0 
6. 2 
6. 7 
7.3 
7.4 
7.5 
6.8 
6. 7 
7.3 
6.0 
6. 1 

Direction 

10.2 
9.9 
8. 5 
8.4 
7.4 
6. 6 
8.0 
6.9 
9.3 

10. 1 
9.7 

10. 1 
11.4 
12.8 
12.1 
10.9 

N.48 W. 
N.70 W. 
N.65 W. 
N. 15 W. 
N. 78 E. 

9. 64 w. 
N.84 W. 
N.88 W. s. 6 8 w .  
6. 87 W. 
N.61 W. 
8. 89 W. 
N.51 W. 
N.71 W. 
N.68 W. 

- - - - - - - - -. 

13.6 
12 9 
11.6 
10.1 
8.7 

10.0 
9.8 

11.3 
11.0 
11.3 
14.7 
12.4 
14.7 
17.4 
16. 0 

_ _ _ _ _ _ - - -  

N. 4 E. 
N. 39 E. 
N. 56 E. 
N. 73 E. 
S. 81 E. 
S. B E .  
S. 28 E. 
S. 12 E. 
S. 13 W. 
S. 30 W. s. 53 w. 
8. 76 W. 
N.87 W. 
N.62 W. 
N.37 W. 
N. 28 W. 

I 

WINTER 

I 1- 
11.9 
9. 0 
9.8 
9. 1 
9.8 

10.8 
12. 0 
14.6 
14. 6 
15.8 
16.6 
16.1 
16.9 
10.5 
18.4 
15. 0 

4.8 
4. 6 
4.3 
4.0 
3.7 
4.0 
4.0 
4.8 
5.0 
4.9 
4.9 
4.7 
5. 6 
5.2 
5.8 
5. 5 

I I I 

ANNUAL - 
ia 6 
18. a 
16.8 
16.0 
14.6 
16.3 
15.7 
18.8 
17.4 
16.7 
17.8 
17.7 az. 0 
24.0 
22.6 
21.3 - 

8.5 
7.4 
7.3 
6. 9 
7.3 
7.5 
8. 5 
9. 5 

10. 6 
10.8 
10.3 
9.8 

10. 1 
10.4 
10.0 
9.5 

10.2 
8.0 
8.2 
7.4 
8.0 
8.1 
9.2 

10.4 
11.3 
11.7 
11.9 
12.3 
12.8 
13.3 
12.8 
12.0 

N.51 W. 
N.64 W. 
N.52 W. 
N.50 W. 
N. 74 W. 
8. 67 W. 
8. 71 W. 
8. 80 W. 
8. 77 w. 
6. 88 W. 
N.79 W. 
N. 78 W. 
N.58 W. 
N.64 W. 
N.48 W. 
N.53 W. 

8.2 
7.5 
7. 5 
7.0 
7. 1 
7. 5 
8.3 
9.2 

10.4 
10.0 
9. 5 
9. 2 
9.1 
9.3 
9.0 
8.8 

N. 59 W. 
N.56 W. 
N.57 W. 
N. b7 W. 
N.BO W. 
N.88 W. 
8. 65 W. 
8. 88 w. 
N. 85 W. 
N.82 W. 
N. 67 W. 
N.66 W. 
N.53 W. 
N. 61 W. 
N.68 W. 
N.63 W. 

14.7 
12.4 
12.1 
11.0 
11.1 
11.5 
11.9 
13.8 
14.4 
14.4 
15.2 
16.4 
17.2 
18.7 
18.3 
17. 1 
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4. ~ r e Q ~ e ~ y o f f r e e - a ~ r ~ ~ s ~ r o r n a ~ ~ e r ~ n t a ~ r e c ~ ~ o n s . -  
The frequency of different directions at  the earth’s 
surface is fairly well known, or at  any rate can be readily 
obtained from climatological summaries, for all parts of 
the country. For the year as a whole there is in general 
comparatively little variation, although westerly winds 
are somewhat more frequent than are easterly, except 

2 per cent of the time, but in Group 6 the frequency is 
14 per cent in summer and autumn with an average of 
9 for the year. 

In Table 10 and Figure 7 are shown not only the fre- 
quencies of different directions at  the surface, above dis- 
cussed, but also those for various levels in the upper air. 
Table 10 contains seasonal and annual values a t  the 

ha. B.-Average Bnnud h m a s e  Of free-air wind velocitias above surface Velocity for difforeut surface directions in eastern and central United States 

during summer in Florid? and southern Texas (Groups 
7 and 9). There is also in all sections a seasonal swing 
from a slight preponderance of south corn onent winds 

ponent winds in winter, with the smgle exoeption of the 
plains States (Group 8) ~1 which southerly winds are 
more frequent than northerly throughout the year. 
For the most part calms are observed only about 1 to 

in summer to a similar preponde.mm o B north com- 

surface, 250, 500, 1,000, 2,000, 4,000, and 6,000 meters, 
and Figure 7 presents curves showing the frequencies 
for summer and winter only, at  the surface, 1,000, 2,000, 
and 4,000 meters. In section. 5 a series of charts in 
Figures 10 and 11 gives similar information in a different 
form for 500 and 1,000 meters, the more usual flying 
levels, and includes the average velociti@s for tho dif- 
ferent diroctions, 
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sw ........................ 
WSW ...................... w 
WNW ..................... 
NW ....................... 
N N W - - . .  
Calm ...................... 

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

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

33 

9 11 7 3 

5 8 11 22 
e 11 16 16 

5 7 7 10 

4 3 4 9 18 27 31 6 5 7 4 
7 8 8 8 10 10 1 0 

3 3 4 7 8 4 
2 3 3 

1 10 10 0 1 

AS may be seen from Table 10 and Figure 7, there is 
in most parts of the country a pronounced swing above 
the surface to westerly directions as those of greatest 
frequency. 
creases with altitude in all seasons. For example, in 
the Northern States, west component winds prevad at 
4 kilometers 90 to 95 per cent of the time in winter, 
about 80 in summer and 85 to 90 for the year as a whole. 
In the Southern States a west component is still strongly 
predominant in winter, but much less pronounced in 
summer, In  the extreme South, i. e., Florida and south- 
ern Texas, an east component is more frequent khan a 
west a t  all levels in summer. Generally speakmg, a 
south component in the winds at  upper levels occurs 
more frequently than a north component in the Southern 
States, whereas the opposite condition is found in the 
Northern States. These characteristics are well shown 
in Tables 11 and 12 which give the seasonal and annual 
percentage frequency of a west and north component 
respectively (and, by subtraction from 100, the frequency 
of east and south also) for all nine groups. These 
tables include data for 8 and 10 kilometers and show 
that at these heights the wind frequencies do not differ 
materially from those at  4 and 6, although, as Table 3 
indicates, the velocities themselves are considerably 

TABLE lO.-Avcrage percentage frequency of free-air winds front 
diflerent directions-Continued 

GROUP 1-Continued 
This tendency is strongest in winter and in- . 

3 
0 
1 
0 
0 
1 
1 

10 
0 
2 
3 
8 

18 
31 
21 
11 
0 

greater. 

TABLE lO.-Average percentage frequency of jree-air winds from 
different directions 

GROUP 1 

SPRINQ 
- .____ --- __ 

I I  Altitude, meters 

3 
0 
0 
2 
2 
0 
0 
8 
0 
0 
3 
3 

33 
11 
30 

5 
0 

4 
3 

' 0  
1 

1 

4 

0 

22 
14 

SUMMER 

1 
10  

2 1  
10  

2 1  1 

2 1  1 
1 

4 2  
5 5  
7 8  

14 
2 0 2 8  

25 
10 

0 0  

, I 

N  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - -  - 
"E. . - - - - - . . - - . - - - - - - - - - -  
N E  ........................ 
E N E  ...................... 
E .......................... 
ESE. ...................... 
SE. ........................ 
SSE __._ ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
8 .......................... 
SSW.. ..................... 
s w . -  _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - -  
WSW ...................... 
W ......................... 
WNW ..................... 
NW.----.-.-.-.----------- 
NNW ..................... 
Calm-.- - _ _ _ _  ~ _ _ _ _ _ _ _  ~ __ - - -  

6 

9 
19 
14 

7 7  
4 4  
2 2  

2 1  
3 2  
3 3  

6 
6 5  
8 7  
7 6  
6 9  

12 
18 
16 

0 0  

2 1  2 2  

6 
4 
1 
3 
2 
1 
2 
3 
3 
8 

Direction 

N 7 - - - *  _ _ _ , , ) _ _ _ _ _ _ _  L _ _ _ _ _ _ _ _ _  
N N E  
N E  
ENE 
E .......................... 
ESE ....................... 
SE ......................... 
SSE ....................... 
s 
8 8 W  sw ........................ 
WBW.. .................... 
w ......................... 
WNW ..................... 
NW.---------------------- 
NNW 
Calm ...................... 

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

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

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

sur- 
face 

250 500 1,000 2,000 4,000 6,000 
------------- 

3 
0 

1 

8 0 0 6 4 2 
7 

5 
5 4 3 3 
4 6 4 3 

7 7 5 5 3 0  
8 7 7 

6 6 7  8 9 4  

5 5 3 3 4  

1 0  
6 5 6 3 3 3 1 1 0 

5 5 5  5 3 1  ! 
9 10 10 7 3 8 0 8 0 7 2 3 

11 4 5 6 7 10 13 
4 3 5 7 11 25 25 22 
6 5 4 7 16 21 

14 16 15 
11 6 9  

7 
8 7 

' 0  1 0  O O O 0 O !J !k 0 

SUMM E R-Continued 

Altitude, meters 
- 

N . .  ....................... 
NN.. ..................... 
NE ........................ 
E N I  ...................... 
E .......................... 
ESE ....................... 
SE ......................... 
SSE _ _ _ _ _ _  _ _ _  _ _ _ _ _ _ _  ~ _ _ _ - - -  - 
s .......................... ssw ....................... 
EW.-- . - - . - - - - - - - - - - - - - - - - -  wsw ...................... 
W ......................... 
WNW ..................... 
NW ....................... 
NNW ..................... 
Colin.. ................... 2 

6 

2 
2 
2 

1 
1 
2 
2 

AUTUMN 

8 
2 

0 
4 1  

i 
2 1  

1 
1 
0 

WINTER 

I I I 

3 

6 

15 
12 

6 7  
6 4  
6 3  
3 2  

3 
4 4  

4 
0 6  

11 
12 

8 
5 
3 
2 
2 
2 
3 
5 
7 
8 
8 
6 
6 

10 
13 
11 
1 

N _ _ _ _ _ _ _ _ _ _ _ _  ~ _ _ _ _ _ _ - _ -  - - - -  
N E . .  ...................... 
E N E  ...................... 
E.... ...................... 
ESE ....................... 
SE ......................... 
S8E ....................... 
8 .......................... 
SSW-. _ _ _ _ _ _ _ _ _  _ _ _ _  - - _ - - - -  - 

...................... NNE 
7 5 

5 
5 4 

4 3 
4 4 
6 4 

8 0 
11 11 
12 14 
9 12 

6 

4 
2 
1 
1 
1 
1 
2 
2 
3 
7 
9 
9 

12 
19 
18 
9 

' 0  

4 
2 
1 
1 
1 
1 
1 
1 
1 
2 
6 
8 

10 
22 
21 
0 

10 - 
1 Less than 0.5 per cent. 



5 
5 
4 
5 
4 
4 
3 
5 
9 

12 
11 
7 
9 
6 
4 

1 0  

~- 
6 
4 
4 
5 
3 
4 
2 
4 
8 

12 
12 
9 
9 
0 
4 

7 8  
10 

4 
3 
1 
1 
1 
3 

' 0  
1 
2 
6 
4 
6 

16 
21 
21 

lo 0 

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

25 
20 
10 
0 

6 
5 
4 
4 
3 
3 
2 
4 
5 

10 
11 
7 
7 
6 
1 

10 12 

7 
3 
3 
2 
2 
1 
2 
2 
3 

11 7 
12 
13 
12 
10 
10 
0 

4 
3 
3 

3 

4 
3 
3 

2 2  
2 2  

2 
6 
9 

10 
8 
9 
9 
8 

10 
8 

' 0  

4 
6 
8 

11 
12 
12 
9 

10 
6 

10 

6 
5 
5 
G 
4 
a 
4 
4 
4 
0 
9 

10 
14 

R 
0 
6 

' 0  

5 
5 
7 
6 
3 
2 
3 
3 
4 
5 
8 

12 
15 
10 
6 
7 
0 

3 
4 
2 
2 

2 2 
2 
1 
4 
1 
8 
5 

14 
17 
23 
12 
1 0  

a 
2 
2 
0 

2 
(i 
7 
2 
5 
9 

12 
1; 
20 

5 
0 

. 1  4 

6 
3 
3 
1 
1 
2 
1 
2 
2 
2 
7 

l2 11 
16 
20 
10 
1 

0 
2 
3 
2 
2 
2 
1 
1 
3 
2 
8 

11 
14 
14 
18 
11 
1 0  

6 
4 
3 
3 
2 
3 
4 
4 
8 
7 

9 
11 
9 
9 

1 

4 
3 
3 
3 
2 
3 
4 
3 
6 
6 

9 8  
10 
13 
12 
11 

8 8  
1 

6 
5 
3 
2 
3 
4 
5 
7 
9 
9 
8 
6 
5 
7 
9 
8 
4 

5 
4 
3 
3 
3 
2 
4 
6 
11 
6 

10 
9 
6 
9 

10 
8 
1 

2 
3 
1 
1 
1 

' 0  
1 
1. 
5 
6 
9 

14 

19 
14 

5 
0 

19 

7 
1 
2 
1 
0 
0 
0 
0 
3 
5 
8 
0 

24 
14 
6 
0 

2n 

3 
3 

4 
3 
4 
6 
7 
8 

10 
11 
9 
7 
6 
5 
4 
6 

4 
3 

4 4  
2 
3 
3 
G 
6 
9 

10 
12 
9 

11 
7 
0 
B 

10  

5 
3 
2 
1 
2 
2 
2 
4 

10 

0 
12 
11 
12 
9 
7 

10 

4 
2 
1 
1 
1 
1 
1 
2 
5 

9 9  
12 
13 
18 
13 
12 

'0 
1 

___I_ 

2 
2 
1 
1 
0 

0 
0 
3 
2 

11 

21 
21 

4 
1 

6 

25 

11 
3 
3 
0 
0 
0 

0 
0 
0 
0 

17 
Y! 

a 
0 

O 3  

14 

14 

4 
3 
4 
2 
3 
2 
2 
3 
2 
4 

12 
11 

2 
2 
2 

1 0  
2 
0 
1 
3 
2 
3 
6 

15 

5 
3 
2 
1 
2 
2 
2 
3 
8 
9 

9 
14 
13 
11 

' 0  

4 
2 
1 
1 
1 
1 
1 
2 
4 
7 

9 9  
15 
16 
14 
14 

7 8  
0 

3 
1 

10 
1 
1 
1 
1 

1 
4 
6 

14 
23 
21 
14 
9 
0 

4 
0 
1 
1 

1 0  
0 

1 0  
0 0  

2 
1 
3 
7 

27 
24 
31 
9 
0 

5 
2 
2 
2 
1 
1 
2 
1 
3 
5 
8 

13 
18 

12 

' 0  

17 

-__ 
5 
2 
2 
1 
1 
1 
1 
1 
2 
3 
6 
9 

18 

19 
8 9  

' 0  

2n 
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T ~ R L E  lO.-Average pcrccniccge frequency os f r eea i r  i u i n d ~  from 
different directions-Continued 

GROUP 3 

TABLE lO.-Avernge percentage frequencu o j  free-air winds from 
different directions-Continued 

GROUP 2 
SPRING 

Altitude, meters 

SPRING 

Altitude, ineters 

6,000 250 1 500 4,000 1 6,000 500 I 1,Ooo 
61  6 G 

4 
4 
3 
2 
1 
2 
1 
4 
6 
8 

13 
16 
12 
10 
8 

' 0  

8 
5 
4 
2 
1 
2 
2 
1 
1 
4 
6 
7 

14 
19 
14 
10 
0 

8 
4 
5 
1 
1 
2 
3 
0 
1 
2 
4 
9 

20 
12 
22 
6 
0 

I 

SUMMER SUMMER 

8 1  6 
6 
5 
4 
5 
4 
4 
5 
4 
7 
9 

12 
11 
7 
5 
G 

' 0  

8 
5 
4 
3 
3 
2 
2 
4 
2 
4 
7 

11 
10 
16 
12 
8 

' 0  __ 

3 
5 
3 
2 
2 
3 
3 
4 
3 
8 
9 

15 
14 
13 
7 
0 

4 
4 
5 
5 
G 
8 

10 
10 

AUTUMN AUTUMN 

4 
3 
2 
2 
1 
2 
3 
G 

12 
10 
8 

11 
9 
0 

10 
8 

' 0  
.- 

4 
2 
2 

10 
1 0  
1 
1 
1 
2 
7 
9 

15 
10 
19 
12 
6 
0 __ 

4 
4 
1 
0 
0 
0 
0 
1 
1 
2 
6 

12 
17 
24 
17 
10 
1 ~- 

4 
3 
3 
2 
4 
3 
4 
5 
7 

10 
11 
13 
12 
7 
7 
6 

1 0 

5 
2 
4 
2 
3 
2 
2 
3 
5 
8 

13 
13 
16 
9 
9 
4 
0 __ 

4 
3 
3 

1 0  
2 
1 
1 
2 
4 
8 

11 
14 
I6 
16 
10 
G 
0 - 

5 
3 
2 
2 
3 
4 
5 
8 

11 
11 
8 
7 
6 
8 
8 
7 
2 ___ 

3 
2 
2 
1 
0 
0 

' 0  
1 
3 
5 
9 

10 
19 
20 
19 
6 
0 

WINTER WINTER 

2 
1 
3 
4 

3 
4 
3 
6 
8 

12 
11 
11 
I1 
7 
5 
1 

2 
0 
2 

4 
4 
3 

7 
4 
2 
2 
2 
1 
3 
6 

12 
9 
6 
7 

12 
IO 
9 
8 

' 0  

0 
0 
0 
2 

a 
4 
2 
4 
3 
5 
7 

12 
12 
14 
10 
8 
A 

10  

0 
n 
4 
0 
0 

30 
2? 
28 
9 
0 

ANNUAL ANNUAL - 
5 
3 
3 
1 
1 
1 
1 
1 
1 
3 
4 
8 

20 
18 
21 
9 

10 - 

6 
4 
3 
3 
3 
4 
5 
7 

10 
10 
7 
6 
6 
7 
9 
8 
2 

5 
4 
2 
2 
2 
2 
3 
4 
8 
9 
9 

10 
11 
11 
10 
8 

' 0  

5 
3 
2 
2 
2 
2 
2 
3 
6 
7 

10 
12 
15 
12 
11 
7 

' 0  

3 7 
3 s 

2 

1 
1 

l 1  

I 2  

3 4  7 

3 
3 

1 
4 

6 
0 

21 
8 

6 
3 
3 
2 
2 
2 
3 
6 

12 
9 
8 
8 
9 
9 

10 
8 

' 0  
I - 

1 Leas than 0.5 per cent. 1 Less thso 0.6 per cent. 
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Direction 

.N .......................... 
N N E  ...................... 
N E  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - -  
E N E  ...................... 
E _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - -  
ESE _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - -  - - - - - -  
S E  . . . . . . . . . . . . . . . . . . . . . . . . .  
.SEE _ _ _ _ _ _ _ _ _ _ _ _  ~ _ _ _ _ _ - _ _ _ - -  
.S ........................... ssw ....................... 
.SW _ _ _ _ _ _ _ _ _ _  ~ _ _ _ _ _ _ _ - _ _ _ _ _  wsw ...................... w _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ - - - -  ---- 
WNW-----------.--------- 
.NW ........................ 
N N W  ______._______________ 
Calm ....................... 

OF THE UNITED STATES 

Sur- __ 
face 

250 
-- 

5 7 
5 4 
5 4 
4 3 
4 4 
3 3 
3 3 
6 5 
8 8 

10 9 
8 9 
7 7 
7 7 
8 9 
9 10 
7 8 
2 10 

35 

N.-.. ...................... 
N N E  ...................... 
NE ........................ 
E N E  ....................... 
E.. ........................ 
ESE ....................... 
SE _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - -  - - -__  
SSE..-. _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - _ _  
S ........................... ssw ....................... sw ........................ wsw ...................... 
W .......................... 
WNW ..................... 
NW ........................ 
NNW ...................... 
Calm ....................... 

TABLE lO.-Average percentage frequency of free-a,ir winds from 
different directions-Continued 

GROUP 4 
SPRING 

6 
G 
8 
7 
G 
4 
3 
5 
8 
9 
9 
7 
5 
5 
5 
5 
2 

TABLE~lO.--Average?Spercentage frequencyvof free-sir winds from 
diflerent directions-Continued 

GROUP 5 
SPRINQ 

4 
3 
2 
2 

2 
1 
3 
5 
7 

14 
17 

15 13 
8 

10 

Altitude, meters 

__- 
5 
1 
1 
1 

2 3  2 2  

2 
1 
'0 

3 
3 

14 
21 

20 12 
10 
1 

Altitude, meters 

5 
4 
3 
2 
3 
2 
3 
6 

9 
9 
9 

10 
10 
9 
'0 

8 9  
6 
3 
2 
1 
2 
2 
2 
3 

8 7  
11 
9 

11 
12 
11 
10 
10 

1 
1 
1 
1 

4 
6 

12 
16 
14 
15 
11 

7 8  
4 3  
3 3  
2 4  

1 0  
1 
1 
1 

2 2  
2 
5 

11 
18 
17 
14 
10 

0 0  

9 
4 
2 
2 
2 
1 
2 

1 0  
3 
5 
9 
8 

18 

11 
7 

1 0  
..~ 

9 
5 
2 
1 
0 
0 
2 
1 
1 
5 
7 

17 
20 
15 
8 
7 
0 

N - - -. -. - - - - - - - - - - -. 
NNE ...................... 
NE ........................ 
ENE ....................... 
E .......................... 
ESE-.--.--.-----.--.------ 
SE ......................... 
SSE ....................... 
s. ssw ....................... sw ........................ 
w s w w .......................... 
WNW ..................... 
NW ........................ 
NNW.. .................... 
Calm ....................... 

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

' 

8 
8 
3 
2 
3 
1 
1 
1 
2 
2 
6 

14 
15 
15 
9 

lo 0 

8 
0 
0 
3 
1 
1 
2 
3 
5 
3 
5 

11 
22 
14 
7 
3 
0 

6 
I O  

N _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~ _______.___ 
N N E  ...................... 
NE----.-.-----.--.-------- 
E N E  ...................... 
E _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
ESE ____________________.- 
SE _______._ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _  
SSE ........................ 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ssw ....................... sw.. ...................... 
WSW ...................... 
W-----* . . . . . . . . . . . . . . . . . . . .  
WNW.. ................... 
NW ........................ 
NNW ...................... 
Calm _ _ _ _ _ _ _ _  ~ ___-_--.----- 

G 
8 
5 
4 
3 
3 
4 
5 
8 

10 
10 
8 
G 
5 
G 
7 
4 

7 
6 
G 
5 

2 
3 
2 
7 

12 
10 
9 

1 

6 
6 
G 
5 

3 4  
3 
2 
2 
4 

11 
9 

11 
0 7  
6 7  
8 9  
7 8  

'0 

4 

2 
2 
3 
5 

11 
12 
12 
9 
9 

' 0  

7 7  
6 5  

0 
5 3  
3 3  
2 1  

2 
1 
2 
2 
5 

13 
10 
14 
12 

8 8  
' 0  

5 
4 
5 
3 
3 
1 
1 
1 
1 
4 
7 

11 
18 
l a  
I 1  
7 

1 o 

7 
7 
2 
2 
1 
1 

1 0  
10 
1 
3 
5 

13 
19 
21 
18 

5 
0 

N _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
N N E  ...................... 
N E  ........................ 
ENE-..---..--..---------- 
E .......................... 
ESE ....................... 
SE ......................... 
SSE ........................ 
S ........................... ssw ....................... sw ____-_ -_ - - - - - -__________  wsw ...................... 
W .......................... 
WNW _ _ _ - -  - - - - -  --_._-_ _ _ _ _  
NW ........................ 
NNW.. .................... 
Calm _ _ _ _ _ _ _ _ _ _ -  ~ _ _ _ _ _  ~ _ _ _ _  

6 
5 
6 
4 
3 
3 
3 
4 
6 
7 
7 
7 
8 

10 
11 
8 
2 -___ 

.- 
N .......................... 
"E ...................... 
NE ........................ 
E N E  ....................... 
E .......................... 
ESE ....................... 
SE ......................... 
SSE ........................ 
s ........................... ssw ....................... sw ........................ wsw ...................... w .......................... 
WNW ..................... 
NW ........................ 
NNW ...................... 
Calm _.________________.___ 

7 
7 
6 
5 
3 
3 
:I 
3 
5 
7 
0 
\1 

10 
8 
G 
G 
3 

a 
0 
7 

3 
2 
3 
3 
3 
G 

10 
12 
9 

G 
0 

9 

7 
li 
G 

5 4  
3 
2 
1 
2 
4 
5 

11 
13 
10 

8 . 9  
8 
0 

n 

3 
2 
1 
0 
10 
'0 

0 
'0 

0 
1 
4 

14 
24 
25 
19 
7 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
4 

15 
21 
23 
31 
6 
0 

N-... ....................... 
N N E  ...................... 
N E  ........................ 
ENE----.-.----.---------- 
E.. ....................... 
ESE ...................... 
SE. _ _ _ _ _ _  _ _ _ _ _  ___ - - - -  - - - - - -  
SSE ........................ s. . . . . . . . . . . . . . . . . . . . .  - - - -_ -  ssw ....................... sw ........................ 
WSW ...................... w .......................... 
WNW ..................... 
NW ........................ 
N N W  ...................... 
Calm _ _ _ _ _ _  ~ _ _ _ _ _ _ _ _ _ - - - - - -  

G 
4 
4 

2' 
2 
2 
3 

11 
13 
13 
9 
3 

6 
4 
4 

3 3  
3 
1 
1 
2 

5 4  
6 5  
6 6  
8 8  

12 
15 
17 
9 

' 0  

5 

4 
2 
1 
2 
2 

3 
4 
7 '  
8 

12 
18 
18 

'0 

0 
3 3  

2 
2 
1 

' 0  
1 

2 1  
2 

, 4  
F, 

10 
15 
18 
20 

9 9  
' 0  

0 
1 

' 0  
0 
0 
0 
2 

13 
32 
27 
19 
5 
0 

0 
0 
0 
0 
0 
0 
0 

1% 
30 
28 

0 
22 " 

5 
3 
2 
1 
1 
1 
1 
I 
1 
3 
5 

12 
22 
21 
14 
7 

' 0  

-- 
6 
3 
2 
1 
1 
1 
1 
1 
1 
3 
4 

I 3 
22 
20 
16 
5 
0 

- 
5 
4 
3 
3 
1 
1 
1 
1 
1 
1 
6 

12 
19 
19 

0 
l4 10 

7 
3 
2 
3 
2 
1 
1 
1 
2 
1 
3 

18 
18 
7 
10 

;: 

5 

3 
2 
1 
1 
1 
3 
5 
8 

10 
12 
14 
15 
10 
10 

7 G  
3 

3 3  
2 
2 
1 
1 
1 
2 
2 
6 

12 
18 
18 
16 
9 

' 0  

face Direction 
2,000 1 4,000 -- 6,000 __ 

12 
3 
2 
4 
3 
1 
1 
1 
3 
0 
3 
8 

17 
16 
15 
11 
0 

250 500 1,000 2,000 1 4,000 .G,000 

7 
8 
6 
7 
6 
4 
3 
4 
5 
9 

13 
8 
7 
4 
5 
6 

10 

7 
G 
5 
G 
4 
3 
3 
3 
6 
9 

12 

8 
G 
G 
7 

'0 

n 

7 
4 
4 
3 
3 
3 
2 
2 
4 
7 

14 
11 
12 

7 
8 

' 0  

n 

5 
3 
3 
2 
3 
3 
1 
1 
2 
2 
4 
1 

79 
17 
22 

I3 
0 

SUMMER SUMMER 

4 
5 
G 
6 
6 
4 
4 
G 
0 

12 
1 3 
10 
8 
4 
3 
3 
1 

5 

4 
7 
i 

15 
10 
10 
5 
3 

AUTUMN AUTUMN - 
8 

10 
9 
7 
4 
3 
3 
3 
6 
7 
8 
7 
0 
0 
0 
7 
1 _- 

5 
5 
5 
4 
3 
2 
2 
3 
7 
7 
7 
G 
Q 

11 
14 10 

0 
__ 

6 
4 
5 
3 
2 
3 
3 
3 
4 
7 
7 
7 
0 

12 
15 
10 
' 0  

~ 

7 
5 
3 
2 
1 
1 
2 
1 
4 
5 
6 
8 

12 
14 
18 
11 
'0 __ 

6 
3 
3 
2 
1 
1 
1 

'0 
2 
3 
5 

11 
17 
10 
17 
10 
' 0  

3 
3 
3 
5 
1 
1 
1 

'0 
'0 
1 
7 

11 
20 

14 
11 
0 

i n  

0 
G 
1 
4 
2 
1 
1 
0 
0 
1 
2 
G 

22 
19 
1Q 

1 
n 

10 
10 
10 
6 
5 
1 
3 
3 
3 
5 
7 
0 
8 
7 
A 
7 
'0 

8 
7 
8 
4 
2 
1 
2 
2 
3 
4 
9 
0 

13 
0 
9 
0 
1 

8 
4 
6 
0 
2 
0 
2 
1 
1 
3 
3 
10 
18 
21 
10 

I; 
0 

11 
11 
11 

- 6  
3 
3 
3 
3 
3 
5 
9 
8 
8 
G 
5 
5 
'0 

N .......................... 
N N E  ...................... 
N E  ........................ 
E N E  _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _  
E .......................... 
ESE ....................... 
SE ......................... 
SSE ....................... s ........................... ssw ....................... sw ........................ wsw ...................... w. ........................ 
W N w  ..................... 
NW.... .................... 
NNW ...................... 
Calm----. .................. 

........ - 

WINTER WINTER -__ 
f i  
3 
2 
1 

__ 
2 
1 

'0 
0 

10 
1 

10 
1 
3 
7 

15 
28 
23 
1 G  
5 
0 

1 0  

1 0 

10 :,I II 0 

3 
2 
2 
1 
1 
'0 
10 
10 
1 
1 
4 
13 
23 
26 
17 
7 
0 

._ 

- 

8 
13 
10 
14 
14 
8 

10 
. I  

ANNUAL ANNUAL 
5 
3 
3 
2 
2 
1 
2 
1 
a 
4 
G 

13 
19 
17 
12 
8 
'0 

7 
5 
5 
3 
2 
2 
2 
2 
3 
G 

11 
12 
14 
10 
9 
7 

' 0  

6 
. 5  
5 
4 
3 
2 
2 
3 
8 
8 
8 
8 
9 

11 
12 
8 

' 0  - 

8 
5 
5 
3 
2 
3 
2 
2 
4 
8 
8 
9 
9 
12 
13 
9 

' 0  
_c 

7 
7 
7 
h 
4 
2 
3 
3 
5 
7 

10 
10 
10 
7 
G 
7 
'0 

8 
7 
8 
6 
4 
3 
3 
3 
6 
7 
11 
0 
9 
6 
5 
G 
'0 

8 
7 
7 
6 
4 
4 
3 
4 
7 
9 
10 
8 
7 
0 
5 
5 
2 

G 
5 
5 
4 
3 
3 
3 
4 
7 
8 
8 
7 

-8 
0 

10 
8 
2 

N . . - - - - - - - - - - - - - - - - - - 
N N E  ...................... 
NF.. ...................... 
ENE ....................... 
E 
ESE ....................... 
SE ......................... 
SSE ........................ 
8 ........................... ssw ....................... sw.--.-.-.---------------- wsw ...................... w .......................... 
WNW ..................... 
NW ........................ 
NNW ...................... 
Calm ....................... 

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

N - - - - - - - - - - - - - - - - - - - 
N N E  ...................... 
N E  ........................ 
E N E  ...................... 
E - - - - - - - - - - - - - - - - - - - - - - - 
ESE ....................... 
SE ......................... 
SSE ........................ 
6 ........................... 
SEW ....................... sw ........................ wsw ...................... w .......................... 
WNW ..................... 
N W  ........................ 
NNW ...................... 
Cnlm ...................... 

- 

~~ 

1 Less than 0.5 par cent, 1 Less than 0.6 per pent. 
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5 
6 

11 
7 
6 

8 
8 
9 
9 

10  

-- 
6 9  
5 4  
3 3  
5 4  

2 
4 

6 4  
7 5  

10 
10 
7 

5 8  
6 
8 
10 
8 

10  

Q 
4 
4 
2 
2 
1 
3 
2 
8 
6 
9 
9 
12 
12 
9 
8 
0 

-- 
8 
1 
2 
1 
1 
1 
1 
1 
1 
4 
6 
13 
17 
17 
17 
9 
0 

7 
6 

6 
5 

5 
7 
8 
6 
4 
5 
6 
7 
7 
7 
2 

6 
5 

7 6  
5 
7 

5 4  
5 
7 
12 
5 
4 
4 
8 
6 
8 
8 

' 0  

N .......................... 
NNE ...................... 
NE---. _ _ _ _  ~ _ _ _ _ _ _  ~ _ _ _ _ _ _ _ _ -  
ENE ....................... 

3 
4 
5 
6 

3 
6 
3 
6 

5 
3 
2 
3 
8 
10 
11 
11 
8 
9 
5 

1 0  

8 
8 
3 
3 

7 4  
5 
3 
2 
3 
5 
9 
10 
13 
12 
6 
6 
0 

5 
4 
2 

20 
9 

9 
5 
7 
6 
7 
0 
7 
0 
6 
0 

6 

9 

6 
0 
6 

6 
I 2  

U 
6 
6 
6 
3 
0 
6 
3 
3 
0 

21 

e 

N .......................... 
NNE ...................... 
NE ........................ 
ENE ....................... 
E .......................... 
ESE _ _ _ _  _ _  _ _ _ _ _  ~ _ _ _ _ _  _ _ _  _ _ _  
SE ......................... 
SSE ......................... 
S ........................... 
SSW ....................... 
SW ........................ wsw-.-.---.---.---.----~- w .......................... 
WNW ..................... 
NW ........................ 
NNW ...................... 
Calm ....................... 

4 
4 
4 
6 
9 
12 
10 
8 
8 
8 
8 
6 
4 
3 
3 
3 
0 

E _ _ _ _ _ _ _  ~ _ _ _ _ _  ~ _ _ _ _ _  ~ _ _ _ _ _ _  
ESE _ _ _ _ _ _ _ _ _ _ _ _  ~ _ _ _ _ _ _ _ _ _ _  
SE _ _ _ _  ~ _ _ _ _ _ _ _  ~ _ _ _ _ - _ - - -  _ - _  
SSE. ....................... 
S ........................... 
SSW ....................... 
sw ......................... 
WSW ...................... 

6 
6 
4 
4 
8 
8 
9 
8 

~ ~~ 

W. _ _ _ _ _ _  ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ -  
WNW.-- - - . - - - - - - - - - . - - - - - -  
NW ........................ 
NNW ...................... 
Calm ....................... 

8 
5 
4 
3 
14 

N .......................... 
NNE . . . . . . . . . . . . . . . . . . . . .  
NE ........................ 
ENE ....................... 
E .......................... 
ESE ....................... 
8E ......................... 
SSE ........................ s _ _ _ _ _ _ _  ~ _ _ _ _ _ _ _ -  ~ _ _ _ _ - _ - _ -  ~ ssw ....................... sw ........................ wsw ...................... w .......................... 
WNW ..................... 
NW ........................ 
NNW ...................... 
Calm _ _ _ _ _  ~ _ _ _ _ _ _ _  _ _ _  _ _ _  _ _ _  - 

5 
7 
11 
10 
7 
5 
4 
4 
3 
3 
3 
4 
5 
5 
5 
5 
14 

6 

8 
9 
13 
6 
4 
3 
4 
6 

4 
5 
6 
7 
7 
1 

5 
8 6  

7 
8 
13 
8 
4 
6 
5 
3 

3 3  
4 
6 
7 
6 
8 
1 

N _ _ _ _ _ _ _  _ _ _  _ _ _ _ _ _ _ _ _ _  ~ _ _ _ _ _  
NNE ...................... 
NE ........................ 
ENE ....................... 
E .......................... 
ESE ....................... 
SE ......................... 
SSE _ _ _ _  - _ _  _ _  ~ ~ ~ _ _  s ........................... ssw.. ..................... sw ........................ wsw ...................... w .......................... 
WNW ..................... 
NW..-* ..................... 
NNW ...................... 
Calm ....................... 

9 
12 
13 
12 
10 
8 
7 
5 
4 
3 
4 
3 
2 
1 
2 
5 
0 

6 
11 
16 
14 
12 
8 
4 
3 
2 
5 
2 
2 
2 
3 
4 

6 
6 
16 
16 
12 
10 
2 
4 
3 
3 
3 
3 
3 
4 
4 

0 0  

6 
7 
13 
16 
11 
7 
5 
4 
1 
6 
2 

6 
9 
9 
16 
11 
5 
2 
4 
6 
2 
5 

7 
6 
6 

3 
3 

4 

6 

7 

8 
8 
8 
6 

7 7 
5 5 
4 3 

4 4  3 
4 3 
4 3  

4 3  4 
4 4 

5 8 7  
6 7 

7 7 8  
7 8 

8 8 8  
9 10 
9 11 
10 8 
1 1 

2 
1 
0 

10 
10 
1 
0 
1 
1 
3 
7 
11 
25 
30 
12 
6 
0 

1 a 
1 
0 
0 
0 
0 
0 
0 
0 
4 
21 
29 
28 
11 
2 
0 

N _ _ _ _ _  ~ _ _ _ _ _ _  ~ _ _ _ _ _ _  ~ _ _ _ _ _ _  
NNE ...................... 
NE---.. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
ENE ....................... 
E .......................... 
ESE ....................... 
SE ......................... 
SSE ........................ 
5 ........................... 
8SW ........................ sw ........................ wsw ...................... w .......................... 

10 
11 
10 
9 
7 
6 
5 
6 
5 
8 
5 
4 
3 

11 
7 
10 

4 

4 

0 

8 6  
3 5  
9 3  

8 
11 
7 

6 8  
7 6  
6 4  
7 7  
4 6  

6 
4 4  

6 
5 8  
6 7  

10 

4 
2 
2 
4 
5 
4 
6 
5 

5 

12 13 
11 
8 
6 

3 
2 
3 
2 
1 
0 
1 
4 

7 6  
8 

7 9  

28 14 
13 
5 

0 0  2 

4 
2 
2 
2 
2 
1 
5 
6 
6 
9 
9 
12 
12 
13 
8 
0 

1 
1 
1 
1 
1 
2 
1 
3 
5 
7 
10 
19 
20 
18 
8 
0 

N--.. _ _ _ _ _ _ _  ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
NNE ...................... 
NE ........................ 
ENE ....................... 
E.. ........................ 
ESE ....................... 
SE ......................... 
SSE ........................ s ........................... ssw ....................... sw _ _ _ _ _ - - - -  - -_- - - - - - - -  - - - -  wsw ...................... w.-.. ...................... 
WNW ..................... 
NW ........................ 
NNW ...................... 
Calm ....................... 

7 
8 
9 
8 
8 
10 
9 
7 
6 
6 
6 
4 
2 
2 
3 
5 

10 

6 
4 

9 
10 
13 
10 

6 

6 
4 
3 

4 
4 
0 

6 
4 

8 4  
8 
12 
12 

6 6  10 
6 

6 6  
5 
5 
4 

3 4  
5 
4 

10 

7 
4 
3 
6 
4 

6 
6 

8 
9 
0 
9 
7 

10 

5 
3 
4 
4 
3 

5 3  
4 3  

2 
4 

7 6  
8 8  

9 
14 
14 
11 
7 

10 

6 

6 
7 
10 
9 

4 
6 
6 
5 
7 
8 
8 
6 

4 
6 

2 
6 
7 
4 

5 
7 
8 
12 
9 
10 
7 

a 

6 6  6 

6 
4 
3 
2 
2 
3 
2 
1 
2 
5 
6 

10 
11 
6 
0 

18 lo 

4 
3 
4 
3 
1 
1 
2 
1 
1 
2 
6 
12 
22 
19 
13 
6 

10 

TABLE 10.-Average percentage frequency Izf frce-air winds from 
diferent directions-Continued 

GROUP 6 
SPRINQ 

I I  Altitude, meters Aititdde, meter8 
Direction face 

- 
6,ooo - 

2 
1 
6 
1 
0 
0 
0 
0 
0 
3 
5 
9 
27 
21 
18 
7 
0 

Direction 
250 

- 
m 

8 
6 
4 
6 
11 
11 
11 
10 
7 
4 
4 
4 
3 
2 
6 
6 
0 - 

2% 
- 

5 
5 
5 
6 
9 
13 
17 
7 
7 
6 
4 
4 
2 
2 
6 
6 
0 - 

-I- 
N _ _ _ _ _ _ _ _ _  ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ -  
NNE ...................... 
NE ........................ 
ENE ....................... 
E .......................... 
ESE ....................... 
SE.. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ -  _ - -  
SSE _ _ _ _  - - - - ~ - - ~ - - - - - - - - - - - - s ........................... ssw ....................... sw ........................ wsw ...................... w--- ....................... 
WNW ..................... 
NW _ _ _ _ _ _  ~ _ _ _ _ _  _ _ - _ - _  - - - - -  ~ 

NNW ...................... 
Calm..--. _ _  - - _ _  - - - -  _ _  - - - - - -  

R I  7 

6 
8 
4 :I 0 0  6 

SUMMER SUMMER 

4 
2 
2 
7 
6 
6 
3 
3 
3 
8 
11 
14 
12 
9 
5 
4 
1 

4 
5 
7 
7 
2 
2 
5 
0 
2 
2 
8 
8 
18 
11 
10 
8 
1 

10 5 

7 
13 
11 
13 
6 
4 

10 I 
AUTUMN AUTUMN 

7 
6 
6 
7 
8 
7 
6 
6 
5 
4 
5 
4 
6 
8 
9 
6 

10 

3 
3 
8 
6 
3 
6 
6 
6 
3 
4 
6 
5 
13 
16 
8 
6 
0 

7 
5 
5 
3 
3 
3 
3 
2 
2 
6 
4 
7 
17 
17 
11 
5 

1 0  - 

9 
3 
3 
4 
4 
1 
2 
2 
1 
4 
7 
10 
13 
16 
12 
9 
1 - 

6 1  7 6 1  4 6 
3 
4 
8 
7 
4 
7 
4 
6 
6 
9 
8 
10 
10 
6 
4 
0 

5 i i  4 i 2 
0 0  I 

WINTER WINTER - 
4 8 1  2 N. _ _ _ _ _ _ _ _  _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~ 

NNE ...................... 
NE ........................ 
ENE ....................... 
E .......................... 
E SE - - - - - - - - - - - - - - - - - - - - - - - 
SE _ _ _ _ _ _ _ _ _ _ _  ~ _ _ _ _ _ _ _ _ _ _ _ _ _  
SSE ........................ 
s-- _ _ _ _ _ _ _ _ _ _ _ _ _ - _ - _ - _ - _ _  _ - -  
ssw ....................... sw ........................ 
WSW ...................... w .......................... 
WNW ..................... 
NW ........................ 
NNW ...................... 
ca lm ....................... 

2 
2 
4 
9 
6 
11 
5 
8 
4 
8 
8 
6 
10 
7 
6 
0 

.~~ 
WNW ..................... 3 
NW ........................ 4 
NNW ...................... 7 

4L ANNUAL ANN 

6 
5 
5 
6 
8 
5 
4 
4 
8 
6 
6 
7 
8 
7 
7 
8 
1 

6 
4 
4 
6 
7 
5 
4 
5 
7 
7 
6 
7 
8 
9 
8 
7 
1 

5 
4 
4 
7 
12 
10 
9 
6 
6 
4 
6 
5 

' 6  
6 
6 
6 
0 

N - - - - - - - - - - - - - - - - - - - - - - - - - - 
NNE ....................... 
NE ........................ 
ENE ....................... 
E .......................... 
ESE _ _ _ _ _ _ _ _  ~ _ _ _ _ _ _ _ _ _ _ _  
SE ......................... 
SSE _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
8. - 8sw ....................... 
8W - - _-_- - -- --- - -- - -__  _-_-_ wsw ...................... w .......................... 
WNW ..................... 
NW ........................ 
NNW ...................... 
Calm _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~ _ _ _ _  

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

6 4 0 

* Less than 0.6 per cent. 1 Less than 0.5 per cent. 
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9 
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16 
7 
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4 
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TABLE 10.-Average percentage frequency of free-air winds fro m 
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GROUP 9 
SPRINQ 

0 

3 
2 
3 
2 
3 
4 

11 
18 
16 
8 
5 

5 
0 

' 0  

TABLE 10.-Average percentage frequency of free-air winds jrom 

GROUP 8 
different directions-Continued 

SPRINQ 

4 
4 2  

1 
1 
1 
2 
2 
3 
6 

11 
17 
14 
10 

4 9  
10 
7 
0 

Direction I E- 
N .......................... 
N N E  ...................... 
N E  ........................ 
E N E  ...................... 
E .......................... 
ESE---. ................... 
SE ......................... 
SSE ........................ s ........................... 
SSW ....................... sw ........................ 
WSW ...................... 
W .......................... 
WNW ..................... 
NW. ....................... 
NNW ...................... 
C:tlm ...................... 

Altitude, meters 

G 
G 
fi 
G 
6 
8 

10 
12 
11 
7 
4 
3 
2 
3 
3 
5 
2 

Altitude, meters 

4 
3 
4 

4 
3 

11 
13 
12 
10 

G 

4 9  
0 
ti 
G 

3 4  
3 
5 

7 4  
4 

' 0  
G 
5 

5 G  
5 8  

12 

N-.. _____._ ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
N N E  ...................... 
N E  ........................ 
E N E  ....................... 

G 
G 
4 
3 

4 
4 
5 
4 
5 
4 
4 

10 
18 
17 
12 

.5 

1 
2 
3 
0 

4 
4 
5 
3 
4 
3 
5 
8 

10 
18 
13 
7 

2 3  
2 
2 
3 
0 

3 
G 
7 
7 
7 
5 
7 
G 
5 
8 
fi 
8 
7 
0 
7 
5 

'0 

8 
0 
7 

11 
8 
9 
4 
0 
2 
4 
3 
G 

11 
2 
7 
U 
0 

E .......................... 
ESE ....................... 
,SE ......................... 
SSE ........................ 
.S ........................... 
SSW ....................... 

3 
4 
9 

10 
18 
12 

vv .......................... 
WNW.. ................... 
N W  ....... .1 ................ 
N N W  ...................... 
Qalm ....................... 

' 
1 
2 
4 
1 

5 
2 
5 
1 
1 
1 

10 
3 
3 
5 
8 

12 
17 
19 
12 
6 
0 

5 
G 
6 
4 
2 
0 
0 
3 
1 
2 
2 
7 

20 
23 
11 
7 
1 

7 
8 
0 

2 
2 
4 

12 
20 
15 
fi 

0 
7 
G 

2 3  
2 
1 
3 
7 

18 
18 
9 

6 
G 

1 
3 
2 
2 
2 

11 
20 
14 
9 
5 
2 
4 
fi 
0 

5 
4 

7 3  
2 
2 
2 
2 
3 
5 

11 . 13 
12 
9 
8 

10 
9 
0 

N .......................... 
N N E  ...................... 
N E  ........................ 
E N E  ....................... 
E .......................... 
ESE _ _ _ _ _ _ _ _  ~ _ _ _ _ _ _ _  ~ _ _ _ _ _ _  
:SE ......................... 
.SSE ....................... s ........................... ssw ....................... 
8 W  ........................ wsw ...................... w.... ...................... 
WNW ..................... 
N W  ........................ 
NNW ...................... 
Calm ...................... 

9 
8 
5 
3 
1 
3 
8 

15 
10 
10 
4 
2 
2 
3 
4 
0 
1 

0 

4 
4 
4 

6 
8 
8 
7 

4 
6 
7 
9 
2 

9 
7 7  

4 
3 
4 

5 4  
5 5  

8 
12 
10 
fi 

5 4  
4 
5 
7 
8 

1 0  

8 7 
4 
4 
3 
3 
4 
7 

12 
12 
7 

4 
5 
7 
8 

' 0  

10 5 
3 
2 
1 
1 
3 
4 
8 

13 
11 

5 0  
G 
8 

10 
9 
0 

11 
7 
3 
3 
1 
1 
2 
4 

I O  
17 
11 

5 
4 

8 
' 0  

9 
7 
4 
3 
1 
1 
2 
4 
0 

18 
13 

5 0  
5 
5 

8 8  
8 
'0 

4 
4 

8 
9 
8 
9 
7 

1 0  

-- 
5 4  

4 
5 

3 4  
3 3  
3 2  
5 3  
f i 3  
8 2  
9 5  
9 7  

11 
18 
14 
10 
5 

' 0  

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

G 
G 
8 
5 

4 
3 

2 

2 
4 

10 
14 
13 
U 
9 

10 
8 

' 0  

5 
3 

2 3  
2 

2 2  
2 2  

2 
2 

0 3  
5 
7 

11 
15 
16 
13 
9 
0 

3 

14 
18 
11 

4 

G 4  
5 4  

2 
2 3  
2 2  
4 3  
0 4  

10 
16 
18 

0 9  
6 
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ESE ....................... 
SE ......................... 
SSE ....................... 
6.. ......................... 
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- 
1,000 250 I 500 

-__ 
1,000 1 2,000 
-- 
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__ 
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2 
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1 
3 
4 
7 

12 
18 
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17 
5 
0 

_. 

7 
G 
4 
3 
3 
4 
7 

14 
16 
10 
5 
3 
2 
3 
4 
8 
3 

3 
1 
2 
1 
1 

10 
2 
1 
4 
6 
7 

13 
19 
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15 
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0 

7 
5 
4 
4 
6 
0 

12 
15 
15 
8 
3 
3 
3 
1 
3 
5 

10 - 

0 
4 
4 
4 
4 
4 

11 
15 
17 
9 
4 
a 
3 
2 
3 
G 

10 

5 
4 
4 
3 
3 
4 
9 

11 
10 
10 

G 
4 
5 
4 
5 
7 

10 

0 
2 
2 
2 
2 
3 
3 
5 
9 
8 

10 
9 

12 
9 

12 
G 

10 -_ 

5 
2 
2 

'0 
2 
10 

2 
2 
3 
3 
G 

12 
24 
19 
14 
4 

' 0  

4 
1 
3 
0 
2 
0 
0 
1 
2 
1 
5 
ti 

30 
22 
17 
6 
0 - 

.N _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - -  
N N E  ...................... 
NE--_.---.-.---.-.-------- 
.ENE.. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~ __-_ 
E .......................... 
ESE ....................... 
.SE ......................... 
.SSE ........................ .s ........................... ,ssw ....................... .sw... ..................... wsw ...................... w- 
WNW ..................... 
N W  ........................ 
N N W  ...................... 
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"E-. .................... 
NE.. ...................... 
ENE.-. ................... 
E... ....................... 
ES1 ........................ 
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SSE ........................ s ........................... 
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11 
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I 1  3 
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2 
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2 
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13 
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4 

1 0  
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8 
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5 
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9 

14 
14 
9 
4 
1 
2 
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4 
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7 
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4 
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4 

12 
14 
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4 
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2 
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0 
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1 
2 
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8 
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14 
10 
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0 
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ESE ....................... 9 
SE ......................... 10 
SSE ........................ 9 
s...-. ...................... 8 
SSW ....................... G sw ........................ 4 
n.SW ...................... 2 
W .......................... 2 
WNW ..................... 3 
N W  ........................ 3 
N N  W ...................... 5 
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NNW ...................... 
Calm ...................... - 

NE ........................ 
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SE ......................... 
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WNW ..................... 
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NNW ...................... 
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7 
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3 
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4 
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5 
5 
4 
4 
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9 

12 
15 
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0 
4 
3 
3 
3 
6 

10 
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5 
7 
5 
2 
2 
1 
2 
I 
3 
0 
7 

23 
12 
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7 
0 

-___ 

8 
5 
4 
3 
3 
4 
0 

10 
14 
12 
8 
5 
4 
4 
0 
0 

' 0  

N.... ...................... 
N N E  ....................... 
N E  ........................ 
E N E  ...................... 
E .......................... 
ESE ....................... 
SE _ _ _ _  - _ _  - _ _ _  - - - - - ~ ~ _ _  _ _ _  - 
SSE ........................ 
9.. ......................... ssw ....................... sw ........................ wsw ...................... w...... ................... 
WNW ..................... 
N W  ........................ 
N N W  ...................... 
Calm ...................... 

w ......................... 9 
WNW ..................... 3 
N W  ....................... 4 
NNW ..................... 5 

4 

'0 i/ '0 i 
1 Less than 0.5 per cont. 1 Less then 0.6 per cent. 



Sur- 
face 

Spring ___._________ 50 
Summer _ _ _ _ _ _ _ _ _ _ _  41 
Autumn _____.___._ 48 
Winter _ _ _ _ _ _ _ _ _ _ _ _  56 

Annual _ _ _ _ _ _ _ _ _ _ _ _  49 

Altitude, meters 

500 1,000 1 2,000 4,000 6,000 8,000 10,000 
----__--__ 

55 47 54 67 66 55 

50 53 57 62 76 75 71 
64 70 73 74 73 82 75 

' 2  44 58 77 70 75 83 

51 53 GO 70 71 70 71 

50 
46 
61 
70 

56 

56 65 78 80 86 80 1 0  
56 68 84 82 90 79 83 
70 78 90 95 89 83 71 
78 85 04 94 85 100 75 

64. 73 86 90 88 83 85 

Spring _ _ _ _ _ _ _ _ _ _ _ _ _  
Summer ______.____ 
Autumn-. __.._____ 
Winter ___.____.._. 

Annual _ _ _ _ _ _ _ _ _ _ _ _  

58 70 74 78 79 
GO 69 72 75 82 ii !: 1 
65 78 85 00 90 90 
61 75 80 89 93 94 

61 73 79 82 85 84 
~ ~ ~ _ _ _ _  

Spring .____________ M 67 70 X(J 
Summer _______.__. 53 (X 66 73 
Autumn ______..... 50 69 77 85 
Winter _____.______ 00 72 78 80 

Annua l____________  55 G8 73 81 
_ _ _ ~ _ _  

85 81 01 
83 77 71 
89 92 81, 
91 89 88 

87 84 82 

Spring _.__--_.---__ 
Summer ._--------- 
Autumn 
Winter __--.------- 

Annual _.._--.----- 

36 35 33 40 57 63 58 86 
28 26 25 36 62 67 78 78 
39 37 37 47 GO 71 73 79 
45 47 48 53 64 74 78 67 

37 37 36 44 61 69 73 78 

Spring-..--. _ _ _ _ _ _  ~ 41 59 
Summer _ _ _ _ _ _ _ _ _ _ _  40 58 
Autumn _ _ _ _ _ _ _ _ _ _ _  35 59 
Winter--. _____.___ BO 71 

i \nnual---_____.___ 46 62 

70 83 I 87 88 87 81 
63 fi5 59 68 67 66 
08 76 83 75 03 68 
80 01 94 89 75 73 

71 80 81 79 71 71 

SUPPLEMENT NO. 26 

TABLE 11.-Average percentage .frequency of a west component at 
various levels 

GROUP 1 

TABLE 12.-Average percentage frequency of a north component at 
various levels 

GROUP 1 

Altitude, meters 
Sur- 

Spring _ _ _ _ _ _ _ _ _ _ _ _ _  
Summer _ _ _ _ _  _ _  - - - - 
Autumn _ _ _ _ _ _ _  _. _ _  
Winter _ _ _ _ _ _ _ _ _ _ _ _  

I .4nnual_______ ~ _ _ _ _  
I I I I I I 

GROUP 2 

75 
64 
85 

100 

74 Annual _ _ _ _ _ _ _ _ _ _  _ _  1 4 5 1  491 5 1 1  581 671 6 7 1  701 68 

GROUP 3 
- 

70 
64 
xo 
67 

72 
__ 

:I) 79 2 DO 

50 83 

Annual ____.___.___ I 86 1 73 1 70 1 84 I 84 I 81 1 77 1 80 

GROUP 5 GROUP 5 
~~ 

Spring _ _ _ _ _ _ _ _ _ _ _ _ _  47 48. 
Summer _____._____ 34 45 
Autumn _ - _ _ _  ~ _ _ _ - _  59 63 
Winter _ _ _ _ _ _ _ _ _ _ _ _  52 57 

Annual _ _ _ _ _ _ _ _ _ _ _ _  .49 53 

47 11 75 100 ;: Spring _____.___ _ _ _ _  80 

Autumn _ _ _ _ _ _ _ _ _ _ _  80 
67 

50 55 
49 61 
61 64 
63 62 

54 GO 65 I 63 66 I 54 

GROUP 6 
___- 

Spring _ _ _ _  ~ ....- __. 53 48 50 55 66 09 
62 Slimmer _._._._._._ titi 45 43 40 

Autumn _ _ _ _ _ _ _ _ _ _  1 64 1 68 I ;5 1 66 1 ii 1 61 
62 65 61 Winter _ _ _ _ _ _ _ _ _ _ _ _  53 52 

I 

$4 

50 57 

Annual ______._-_- _I 46 1 42 I 45 1 49 I 48 1 63 1 55 I 67 



AM AEROLOGICAL SURVEY OP THE UNITED STATES 39 
5. Frequency of free-air winds of diferent velocities.- 

In  Table 13 are given the seasonal and annual frequencies 
of different velocities without regard to direction. The 
velocity ranges are 0-9, 10-19, 20-29, 30-39, and 404- 
m. p. s., and the altitudes included are surface, 250, 500, 
1,000, 2,000, 4,000, and 6,000 meters. At the surface 
the frequency of winds of 10 m. p. s. or more is very 
small, averaging from 5 to 10 per cent, with a maximum 
as a rule in spring and winter. There is no very marked 
variation in different parts of the country. 

A decided increase occurs immediately above the 
surface, as shown by the figures in the column for 250 
meters. At “ordinary flying levels,” i. e., 500 to 1,000 
meters, winds of 10 m. p. s. or more occur from 20 to 25 
per cent of the time in the Southern States and 40 to 45 
in the Northern, with a mean of 30 to 35 for the country 
as a whole. There is a fairly large seasonal range, from 
about 20 in summer to 45 in winter, the seasonal values 
as well as the annual being highest in the Northern States. 
Velocities of 20 m. p. s. or more occur in general at  these 
levels less than 5 per cent of the time. 

At greater heights the seasonal and latitudinal varia- 
tions increase very decidedly, as well as the frequency of 
the higher velocities themselves. For example, at  4 and 
6 kilometers, winds of 10 m. p. s. and more occur in the 
Northern States (Groups 1 to 4) 45 per cent of the time 
in summer, 85 in winter, and 65 for the year; in the South- 
ern States except Florida (Groups 5,  6 ,  8, and 9) the 
values are 30, 75, and 50, respectively. Winds of 20 
m. p. s. or more are observed in the Northern States 5 
per cent of the time in summer, 35 to 40 in winter, and 
20 for the year; in the Southern States, again excluding 
Florida, 0, 30, and 15, respectively. In  the Florida 
Peninsula high winds occur so rarely, even a t  great 
heights, that they can be ignored so far as their effect 
on flight is concerned. 

The frequencies of different velocities, for the year as 
a whole. are shown in detail in the frequency curves of 
Figure 8. The curves for the surface are exceedingly 
unsymmetrical ; at higher levels, where the mean velocity 
is greater, the skewness becomes noticeably less, but even 
here there is no very close approach to normal frequency 
curves. 

In  general there is close similarity in corresponding 
curves of the nine groups. Thus, with one exception, 
the surface curves show the maximum frequency, i. e., 
the “mode,” a t  4 in. p. s. This one exception is Group 6, 
the central Gulf States, where calms and very light winds 
are frequent. Wlth two exceptions, via, Groups 7 and 
9, the mode i p  successively displaced to the right with 
increase in height. This displacement is greater in. the 
Northern than in the Southern States. 

The data presented in Table 13 have been classified 
according to wind direction for certain levels and the 
results are given in Tables 14 and 15. Table 14 contains 
annual values for the 500, 1,000, 2,000, and 4,000 meter 
levels. The velocity ranges are 14,  5-9, 10-14, 15-19, 
20-29, and 30f rn. P. 8. The table thus brings out 
some of the features shown in Table 13, but in greater 
detail. In addition, we find that the lowest velocities, 
1 to 4 m. p. s., are quite equally distributed as to wind 
direction. The higher velocltles.are, however, in general 
most frequent with westerly dlrections, except in the 
Florida Peninsula, Group 7, where the high velocities 
are more frequent with easterly than with westerly 
directions, although even here a reversal is noted a t  the 
4-kilometer level. In Groups 8 and.9, southern Plains 
States, there is a large concentration of t.he higher 

velocities around south component winds, particularly 
S. to SW., at heights up to 2 kilometers, and a swing to 
northwesterly at  greater heights. 

The frequency of the higher wind velocities is an 
important factor in the determination of flight schedules. 
It is true that winds sufficiently strong to prevent flight 
altogether seldom occur, owing to the high cruising speed 
of most aircraft, but i t  is also true that they materially 
reduce the ground speed. It is necessary therefore, to 
make allowance for such winds in adopting a working 
schedule which can be guaranteed any desired percentage 
of the time. The values in Table 14 provide the data 
necessary for this purpose. Their application depends 
of course upon the orientation of an airway, north- 
south, east-west or any other direction. Most regular 
flying is being carried on at  about 500 to 1,000 meters 
above the surface, and the wind velocities for which it is 
necessary to make allowance in determining workable 
schedules are those of 10 m. p. s. or more. In order to 
show the frequencies of these hi her velocities more 

have been prepared, the data being based upon those 
given in Table 14. An examination of these figures brings 
out some interesting features, among them the following. 

(1) There is a striking similarity in the correspondin 
curves of the two figures, although in general the actua 
frequencies are somewhat greater at 1,000 meters than 
at  500. 

(2) In  the region between the Rocky Mountains and 
the Mississippi River, Groups 1, 8 and 9 (see fig. 1 for 
identification of groups) high velocities are associated 
with south component winds, particularly in the central 
section, Group 8, as has been shown by Riley (9). In  
Group 1 they form a secondary maximum, the primary 
occurring with northwesterly winds. 

(3) East of the Mississippi River, with the exception 
of the Florida Peninsula, SW. to NW. winds are those 
most frequently accompanied by high velocities, west 
showing the maximum in Grou s 2 , 3  and 5, and WNW. 

high velocities are most frequent with easterly winds. 
I n  

Groups 6 and 7, for example, high winds are relatively 
infrequent with any direction and do not therefore 
constitute a serious factor in plannin schedules. 

service if it is to be a real factor in transportation, yet 
there will probably be need for some special seasonal 
services. Again, it  may be advisable, even in year-round 
service, to arrange different schedules for summer and 
winter. Accordingly, Table 15 has been re ared. It 
contains data similar to those given in $7) ab e 14, but 
only for the two levels, 500 and 1,000 meters above the 
surface. Higher levels are not included, partly because 
the data are hardly sufFicient for this refinement of 
classification, but mostly for the reason that ,little 
regular flying is carried on at  those heights. From 
Table 15 curves can readily be made similar to those in 
Figures 9 and 10. 

A study of the values given in Table 15 brings out the 
same general features as were found in Table 14 fl~ld 1D. 
Figures 9 and 10, and in addition the seasonal vanatlon. 
This, as we should expect, is more pronounced at  the 
1,000 than a t  the 500-meter level. Moreover, .at the 
former the maximum frequency of high winds 1s very 
definitely found in winter, whereas at  500 meters there is 
little difference between winter and spring. (At the 
surface the maximum occurs in spring; see discussion 

clearly than can be done in a tab ff e, Figures 9 and 10 

!i 

to NW. in Groups 4 and 6. f n the Florida Peninsula 

Although aviation must in genera T furnish year-round 

(4) A decided variation with latitude is evident. 
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0 4. 8 12 16 2 0 2 4 2 8  3 2 3 6 4 0  
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0 

WIND VELOCITY ( M. P. S. ) 
0 4 8 12 1 6 2 0 2 4 2 8  3 2 3 6 4 0  

FIO. 8.-Annual frequency distribution of diflerent velocities at selected altitudes in eastern and central United States 
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FIG. %-Average annual percentage frequency of winds of 10 m 
- 10 + m. p. 8. 

surface in eastern and central United States 

---- 15 + m. p. s. 
. p. s. and over (solid lines) and 16 m. p. s. and over (broken lines) classifled by direction, a t  600 meters above the 

-lo+ m.e.8. ---- 15+ m.p.8. 
no. lO.-Average mud percentage frequency of winds o! 10 m. p. s. and over (solid lines) and 16 m. p. 6. and over (broken lines) classifled by direction, a t  1,ooCl meter8 above the 

surface In eastern and central United States 
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of fig. 2 in section 1.) Summer shows a marked mini- 
mum frequency a t  both levels and in all parts of the 

line representing any direction gives the percentage fre- 
auencv of that direction, measured bv the scale in the - 

country. 
The frequencies of different wind directions at  various 

levels, as given in Table 10, have already been discussed 

lbwer$art of the figure, and the numbYer a t  the end of a 
line gives the average velocity of that direction. In 
general, these figures bring out graphically many of the 

S C A L E  OF WIND PERCENTAGES 

0 S 10 20 30 40 50  60 70 80 90 100 

1 1 1 1 1 1 1 1 l 1 ~ ~  I I I I  1 1 1  

AQ. ll.-Pereentagc frequency and avera e velocity of different wind directions at 500 meters above the surface in eastern and central United States. The flgure in the center of 
each circle gives the percentage of c&s; an asterisk (9 denotes less than 0.6 of 1 per cent. The length of  the lines, measured by the scale in the lower part of the fiRure9 
represents the freauency of any given direction on the basis of 100. Figures at owear the ends of the lines give the average velocity of those directions. The line north of the 
eifele represents anorth wind,-and so on 

in section 4, age 31. From the data used in the prepara- 

velocities for those directions. This has been done, and 
the results are shown in Figures 11 and 12 for the 500 
and 1,000 meter levels respectively. The length of the 

points already discussed in sections 4 and 5 .  Attention 
is again called to the striking similarit in the conditions 
a t  the 500 and 1,000 meter levels. $his section of the 
free air might appro riately be termed a “zone of con- 
stancy” so far as flig I: t is concerned. 

tion of Tab P e 15 i t  is possible to compute the average 
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press, based upon one or two experiences in airplane 
flights, have given to the public the impression that 
winds of nearly constant westerly direction and of high 
velocity, “200 or 300 miles per hour,” are the rule m 

Table 16 gives the maximum velocities observed a t  
levels up to 6 kilometers during the period underfcon- 
sideration. It is noticeable that nearly all of these 
occurred with west component winds. 

SCALE OF WIND PERCENTAGES 
0 1 0  2 0  30 4 0  SO 60 7 0  80 90 (00 

lULIa*-l ” ’ I I 1 1  1 I I ’ 1 1 I ‘ 1  1 1  

FIG. 12.-Percentage frequency and average Velocity of different wind directions at 1,000 meters above the surface in eastern and central UnitedlStstas. (For explanation, seelegend 
under flg. 11) 

The highest velocity ever observed a t  any height is 
83 m. p. s. (186 m. p. h.) a t  7,200 meters above Lansing, 
Mich. 
this occur at  times, but they are certainly very infre- 
quent, and, when they do occur, they are probably 
extremely short-lived. Unfortunately, reports in the 

the upper flying levels, 5 to 10 kilometers. Actual 
observations extending over a eriod of 8 years, some 

velocities very rarely, if ever, occur. As for the direction, 
although in general I t  has a west component, yet it varies 
widely from day to day, usually between NNW. and 

It is probable that even hlgher velocities than 140,000 in all, show concluslvey P that winds of these 

4 303-2 6 t-4 
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59 
38 
3 
0 

SSW., but occasionally coming from an easterly oint, 

mate stretch of the imagination can the wind at any 
height over the United States be described as "a trade 
wind of 200 to 300 miles per hour from the west." 

as shown in previous tables and figures. By no Y egiti- 

56 54 37 
40 40 47 
4 6 15 

10 10 1 
0 0  0 0 

TABLE 13.-Average percentage fre uency o j  free-air winds of different 
velocities-fiontinued 

0-9 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
10-19. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _  
20-29 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
30-39 . . . . . . . . . . . . . . . . . . . . . . .  
40f. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

GROUP 2-Continued 

89 72 65 66 67 51 42 
11 28 33 31 29 43 47 1i C-9 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  93 72 63 80 62 43 37 

10-19 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  7 27 35 30 41 44 44 
0 10 2 3 4 6 
0 0 0 0 0  0 

. 0 0 0 0 0 0 0 2 0 - 2 9  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - -  0 1 2  4 7 12 16 

WINTER 

30-39 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
40+ . . . . . . . . . . . . . . . . . . . . . . . .  0 0 0 10 10 1 3 

0 0 0 0 0 0 0 

Altitude, meters 
Wind velocity, m. p. s. 7:; TABLE 13.-Average percentage frequency of free-air 

velocities 
winds of different 

GROUP 1 
SPRING 

- ~ _ _  
Altitude, meters 

Windvelocity, m. p.s .  I 7s 1 
250 I 500 I 1,000 I 2,Ooo I 4,000 1 6,Ooo. 

29 
63 
13 
6 
0 

GROUP 3 SUMMER 

I I I . I  I I I SPRING 

AUTUMN 

SUMMER 

WINTER I 1 I I I I I 

AUTUMN 

I I I 

ANNUAL 
I I I I WINTER - , I I 

I I ' _  I I I 

ANNUAL GROUP 2 
SPRING 

, I I I 

I I I I I I I 

SUMMER 

GROUP 4 
SPRING 

I 

SUMMER 
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Altitude, meters 

45 

_- 

Wind velocity, m. p. s. 

TABLE 13.-Average percentage frequency of free-air winds of different 
velocities-Continued 

GROUP 4-Continued 

AUTUMN 

Altitude, metees 

Fzi 
250 1 500 1 1,ooO 1 2,OOO 1 4 , W  1 6,000 

-_____---- 
0-9 _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - -  ~ - - - -  _ -  
10-19 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
20-28 _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - _ - -  - - ~  
30-39 _ _ _ _ _ _ _ _ _ _ - - - -  - - - - - - - - -  
40+ . . . . . . . . . . . . . . . . . . . . . . . .  

95 82 68 65 48 35 35 
5 18 31 33 48 48 50 

10 10 1 2 4 16 11 
0 0 0 1 0  0 1 4 
0 0 0 0 0 0  0 

I I I I I 

WINTER 

I I I , I 

0-9 _._______________________ 98 92 85 81 77 
10-19-. _ _ _ _ _ _ _ _ _ _ _  ~ _ _ _ _ _ _ _ _  ~ 2 8 15 18 20 
20-28 -.__________-_______--- 0 0 0 1 3 
30-39 . . . . . . . . . . . . . . . . . . . . . . .  0 0 0 0 0 
40+ __._____________________ 0 0 0 0 

ANNUAL 

65 56 
29 35 
6 8 
0 1 

0 0  0 

0-9 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
10-19 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
20-28 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ -  _---  
30-39 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
40+ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

AUTUMN 

I I I I I I I 

98 91 81 75 65 57 51 
2 9 19 24 31 32 35 
0 1 0  0 1 4 10 11 
0 0 0 10 1 0  1 2 
0 0 0 0 0 10 1 

0-9 _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _  _ _ _ _ _ _ _ _  88 '77 64 
10-19 . . . . . . . . . . . . . . . . . . . .  --- 12 23 34 
20-29 .................... --- l o  10 2 
30-39 ______________- -_ - - -  --- 0 0 1 0  
40+ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  0 0 0 

~ 

WINTER 

I I I I I I I 

- 
64 51 46 47 
33 44 38 46 
3 - 5  13 7 

10 10 3 0 
10 0 10 0 

- 

I I I I I I I 

ANNUAL 

0-9 _ _ _ _ _ _ _ _ _ - - - - -  ----------- 
10-19 _ _ _ _ _ _ _ _ - - - _ - -  - ----- --- 
20-28 ....................... 
30-39 _ _ _ _ _ _ _ _ _ -  ------------- 
404- ..................... --- 

I , I I I 

GROUP 6 
SPRINQ 

94 80 69 73 61 55 54 
6 20 30 25 37 34 36 
0 0 1 2 2 10 11 
0 0 0 0 10 10 0 
0 0 0 0 0 1 0 

TABLE 13-Average percentage frequency of free-air winds of different 
velocities-Continued 

0-9 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  96 88 74 87 90 
10-19 ____________.__________ 4 14 25 13 10 
20-28 -_____--.---___-------- 0 0 0 0 0 
30-39 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  0 0 0 0 0 
40+ __._____________________ 0 0 0 0 0 

GROUP 6-Continued 

87 71 
13 29 
0 0 
0 0 
0 0 

SUMMER 

AUTUMN 

WINTER 

GROUP 7 
SPRINQ 

I I I I 

I I 

BUMMER 

AUTUMN 

1 I I I 1 

WINTER 

ANNUAL 

I I I I I I I 
1 Laos than 0.6 per cent. 



Wind veloclty, in. p. 8. 

Altitude, meters 

:s 
250 M)o 1,000 2,000 
------ 

61 51 55 52 
38 43 40 45 
1 6 5 3 1 2  
0 10 1 0  0 
0 0 0 

4,000 6,000 

37 35 
50 40 

17 
1 7 

0 1 0  1 

0-9 - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
10-19 .______________________ 
20-29 - _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _  
30-39 - _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _  
40f _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

90 77 71 72 65 45 41 
10 23 27 27 32 44 42 

15 

0 0 
l1 2 

0 10 2 1 
0 0 0 1 0  10 ' 0  
0 0 0 0 0  

64 56 
30 39 
' 0  5 

0 

56 62 59 52 
42 34 33 30 
2 4 8  11 

0 0  0 0 1 
0 0 0 0 0  0 

0-8 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  97 
10-19 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  3 
20-29 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  0 
30-39 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  0 
40f _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  0 

81 74 74 72 GO 45 
19 25 25 25 33 42 
10 1 1 3 0 12 

1 1 0 0  0 0 
0 0 0 0 0 0 

~~ 

0-9. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  94 79 
10-19 . . . . . . . . . . . . . . . . . . . . . . .  0 21 
!&m _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ' 0  1 0 '  
30-39 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  0 0 
404- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  0 0 

~ 

70 62 52 34 27 
28 30 43 48 60 
1 2 5 17 19 
0 0 ' 0  1 3 
0 0 0 0 1 

6-9 

2.1 
1.3 
1.2 
0.8 
1.0 
1.2 
1.7 
1.0 
3.0 
3.1 
3.0 
2. 6 
3. 1 
4.2 
4.3 
3.0 

10-14 16-19 20-28 

1.0 0.8 0.2 
0.5 0.2 10 
0.8 0.1 10 
0.2 10 0 
0.2 0.1 10 
0.0 0.2 0 
0. 7 0.1 0 
1.1 0.1 ' 0  
2.6 1.0 0.3 
3.0 1.9 0. 0 
2.2 0.9 0.8 
2.0 0.6 0.3 
2.3 0.9 0. 1 
3.9 1.5 0.3 
5.0 2.4 1.4 
2.8 1.8 0.8 

---- 
!0-B 

0.2 
10 
10 

10 
' 0  

0.5 
0.6 
0.7 
0.2 
' 0  

0.2 
0.8 
0.0 

3 0 f  

10 
0 
0 

0 0  
0 
0 

0 0  
0 0  

0 
10 
0 
0 

10 
0 
0 
0 

-- 
14 

1.0 
1.0 
0. 6 
0. 0 
0.8 
0.5 
0.8 
0.7 
0.4 
1.0 
1.3 
1.6 
1.1 
1.1 
1.5 
1.2 

5-9 
___ 

1.1 
0. 6 
0. 6 
0.8 
0.6 
0.6 
0. 0 
1.1 
1.4 
2.3 
3.5 
3.2 
4.0 
6.3 
3.5 
2.4 

14 

0.6 
0. 3 
0.4 
0.3 

0.3 0.3 

0 
0.3 
1.2 
0. 7 
0.6 
0.8 
0.4 
1.0 

0. 0.5 1 

5-9 
__- 

I. 2 
1. 2 
0.8 
0.6 

0. 0 6 

0.7 
0.6 
1.9 
2.1 
3. 0 
2.8 
3.9 
2.0 

0.3 0.1 

2.4 
1.7 
1.7 
0.9 
1.3 
1.0 
2.0 
2.9 
3.9 
3.3 
2.8 
1.8 
2.3 
2.6 
3.5 
4.4 

2. 1 0.7 
1.2 0.2 
0. 7 0.2 
0.3 ' 0  
0.6 0.1 
0.6 0.2 
0.9 0.3 
1.7 0.6 
2.0 1.4 
3.0 1.8 
2.2 1.0 
1.6 0.0 
1.5 0. 7 
1.7 0.8 
3.6 1.6 
3.6 1.5 

1.4 
0.2 
0.2 
0. 1 
0.1 
0.1 
0. 2 
0.2 
0.8 
1.8 
2.7 
3.2 
4.4 
6.2 
6. 1 
2.9 

10 0.3 
0.1 10 

0 0 
0. 1 0 

0 10 
0 0 

0. 2 0 
0.2 10 
0.3 0 
1.2 0.3 
0. 7 0. 5 
0.9 0.3 
2.0 0.5 
4.4 1. 8 
4.3 2.0 
.l. 1 0.9 

0.0 
0.2 
0.2 
0.2 
0.3 

0.3 
0. 5 
2.1 
3.1 
7.0 
7.2 
7.8 
2.7 

0.7 0.7 
0.3 0 

0 0 
0 0 
0 0 

0 0 0  
0 0 0  
0 0 0  

0.3 0 
0.4 0.2 
0.6 0.7 
0.8 1. 7 
4.2 2.3 
6.7 , 4.7 
3.8 3. 6 
1.6 1.7 
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TABLE 13.-Average percentage fre uency of free-air winds of different 
velocities-8ontinued 

GROUP 9 

SPRINQ 

TABLE 13.-Average percentage fre uency of free-air winds of different 
velocities-&ontinueci 

GROUP 8 
SPRINQ 

I I I I I I 

SUMMER 

AUTUMN AUTUMN 

WINTER 

69 57 44 35 24 34 
30 37 M)  M 47 32 
1 0 0 11 25 22 
0 0 0 1 0  4 11 
0 0 0  0 10 1 

I I I I I I I I I I 

ANNUAL 

~ 

ANNUAL 

I I I I I I 

I I I I I 1 -  

1 Less than 0.6 per cent. 1 Less than 0.6 per cent. 

TABLE 14.-Average annual percentage frequency of free-air winds of digevent velocities at 600, 1,000, 8,000, and 4,000 meters, classified 
according to wind direction 

GROUP 1 

Velocity, m. p. s., 1,OOO m. I Velocity, m. p. s., 500 m. Velocity, m. p. s., 2,oOO m. Velocity, m. p. s., 4,000 m. 1, Wind direction - 
3 O f  

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

' 0  
10 
0 
0 
0 

0. 1 

- 

- 

- 
3 0 f  

0 
0 
0 
0 
0 
0 
0 
0 
0 

10 
0 
0 
0 

0. 1 
0.2 
0.2 

- 

- 

- 
14 

0 9  
1. 1 
0.7 
0.0 
0.7 
0.9 
0.8 
1. 1 
0. 8 
1.0 
0.8 
1.0 
1. 1 
1.0 
1.5 
1.4 

- 

- 

5-9 110-14 115-11 0-14 I 15-19 I 20-28 30-k - 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0.5 
1.0 
1.2 
0.4 

/ 

-1-1- -- I I- 
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20-20 

0.4 

0.3 

0.1 

1.5 
4.4 
5.2 

3.3 1.2 

0. 0.4 1 

TABLE 14.-Average annual percentage frequency of free-air winds of different velocities at 600, 1,000, 2,000, and 4,000 meters, classi$ed 
according to wind direction-Continued 

30f 

' 0 

0 0  
0 0  
0 0  
0 0  

~- 

0 0  0 

0 0  0 
0.1 0 

0.2 
0.9 
0.6 

0.2 0.8 

GROUP 2 

Velocity, m. p. s., 1,000 m. I Velocity, m. p. E., 2,OOo m. 

I 

Velocity, m. p. s., 4,000 m. 

1.1 
0.6 
0.2 
0.3 
0.3 
0.2 
0.1 
0. 5 
1.3 
2.2 
3.1 
4.1 
4.0 
4.0 
3.1 
1.7 

I Velocity, m. p. s., 500 m. 

0.1 
0.1 
10 
1 0  
0. 1 
' 0  
' 0  
0. 1 
0. 5 
1. 1 
1.4 
1.4 
2.1 
1.5 
1.4 
0.5 

- 
30+ 

' 0  
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0.2 
0.1 
0. 1 
0.3 
0.2 

- 

' 0  

0.2 
0.3 
0. 5 
0.4 
0.4 
0. 2 
0. 1 

0 0  
0 

0 0  
0 0  
0 0  
0 0  

' 0  
0 
0 
0 

10 
0 
0 

0 0  
0 0  

0.2 
0.1 
0.1 
' 0  
0.1 
0.1 
1 0  
10 
0.1 
0.7 
1.6 
1.8 
2.2 
1.4 
0.6 
0.2 

0. 1 
0 
0 
0 

10 
10 
0 
0 

' 0  
0.5 
0.6 
0.7 
0.6 
0.3 
0.4 
0 

1.3 
0.8 
1.1 
0.4 
0.9 
0.0 
0.4 
1.3 
0.9 
0.9 
1.0 
1.1 
1.3 
1.4 
1.0 
1.1 

2.3 
1.0 
1.3 
0.5 
1.0 
0.5 
0.7 
1.0 
1.2 
2.1 
3.0 
4.0 
3.8 
6.0 
3.4 
3.4 

1.9 
1.8 
1.4 
1.0 
1.2 
1.4 
1.0 
1.0 
1.6 
1.8 
2.0 
1.7 
2.0 
2.0 
1. 0 
1.6 

2.2 
1.7 
1.9 
1.8 
1.5 
1.5 
1.0 
1.7 
2.7 
3.2 
3.9 
4.0 
5.3 
3.4 
3.2 
3.1 

0 '  

0.3 
1.0 

3.8 2.9 
2.8 
0.4 

0 
0 0  
0 0  

0 4  

0.2 1.1 
0.4 
0 

0 0  0 

0.1 
0. 1 

0. 1 

0.1 

0.4 
1.6 
4.7 
3.1 
3.3 
1.2 

0 
0 

0 0  
0 0  

0 
0 0  
0 0  
0 0  

0. 1 
0.6 
1.0 
1. 1 
0.0 
0.1 

0 0  0 

0 
0 
0 
0 
0 
0 
0 
0 

' 0  
0 
0 
0 
0 

' 0  
' 0  

0 

0.7 
0.8 
0.8 
0.7 
0. 0 
0.3 
0. 6 
0.3 
0.4 
0.4 
0.8 
0.9 
1.2 
1.0 
1.4 
0. 9 

1.9 
0. 7 

0.8 a 4  
0.2 
0.1 
'0 
0.1 
0.4 
0.9 
1.4 
4.2 
6. 6 e. 0 
4.5 
3.2 

0.5 
0. 1 
0.2 1 0  

1 0  
10  
0 
'0 

0. 1 
0.2 
0.8 
2.1 
3. 6 
4.2 
2.8 
1.2 

1.6 
1.3 
1.0 
0.8 
0. f l  
0. 2 

0.4 
0. e 
1.4 
2.4 
4.3 
3. 9 

2.8 2.0 

0.1 0.4 

2.2 
1.4 
0.8 
0.8 
0. 2 

0 

0.2 
0.3 
1.0 
3.2 
5.2 
6.0 

4.0 2.9 

ai 0 

3.0 
2. 5 
2.4 
1. 5 
1.0 
1.0 
0.9 
1.3 
2.2 
3.4 
3.7 
4. 1 
4.2 
4. 6 
5.3 
4.2 

1.1 
0.7 
0.8 
0.0 
0.3 
0.2 
10 
0.2 
0.8 
1.9 
2. 1 
2. 1 
2.2 
4.1 
4.4 
2.4 

1.0 
1.0 
0.7 
0.4 
0.1 
0.2 
'0 
0. 1 
0.4 
1.6 
2. 4 
2.9 
3.6 
4. 5 
4.2 
2. 4 

0.4 
0.1 
0. 1 
0. 2 
' 0  
0. 1 
0 
0 

0. 1 
0.4 
0. 8 
0.8 
1.5 
2.0 
2.2 
0.9 

0 
0 
0 
0 
0 
0 
0 
0 
0 

0. 1 
'0 
0. 1 

0 
0 
0 
0 

,1.2 
0.9 
1.3 
0.6 
0.7 
0.3 
0.7 
0.6 
0.7 
0.9 
0.7 
1.3 
2.0 
2.0 
0.9 
1.0 

3.3 1.6 
2.9 0.9 
2.2 1.0 
1.7 0.8 
1.2 0.3 
0.7 0.3 
0.9 0.1 
1.00.3 
1.4 0.6 
2. 7 1.4 
5.0 2.8 
6.2 2.7 
5.5 3.8 
4.4 2.4 
4.3 2.3 
3.3 1.9 

0.3 
0. 1 
0.3 
' 0  
10 
10  
'0 

0 
0.3 
0. 6 
0.8 
1.0 
1.5 
1.1 
0.0 
0.0 

1.0 
0.4 
0.4 
0.6 
0.3 

0.3 
0.3 
0.2 
10 

0 

0 
0.1 
0 
0 
0 
0 
0 
0 
0 

' 0  
' 0  

0 

0.2 0.1 
0.2 
10 

0. 7 
1.0 
0.6 
0.3 
0.5 
0.4 
0.4 

0.4 
1.2 
1.0 
1.1 

1.8 1.5 
1.8 
1.3 

. 0.2 

24 
1.4 
0. 5 
0.8 
0.8 
0.4 
0.4 
0.4 
0.6 
1. 1 
2.2 
2.8 
0.2 
5.7 
3.9 
2.2 

1.7 0.4 
0.5 0 
0.3 0.1 
0.4 0 
0. 1 0 
0.3 0 
0. 1 0 

0 0 
0 0 

0. 0 0.1 
0.8 0.4 
3.9 2.3 
4.6 4.8 
4.5 3.1 
3.6 1.8 
1.2 1.0 

3.8 
3. 5 

2.3 
1.7 
1.1 
1.4 
1.4 
2. 1 
3. 1 
4.2 
4.0 
3.6 
3.0 
2.8 
3.7 

3.4 

3.1 0.2 
1. 5 0.2 

1.1 0.1 
0. 0 0.1 
0.3 0 
0.2 1 0  
0.4 10 
0.9 0.3 
1.7 0.0 
2.3 0.9 
3.1 1.1 
2.7 1.2 
2. 1 0.5 
1.3 0.2 
1.5 0.0 
Calm 0.1 

1.7 ai 

0.4 
0.1 
0.2 

1.0 
2.0 
4.2 
5.7 
0.1 
3.0 
2.7 

a 3  

0 
' 0  
' 0  
1 0  
0.4 
0.0 
2.4 
.3. 1 
2.8 
1.8 
1.0 

1 0  
0. 1 
0.2 
0. 5 
0.3 
0.3 
10 
'0 
' 0  

0 
0 
0 
0 
0 

1 0  
0 

10 
0 

- 
10-14 
- 
1. 1 
0. 5 
0.4 
0.2 
0.2 
0. 2 
0.2 
0.2 
0. 5 
1.7 
2.9 
5.1 
0.1 
5.2 
4.2 
2.9 
Ca 

- 
1 4  

0.7 
0.5 
0.6 
0.9 
0.4 
0. .1 
0.4 
0.5 
0.5 
0.5 
0.9 
0.8 
0.9 
0.7 
1.4 
0. E 

- 

- 
5-9 
- 
1.5 
1.2 
1.1 
0.3 
0.3 
0.0 
0.4 
0.3 
1.0 
1.3 
1.9 
2.2 
2.9 
3.8 
4.5 
2.3 

- 
0-14 
- 
1.3 
0.7 
0.3 
0 
0 

0.2 
0.2 
0.2 
0.3 
0. 8 
2.4 
2.8 
4.4 
5.2 
5.3 
2.4 
C d  

- 
15-19 
- 
1.2 
0.2 
0.2 
0.1 
0 

0.1 
0.1 
0 

0.2 
0.4 
0.0 
1.4 
4.3 
4. 1 
2. 8 
1.8 

10.1 

Wind direction - 
15-1s 

' 0  
0.1 
' 0  
10 
' 0  
0. 1 
0. 1 
0. 2 
0.8 
1.0 
1. 1 
1.2 
1.0 
0.8 
0.0 
0.2 
0.2 

- 

__ 
1 4  

1.0 
1.0 
0.9 
0. 7 
0.4 
0.7 
0. 8 
0.6 
1.2 
1.3 
1.0 
1.4 
1. 5 
1.3 
1.3 
1.4 

- 

- 

- 
1.3 
1.3 
1.8 
1. e 
1.1 
1.3 
1. 1 
1. 5 
0.9 
1.5 
1.8 
1.0 
2.3 
1.5 
1.5 
1. 5 

- 
5-9 
- 
2.4 
1.5 
0.9 
1.0 
0.8 
0.7 
1.0 
1.3 
2.1 
2.7 
3.8 
4.5 
0.2 
5. 1 
5. 3 
3.1 

- 
20-28 
__ 

0 
0 
0 
0 
0 
0 
0 
'0 
0.1 
0.2 
0. 5 
0.7 
0.5 
0.2 
0.4 
0. 1 

10-14 15-19 
____ 

20-29 30+ TI, 15-19 20-28 

0.3 
0.2 
0 

0. 1 
0 
n 

0 
' 0  
0 
0 

0 1.1 
0 0.7 
0 0.9 
0 0.8 
0 0. 6 
0 0.0 
0 0.8 

10 0.0 
10 0.8 
' 0  0.5 
1 0  0.7 
10 1.3 
'0 1.1 
0 0.9 

0.1 1.0 
' 0  1.0 

1.8 
1.0 
0.8 
1.0 
0.8 
1. 1 
1. 2 
1. 1 
1.5 
1.3 
1. 7 
1. 5 
2.1 
1.0 
1.0 
1.8 

2.8 0.7 
1.9 0.5 
1.3 0.4 
0.8 0. 2 
0.9 0.4 
0.0 0.4 
1.0 0.3 
2.0 0.8 
3.4 2.5 
3.5 2.6 
3.2 2.4 
4.1 2.7 
5.2 2.7 
5.0 2.8 
5.2 2. 7 
3.8 1.0 

Gal 

0 
0 
0 
0 

0.1 
0. 1 
0.4 
0.8 
1.8 
2.3 
1.0 

' 0  
0 

0.2 
0. 5 
1.4 
2. 1 
4.0 
4.2 
2.4 
1.0 

10.1 
0.4 

__ 
0.7 
0.1 
0 
0 
0 
0 
0 
0 

0.3 
0 

1. 1 
2.0 
4.0 
4.5 
4.4 
1.2 
0.3 

GROUP 3 - 
1.3 
0.9 
0.7 
0.4 
0.0 
0.8 
0.1 
0.5 
1.5 
2.0 
3.4 
1.0 
3.8 
4.2 
5.2 
2. c 

- 
' 0  
' 0  
'0 
1 0  
0.2 
0. 1 
0. 1 
0.1 
0. 5 
0.8 
1.4 
1.7 
1.3 
0.4 
0.2 
0.2 
0.4 

- 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

' 0  
0 
0 
0 

- 
0 
0 
0 
0 
0 
0 
0 
0 
0 

' 0  
0 
0 

10 
0 
0 
0 

- 
1. 1 
0.3 
0.3 
0.1 
0.2 
1 0  
0.2 
0.4 
0.0 
1.8 
2.2 
4.8 
4.4 
4. e 
3.4 
1.5 
C d  

- 
0.5 
0.0 
0.3 
0.9 
0.4 
0.5 
0.7 
0.3 
1.0 
0.4 
0.5 
0.8 
1.2 
1.0 
1.8 
1.8 

- 
0.4 
1.2 
0.3 

0 
0 
0 
0 
0 

0.0 
0.9 
2.0 
1.8 
4.0 
0.0 
6.2 
2.3 
C d  

- 
0.9 
0.3 
0.4 
0.4 
0.0 
0.2 
0. 1 
0.0 
1.0 
2.4 
3. 2 
3.2 
3.9 
2.1 
1.3 
1.0 
Cal 

- 
2.2 
1.8 
2.3 
1.4 
1.4 
0.6 
1.0 
1.4 
2.3 
2.0 
3.7 
3.7 
4.6 
3.2 

2.9 
a. 9 

__ 
1.2 
0.6 
0.5 
0.2 
0.2 
0.4 
0.1 
0.4 
0.8 
1.4 
3.0 
3.0 
4.0 
3.8 
1.9 
1.3 
Cd 

1 I I 

0 
0 
0 
0 

1 0  
0 
0 
0 

0. 1 
0.4 
0.3 
0.4 
0. 1 
1 0  

0 
0 

0.5 
0.2 
0 

0.1 
0 
0 
0 

0.3 
0.1 
0. 0 
1.4 
2.3 
3.1 
3.8 
2.4 
1.0 
0. 1 

0 
0 
0 
0 
0 
0 
0 
0 
0 

0. 1 
0.0 
1.0 
1.4 
1.8 
0.9 
0.4 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0. 1 
0.2 
0. 1 

0 

0 

0 0  
O.!i 0 0  

0 1  0 

QROUP 4 
- 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

10 
10 
0.1 
0.2 

0 

- 
0 
0 
0 
0 
0 
0 
0 
0 
0 

1 0  
0 
0 

' 0  
' 0  

0 

- 

2.0 
1. 0 
1.7 
1.0 
0.8 
0. 2 
0.6 
0.3 
0.6 

1.9 
3.0 
6.2 
4. 6 
4.6 
3.2 

a9 

- 
0. 1 

0 
0 
0 

' 0  
0 
0 
0 

0.1 
0.4 
1.0 
1.3 
1.8 
1.5 
0.3 

ai 

_. 

1.0 
0.7 
0. 'I 
0.6 
0.2 
0.4 
0. 6 
0.4 

0.5 
1.2 
1.3 
0.9 
1.4 
0.0 
0. 8 

a 4  

- 
0.4 
0.6 
0.1 
0.2 

0 
0 
0 
0 
0 

0.1 
1. 1 
3.7 
3. 1 
3.0 
2. 5 
1.9 
0 

- 
0.2 
0. 1 
0.2 
'0 
1 0  
10 
' 0  
10 
0.1 
0.0 
0.6 
0.7 
0. 9 
1.2 
0.8 
0.3 
0.2 

- 

10 
0 
0 
0 
0 
0 
0 
0 

' 0  
' 0  
0.1 
0. 1 
0. 1 
0. 1 
0. 2 
10 

__ 
1.7 
1.1 
1.0 
0.8 
0.8 
0. 5 
0.7 
0.5 
0.8 
1.0 
1.3 
1.4 
1. 4 
1.8 
1.5 
1. 7 

- 

3.0 
2. 5 
1.4 
1.4 
0.7 
0.0 
0.7 
0.9 
1.0 
2. 1 
3. 5 
4.2 
6.5 
4. f l  
5.7 
4.4 

- 
0. 1 
0 
0 

' 0  
0 

1 0  
'0 
10 
0. 1 
0.1 
0. 2 
0. 2 
0.3 
0. 0 
0.5 
0.2 

1 I I I 
2.0 
1.3 
1.4 
1.3 
1.0 
1.4 
1.3 
1.0 
1.1 
1.7 
1.5 
1.0 
1. 9 
1. 5 
2.0 
2.1 

GROUP 5 - 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0.5 
1.0 
1.2 
0.5 
0.1 

- 

- 
0.2 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0.3 
1.2 
4.0 
5.3 
2.2 
0. 7 

- 

- 
1.4 
1.4 
1.2 
0.9 
0.0 
0. 7 
1.0 
0.8 
1.0 
1.2 
1.0 
1.8 
2.0 
1. 5 
1.9 
1.4 

-- 

I ,  I I .  I 

0 
0 
'0 

0 
0 
0 
n 

1.8 
1. 5 
1.0 
1.4 
1.2 
0.9 
1.0 
0.7 
1.4 
1.0 
1.7 
1. 6 
1.7 
1.4 
1.5 
1.7 

0 
10 
10 

0 
0 
0 
0 

0.1 
' 0  

0 
0 

1 Less than 0.05 per cent, 
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30f 
-_ 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

' 0  
0 

' 0  
0 

TABLE 14.-Average annual percentage frequency of free-air winds of different velocities at 500, 1,000, 2,000, and g,OOO meters, classi$ed 
according to wind direction-Continued 

GROUP 6 

1 Velocity, m. p. s., 500 m. 1 Velocity, m. p. s., 1,OOO m. 1 Velocity, m. p. s., 2,000 m. I Velocity, m. p. s., 4,000 m. 

14 
- 

1.4 
0.7 
0. 8 
1.2 
1.0 
0.8 
1.2 
0.8 
0.8 
1.3 
1.5 
1.5 
1.4 
2.2 
1.9 
1.8 

- 
3 0 f  

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

' 0  
0 
0 
0 

-I- 

1.2 
1.4 
1.4 
1.3 
1.5 
1. 1 
1.4 
0. 7 
1. 2 
1.6 
1.6 
2. 1 
2.1 
2.4 
2.2 
!.6 

Wind direction - I l4 

1.2 
0.7 
0.4 
0.8 
0.6 
0. 1 
0. 6 
0.4 
1. 1 
1.4 
2.0 
2.2 
3.8 
3.4 
2.5 
1.9 

3 0 f  14 
-- -I 

0.4 
0 

10 
0 
0 
0 
0 

10 
0.2 
0.1 
0.3 
0.8 
2.0 
2.0 
1.8 
0.5 

304- 14 
__ --I- .- 

1.6 
0.4 
0.4 

0.2 
0. 1 

0. 6 
0.2 
1. 7 
2. 1 
4.2 
3.6 
4.0 
1.2 

0. 0.4 2 

10-14 15-19 
__- I_ 

0.6 
0.1 

0 

0 
0 

0 0  
0 

0.2 
0.3 
1.7 
2.7 
3.9 
1.0 
1.0 

0 0 

- 
10-% 
- 

0. 1 
0 

0. 1 
0 
0 
0 
0 
0 

0. 1 
0 

0.3 
0.3 
1. 1 
1.0 
0.8 
0.2 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

- 
5-9 
__ 
2.4 
2. 7 
1.4 
0. 8 
1.0 
1.7 
0.4 
0.7 
0.4 
2.6 
2. 7 
3. 6 
6.2 
5.5 
2.7 
1.7 

2. 1 
1.8 
1.4 
2. 1 
1.4 
1.6 
1.7 
1. 5 
1.6 
1.7 
2.3 
2.9 
2.7 
2.4 
2. 2 
2.2 

- 
10-28 
- 

0.2 
0 
0 
0 
0 
0 
0 
0 
0 

0. 1 
0. 1 
1.4 
3.3 
3. 1 
1.5 
0.5 

I 

- 
5-9 
- 
2.4 
2.3 
1.8 
2.5 
3. 1 
2.5 
1.3 
2. 1 
2.9 
3.0 
2.7 
3.2 
3.2 
3.2 
3.6 
3.2 

I I 

- 
2 C M  
- 

0 
0 
0 
0 
0 
0 
0 

0. 1 
0.3 
0.1 
10 
' 0  
10  

0.1 
0 
0 

1.2 

0. 7 
0.4 
0.8 
0. 7 
0.2 
0.9 
1.7 
1.1 
1.5 
1.3 
1.9 
2.0 
2.4 
1.4 

as 

- 
5-9 
- 
3.3 
1.2 
1. 1 
2.4 
2. 1 
2.3 
1.6 
1.8 
2.0 
3.3 
3.6 
3.6 
4.0 
4.0 
4.3 
3.0 

0.2 

0.2 
0. 1 
0. 1 
0. 1 
0.3 
0.4 
0.4 
0.6 
0. 5 
0.3 
0.2 
0.8 
0. 5 
10 

1 0  

- 
10-B 
- 

0 
10 

0 
0 
0 
0 
0 

0. I 
0. I 
0. 2 
0. 1 
0. 1 
0. 1 
1 0  

0. 1 
0 

0. s' 
0. 6 
0. 6 
0.8 
1.3 
0.9 
0. 7 
0.6 
1.4 
1.2 
0.6 

- 
5-9 
- 
1. 7 
1.4 
1.9 
1.6 
1.3 
1. 7 
1.3 
1.2 
1.7 
2. 6 
3.8 
3.4 
4.8 
4. 9 
3.6 
2. 9 

0. 1 
0 

0. 1 
0. 1 
0.2 
10 

0. 1 
0.4 
0. 5 
0.3 
0.2 

lC-14 15-19 
._- 

0. 5 
0.2 
0.2 
0.2 

0. 5 
0. 7 
0.7 
1.4 
2. 7 
1.4 
2.8 

0. 0. 7 7 

10-14 115-19 

0 0  

0 
0 
0 

0 0  
0 

0.2 
0 
0 

2.0 
0. 5 

0 

0 0  0 

0.5 0 

10-14 15-19 -- 

0 

0.2 

0 0  
0 0  
0 0  

-0 
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  

0 

3.1 
1.6 
2. 1 
3. 7 
5.9 
6.4 
4.8 
2. 6 
2. 7 
2.0 
3.2 
3. 1 
2.6 
2.3 
2.4 
2. 2 

0.5 
0.6 
0.2 
0.7 
2.1 
1.4 
1.6 
0.6 
1.2 
1.0 
0.7 
0.8 
1.0 
0.8 
0.8 
1.0 

0. 1 

0 0  
0 0  
0 0  
0 0  

0 
0 0  

0.7 
0.6 
0.3 
0.2 
1 0  

0.2 
0.2 
0.5 
1.1 
2.5 
4.1 
3.9 
2.5 
2.8 

2.2 
2. a 

0.7 
(11 
0.1 

0 
0 
0 

$ 0  
10 

0.3 
0.9 
2.1 
2.1 
1.1 
0.9 

1. 2 
2.2 

0.7 
0.6 
a1 

0 
0. 2 

0 
0.4 

0.4 1.2 
2. 1 
2.9 
3.7 
4. 5 
3.0 
2.4 

0.4 
0. 1 
0.2 
0. 1 

0 
0 0  

0. 1 
0. 1 

0. 0 2 
0.7 
1.6 
3.9 
3. 6 
2.3 
1. 1 

1.4 
$ 0  
1!5 
1.1 
1.1 
0.9 
1.4 
1.7 
2.3 
1.7 
1.2 
0.8 
1.4 
0.8 
1.4 
1.3 

2.2 1.7 
2.5 1'6 
2.0 1.0 
1.4 0.4 
1.0 0. 2 
0.8 0.2 
1.6 0. 5 
2.6 1. 6 
5. 5 4.2 
5.8 5.8 
3.1 3.5 
1.9 1.8 
1.5 0.6 
1.0 0.9 
1.8 0.8 
1.9 1.3 
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1.2 
0.8 
1.1 
0.7 
1.4 
1.0 
1.2 
1.2 
1.8 
1.7 
1.6 
1.2 
1.1 
1.0 
1.0 
1.4 

1.9 
1.6 
2.1 
0.8 
0.9 
1.0 
1.0 
1.8 
4.4 
6.5 
5.2 
2.9 
2.4 
1.9 
1.8 
2.2 

0 
0 
0 
0 
0 
0 
0 
0 
0 

0.1 
0 
0 
0 

' 0  
0 

1 0  

1.1 
1.2 
0.9 
1.2 
0.8 
0.5 
1.0 
1.0 
1.3 
1.2 
1.0 
1.7 
1.3 
1.2 
1. 6 
1.3 

1.4 
0.8 
0.3 
0.2 
0.1 
0.2 
0.5 
1.4 
2.7 
2.9 
1.5 
0.8 
0.9 
1.2 
1.5 
1.4 

0.5 
0.2 
10 
10 
10 
10 
10 

0.2 
1.0 
1.0 
0.7 
0.4 
0.2 
0.4 
0. 5 
0.7 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

1.6 
1.9 
1.7 
1.9 
2.0 
2.4 
2.6 
3.5 
4.3 
2. 1 
2. 1 
1.6 
1.4 
0.9 
1.4 
1.3 

0. 1 

' 0  
' 0  

0. 1 
0.2 
0.2 
0.6 
084 
0.6 
0.4 

0 
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  

0 
0 
0 
0 

10 
0 

10 
0 
0 

1. 5 
1.9 
2.0 
1. e 
1.8 
0.6 
1.4 
1. 1 
1.3 
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2.9 
3.3 
4.5 
3.4 
3. 1 
1.9 

0. 6 0.1 
0.4 0.1 
1.0 0.1 
0.3 0 

0 0 
0 0 

0. 1 0 
0.4 0 
0.1 0.1 
0.6 0.2 
1.1 0.7 
3.0 1.9 
4.3 3.7 
4.8 3.0 
2. 2 2.0 
1.4 0.6 

0 

0.2 
0.7 
1.7 
2.3 
1.7 
1.1 
0.3 

0.1 
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  

0 
0.1 

0 
0.3 
0.1 
0.1 

0 

N _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _  _ _ _ _  
"E--. _ _ _ _ _ _ _ _ _  _ _ _ _ _ _  
N E  . . . . . . . . . . . . . . . . . . . .  
E N E  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _  
E _ _ _ _  ~ _ _ _ _ _ _ _ _ _ _ _  ~ _ _ _ _ _  
ESE _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _  
SE..-. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~ 

SSE . . . . . . . . . . . . . . . . . . . .  
6.. _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~ _ _ _ _ _ _  ssw---..-.-.---.------ 
SW _ _ _ _ _ _ _ _  ~ _ _ _ _ _ _ _ _ _ _ _  wsw _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  w _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - -  
WNW _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
NW _ _ _ _ _ _ _ _  ~ _ _ _ _ _ _ _ _ _ _ _  
NNW, _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

1.3 2.7 
1.6 2.2 
1.9 2.1 
2.3 1.8 
2.0 1.8 
2.4 2 4  
3.6 3.6 
3.9 5.8 
3.8 6.6 
2.8 4.5 
1.6 2.6 
1.3 1.8 
1.3 1.1 
0.9 1.2 
1.0 1.4 
1.2 2.1 

-I- 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0.1 
0.3 
0. 1 

QROUP 7 
- 

1. 4 
1.6 
1.4 
2. 5 
3.4 
2.2 
2.8 
2.4 
1.6 
1.0 
2.3 
1.0 
2.0 
2. 2 
1.8 
1.4 

- 
0.3 
0.1 

0 
0.4 
0.1 
0.2 

0 
0.3 
0.1 
0.2 
0.2 

0 
0.2 
0.4 
0.4 
0. 1 
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- 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0. 1 
0 

0.2 
0 
0 

- 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

- 
2.2 
1. 7 
3.8 
2. 6 
3.8 
2.7 
3.3 
2. 2 
2. 2 
3.5 
1.8 
1.4 
2 3  
2.4 
2. 1 
1.2 

__ 
1.9 
2.3 
1.8 
4.2 
5.6 
5.3 
3.0 
1.4 
3.2 
1. 5 
2. 0 
3.9 
3.4 
2.9 
1. 1 
1.9 

- 
0.9 
0.3 
0.3 
0.5 
0.5 
0.8 

0 
0.2 
0.6 
0.7 
0.8 
1. 0 
1.2 
1. G 
1.0 
0. 5 
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- 
0. 1 
0.2 
0. 1 

0 
0 

0. 2 
0 
0 
0 

0. 2 
0. 1 
0.4 
0.4 
0.8 
0.4 
0. 1 
0.2 

- 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0.4 
0. 1 
0.5 
0.3 

- 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

- 
2. 5 
1.4 
1.2 
2.3 
2. 2 
2.2 
2.5 
1.4 
2.3 
2. 8 
2. 1 
3.0 
2.3 
3.0 
3. 1 
2.8 

__ 
3.5 
1.6 
0.7 
2.4 
4.8 
0.9 
2.6 
2.7 
2.1 
3.2 
4.4 
4.3 
4.2 
4.6 
2.6 
1. 7 

- 
1.4 
0. 8 
1.0 
2. 6 
1.8 
3.0 
2 3  
1.5 
1.0 
1.0 
0. 6 
0.7 
0.5 
0.9 
1.0 
0. 8 
C a1 

- 
0. 2 
0. 1 
0. 1 
0. 4 
10 
10 

0.2 
0.3 
0.3 

0 
0.2 
0. 6 
0. 2 

0 
0.3 
0.1 
0.1 

I 

2.7 
2.3 
1.8 
3.4 
6. 1 
6.3 
5.0 
3.0 
2 5  
2.7 
2.4 
2 5  
1.5 
1.5 
1.9 
2.2 

0.1 i l  i 0 

0 0  

1.7 
1. 1 
1. 0 
1.8 
2.4 
2.8 
2 4  
1.4 
1.9 
1.7 
21 
1.2 
1.7 
1.2 
1.9 
1.6 

0.i 1 i 
0 0  
0 0  

QROUP 8 
- 

0 
0 
0 
0 
0 
0 
0 
0 
0 

10 
10 

0 
0 
0 
0 
0 

- 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

- 
1.1 

0.9 
1.0 
0.9 
1.0 
0.7 
1.3 
1.5 
1.5 
1.7 
2. 1 
1.4 
1. 7 
1. 2 
1.7 

.a. 9 

- 
1.6 
1.2 
0.8 
0.6 
0.8 
0. 7 
1.0 
1.7 
3.2 
4. 9 
5.0 
4. 5 
3.6 
3.0 
2.8 
2.6 

- 
2.4 
1. 1 
2.0 
0.9 
0.5 
0.9 
0.7 
0.8 
1. 5 
2. 1 
2. 6 
3.0 
3. 7 
4.2 
3.6 
2.9 

- 
0.2 
0.1 

0 
0 
0 
0 
0 
0 
0 
0 

0.4 
1.8 
2.7 
2.8 
2.6 
0. 7 

- 
0.1 

0 
0 
0 
0 
0 
0 
0 

0. 1 
0.2 
0.1 

0 
0.3 
0.2 

1 
- 
0.6 
0.6 
0.3 
0.2 
10 
1 0  

0.1 
0.4 
1.7 
2.8 
2. 1 
1. 0 
0.3 
10 

0.4 
0.8 
0.2 

- 
0. 3 
0.2 
10 

0 
0 

10 
10 

0 
0.8 
1.7 
1.2 
0.2 
0. 1 

0 
10 

0.2 

- 
1.7 
1.2 
0.9 
0.1 
0.3 
0.2 
0.3 
0.6 
3. 1 
5.0 
4.8 
3.0 
1. 1 
1. 1 
1. 5 
1.8 
C a1 

I 

0.7 
0.5 
i n  

10 
0.1 

0 
0 
0 
0 

1 0  
0 

I 
0.3 

0 
0 
0 
0 
0 
0 
0 

0.1 
0. 2 
1. 1 
0.5 
0.4 
0.3 
1.3 
0.6 

n 

0. .1 

10 
0. 2 
0.3 

GROUP 9 
- 
1.7 
1.8 
2. 1 
1. 7 
1.4 
1.9 
2.6 
2. 1 
2.2 
3.0 
2.2 
1.4 
1.4 
1.5 
1.8 
1.7 

_I 

- 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

10 
0 
0 
0 

- 

- 
1.2 
1.2 
0.7 
0.3 
0.3 
0. 2 
1.4 
2.0 
3.4 
2.6 
1.1 
0.4 
0.3 
0.4 
0.8 
1. 1 
C d  

- 
10 

0.1 
0 
0 
0 
0 
0 

' 0  
0.2 
0.3 
10 
10 

0. 1 
0. 1 
10 

0.1 

_1 

- 
2. 5 
1.8 
2.0 
1.4 
1.2 
1.6 
2.9 
5.1 
5. 6 
5.9 
3.8 
1.8 
1.6 
1.3 
2.0 
2.1 

- 

- 
0 

10 
0 
0 
0 
0 
0 

10 
0. 1 
0.3 
0.1 
10 

0.1 
0.2 
0. 1 
0.1 

__I 

0.4 
0.4 
0.1 
0.1 
10 
10 

0. 1 
0.3 

1.3 
1.6 
1.6 
1. 7 
1.6 
1.2 
1.4 
1.6 
1.0 
1.7 
1.5 
1.4 
2.0 
1.7 
1.6 
1. 1 0.4 

0.2 I 
I Less than 9.05 per cent, 
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0-14 

0.7 
0.0 
0.0 
0.3 
0.0 
0.0 
0.3 
1.5 
2.3 
3.2 
2.8 
2.3 
2.5 
2.9 
2.4 
1.0 
Calm 

TABLE l5.-Average seasonal percentage frequency of free-air winds 
of different velocities at 600 and 1,000 meters, classified according 
to wind direction 

15-1' 
-- 

0.1 
0.3 

0 
0.2 

0 
0.3 
0.2 
0.7 
1.8 
1.0 
1.5 
1.3 
0.0 
1.2 
0.5 
0.3 
0.1 

TABLE 15.-Average seasonal percentage frequency of free-air winds 
of different velocities at 600 and 1,000 meters, classified according 
to wind direction-Continued 

0-14 

3.1 

1.0 
0.4 
1.0 
0.0 
0.9 
2.7 
3.0 
2.1 
1.4 

2.5 
2.3 

GROUP 1 
SPRING 

16-19 20-2' --- 
1.3 0.4 

1 . 0 0 . 3  0 
0.1 0 
0.1 0 
0.3 0.1 
0.4 0.1 
0.4 0 
0.5 0 
1.3 0.5 
2.2 1.2 
0.8 0.7 

1 . 7 0 . 3  0 
1 . 0 0 . 3  0 
1 . 3 0 . 5  0 

1.9 0.3 
1.0 0. 1 

GROUP 2 

SPRING 

I Velocity m. p. s., 500 m. 

1-4 

1.0 
1.2 
0.0 
0.4 
0.4 
1.3 
0.9 
1.0 
0.0 
0.9 
0.9 
0.9 
1.2 
0.0 
0.7 
1.0 

Velocity m. p. s., 1,000 m. 

5-9 
-- 

1.5 
1.3 
1.9 
1.9 
2.2 
2.1 
2.8 
2.7 
2.7 
3. 1 
2.1 
2.5 
3.0 
2.8 
4.2 
4.0 

I Velocity m. p. s., 500 m. 

0.1 
0.2 

0. 2 

0. 1 
0.3 
0. 9 
1.5 
1.7 
1.7 
1.8 
1.3 
1.7 
0.5 

Velocity m. p. s., 1,000 m. 

0 0  
0 
0 

0 0  
0 

0 0  
0 

0.2 
0.2 
0.4 
1.0 
1.0 
0.3 
0.2 
0.2 
0.2 

- 
O+ 
- 

0 
0 
0 
0 
0 
0 
0 

0.1 
0. 1 

0 
0 
0 
0 
0 
0 
0 

- 

0.0 

0.1 

1.2 

2.4 
2.1 
2.2 
3.1 
3.3 

Wind direction - 
12 

2 . 2 1 . 3  0 0 
0.1 0.1 0 

0 . 0 0 . 3  0 0 
0 . 4 0 . 1  0 0 

0.3 0.1 0 
0 . 9 0 . 4  0 0 
1 . 2 0 . 1  0 0 

0.4 0.1 0 
3 . 3 1 . 0 0 . 3  0 
2 . 7 1 . 0 0 . 7  0 

0.9 1.0 0.1 
0.0 0.4 0.1 
0.3 0.1 0 
0.3 0.1 0 
2.1 0.4 0 

3 . 1 1 . 3 0 . 4  0 

- 
30-k 

0 
0 
0 
0 
0 
0 
0 

0.1 
0 
0 
0 

0.1 
0 
0 
0 
0 

- 

- 

1.8 
1.1 
1.3 
1.2 
1.0 
1.0 
1.9 
1.0 
2.2 
2.3 
2.0 
1.0 
1.4 
2.0 
2 7  
2.0 

2.1 
1.3 
1.3 
1.3 
1.1 
1.0 
1.8 
1.7 
2.2 
2.5 
3.7 
3.8 
7.1 
5.8 
4.9 
3.9 

2.9 
1.7 
1.0 
0.9 
1.2 
1.7 
1.9 
2.2 
5.3 
4.1 
3.8 
2.9 
2. 7 
3.3 
3.8 
3.3 

2.4 
0.7 
0. 7 
0.2 
0.2 
0.5 
0.5 
1.4 
2.9 
3.8 
2.7 
1.7 
1.2 
1.5 
2.1 
1.4 
C8 

0.1 

0. 2 
0. B 
0.4 
0.0 
0.7 
0.3 
0. 1 

0 0  
0 0  

0 
0 0  
0 0  
0 0  
0 0  
0 0  

0 
0.2 
0.1 
0.2 
0. 1 

0 
0 

0 0  

0.2 
0 0  

0 
0 0  
0 0  
0 0  
0 0  
0 0  

1.9 
1.3 
2.4 
1.1 
1.4 
1.9 

2.9 
1.4 
1.8 
1.0 
1.3 
1.9 

1.4 
1.9 
2.9 
1.3 
1.3 
1.0 
1.1 

2.0 
4.8 
0. 1 
4.3 
2.7 
1.4 
0.0 

0.4 
0.4 
0.9 
1.0 
0.9 
0.7 
0.1 

0 0  
0 
0 
0 

0.2 
0 
0 

0.1 

0. 1 
0.2 

0.0 
0.5 
0.5 
0. 1 

0.4 0.5 

0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  

0.1 
0. 1 

0 
0 
0 
0 

0 0 

1.0 
1.4 
0.5 
0.4 
1.0 
0.4 
0.4 
0.7 
2.2 
3.3 
4.3 
4.5 
7.4 
6.0 
4.9 
2.1 

1.1 
0.1 

0 
0 
0 
0 
0 

0.0 
1.4 
3.3 
3.7 
4.4 
5.7 
4.2 
4.1 
1.4 

1.8 
1.0 
0.0 
0.9 
0.5 
0.4 
0.7 
2.0 
4.5 
3.0 
3.9 
0.1 ' 
4.0 
0.9 
4.8 
3.7 

0.7 
0.5 
0.2 

0 
0.1 
0.0 
0. 1 
0.5 
2.9 
3.0 
2.2 
3.3 
3.0 
3.7 
2.8 
1.4 

0.1 
0.4 
0.3 

0.2 
0. 1 
0. 1 

0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  

0 
0 
0 

0 0  
0 
0 
0 

0 0  
0 0  

0.9 
0.4 

0 

0.2 

1.2 
2.5 
2.1 
0.7 
1.2 
1.1 
1.8 
1.0 
10 

0.5 
0 

0.2 
0 0  
0 0  
0 0  

0 
0 0  

0.5 
1. 1 
0.7 

0 
0.2 
0.2 
1.0 

0 

0 
0 
0 
0 
0 
0 
0 
0 
0 

0.2 
0 
0 
0 
0 
0 
0 

1.1 
0.9 
0.5 
0.9 
0.9 
0.5 
0.4 
0.4 
1.4 
0.7 
0.2 
1.1 
1.1 
1.1 
2.7 
1.1 

1.3 
0.7 
0.4 
0.3 
0.3 
0.3 
0.3 
0.7 
3.2 
2.0 
2.4 
2.8 
3.0 
3.3 

2.1 

0 0.1 
0 0 
0 0 
0 0 

0.2 0 
0.1 0 

0 0 
0 0.2 

0.9 0.3 
0.8 0.0 
1.0 1.0 
1.2 0.8 
1.2 0.0 
1.3 0.3 

2 . 9 1 . 0  0 
0. 3 0 

0.3 
0.8 
0.4 
0.1 
0.1 
0.3 
0 3  

2.4 
1.0 
0.0 
0.9 
0.4 
0.0 
0 0  

0.4 
0.4 
0.5 
0.4 
0.2 
0.2 

0 
0.2 
0.4 
0.4 
0.7 
0.4 
1.2 
1.4 
0.9 
0.7 

1.4 
1.1 
0.9 
0.2 
0.2 
0.7 
0.5 
0.9 
1.4 
1.1 
3.0 
1.9 
2.0 
0.3 
4.8 
2.8 

1.1 
0.9 
0.2 

0.2 
0.5 
0.5 
1.2 
1.4 
0.9 
0.7 
2.7 
3.2 
7.2 
8.5 
3.9 

0.7 0.2 
0.4 0 

0 0 
0 0 0  

0 0 
0.2 0 

0 0 
0 0 

0.7 0.2 
1.4 0.6 
0.4 0.7 
0.7 0.7 
1.9 0.2 
4.1 0.7 
4.9 3.4 
3.9 2.5 

- 
,O+ 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

- 

- 

__ 
5-9 
- 
3.7 
2.1 
1. 7 
1. 1 
1.5 
0.0 
1.4 
2.5 
3.4 
3.0 
2.0 
3.3 
4.2 
3.0 
4.9 
4.5 

- 

- 
!c-z 

0 
0 

0. 1 
0 
0 
0 
0 

0.3 
0.4 
0.9 
0.5 
0.0 
0.1 

0 
0 
0 

- 

- 

0-14 15-19 20-21 
--- l i  

- 
5-9 
- 
2.7 
2.2 
2.9 
1.9 
1.9 
2.7 
2.0 
3.0 
5.1 
3.0 
2.5 
1.7 
2.1 
1.4 
3.0 
3.8 

- 

1-4 5-9 

3.4 
2.1 
1.3 
1.4 
0.0 
0.0 
1.2 
1.0 
2.8 
2.8 
3.4 
4.7 
5.1 

5.5 
3.0 

- 

14.4 

.O-14 15-19 20-28 304- - ~ - -  I l l  
0.8 
1.4 

1.5 
0.0 

0.4 
n. 8 1.4 

0.4 
0.9 

SUMMER SUMMER 

$ 1 ,  
- 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

- 
0.4 
0.7 
0.2 
0.2 
0.1 
0.2 
0.1 
0.4 
1.0 
1.0 
2.2 
4.0 
3.3 
2.9 
2 5  
1.9 
Cel 

- 
1.2 
1.9 
1.2 
0.5 
1.2 
1.5 
1.9 
2.2 
1.2 
1.7 
1.5 
1.5 
0.9 
0.7 
1.7 
2.0 

- 
0.3 

0 
0.2 

0 
0 
0 
0 

0.3 
0.9 
2.1 
0.3 
0.5 
0.5 
0.5 
1.0 
0.5 
nO 

1 I 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0.3 
0.2 

0 
0.2 

0 
0 
0 
0 
0 
0 

0 2.7 3.1 
1.0 2.0 
1.1 1.5 
1.8 0.7 
0.9 0.5 
2.1 1.0 
2.3 1.0 
1.3 2.3 
2.9 3.0 
1.9 3.0 
2.5 3.7 
2.5 3.2 
3.0 5.9 
2.2 4.7 
1.9 4.7 
3.0 3.0 

0 
0.2 

0 
0.5 
1. 1 
I. 0 
1.0 
1.4 
0.0 
0.5 
0. 5 
1. 1 
0.3 
3 0.2 

0 1  0 0 0 0  
0.3 0 
0.5 0 
0.7 0 
0.3 0 
0.3 0 
0.3 0 
0.3 0 
0.2 0 

1. 1 
0.5 
1.0 
1.4 
2.1 
Cal 

1.4 0.8 
1.3 2.7 
1.1 3.9 

0 
0 

AUTUMN AUTUMN 
- 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

- 

- 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0.5 

- 
D. 1 

0 
0 
0 
0 
0 

0.1 
0 

0. 5 
1. 1 
2.3 
1.4 
2.5 
1.5 
1.5 
0.2 
0.2 

- 
0.0 
0.3 
0.3 

0 
0 
0 

0.2 
0.3 
1.7 
2.7 
1.2 
0.5 
0.5 
0.8 
0.8 
2.7 
nO 

- 
0.2 

0 
0.2 

0 
0 
0 
0 
0 

0.5 
0.5 
0.8 
0.2 
0.2 
0.2 
0.6 
0.3 

- 
2.5 
1.1 
1.1 
0.2 
0.5 
0.5 
1.0 
0.7 
3.0 
4.1 
2.9 
3.0 
3.4 
4.5 
4.3 
2.1 

- 
2.0 

0 
0.7 
0.2 
0.4 
0.5 
0.5 
0.5 
2.5 
4. 5 
2.7 
1.2 
2.7 
3.9 
5.6 
2.9 
Ca 

- 
0.1 

0 
0 

0 
0 

0.2 
0.1 
0.4 
1.0 
1.0 
1.5 
1.4 
0.0 
0.0 
0.4 
10.2 

n 

- 
1.0 
0.7 
0.5 
1.0 
0.2 
0.2 
0. 5 
0.0 
1.0 
0. 7 
1.0 
1.5 
2.2 
1.2 
0.9 
1.2 

2 2  1.2 
1.8 0.9 
1.7 0.2 
0.5 0.2 
1.2 0.3 
1.2 0.2 
1.7 0.8 
2.3 1.9 
3.1 2.3 
5.0 4.7 
2.2 3.3 
1.7 1.7 
2.7 2.2 
3.3 0.9 
3.4 3.8 
3.9 4.4 

CE 

WINTER WINTER - 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0.1 
0.1 
0.1 

0 
0.3 
0.1 

- 

- 
2.4 
1.4 
1.4 
0.0 
0.9 
0.3 
1.0 
1.3 
2.0 
3.0 
2.4 
4.0 
0.3 
5.5 
8.3 
3.0 

- 
0 
0 
0 
0 
0 
0 
0 
0 

0.5 
0.2 
0.5 
0.3 

0 
0.3 
2.3 
1.5 

- 

- 
0.2 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0.2 
0 
0 
0 

- 

0 
0 
0 
0 

0.0 
0 

0.2 
0 
0 

0.2 
0.2 
0.0 
0.9 
0.9 
0.5 
0.8 

0.3 
0 
0 

0.1 
0.1 
0.1 

0 

0 
n 

n 0 
0 
n 0 

1.1 
1.4 

2.0 
mO 

12.0 
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Wind direction 

N _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
N N E  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
N E  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
E N E  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
E . . . . . . . . . . . . . . . . . . . .  
ESE _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
SE _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
SSE _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  s _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ -  
8SW -__-___---------  sw ___-_-_----------- wsw _-___--_-------  w _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
WNW--.. _ _ _ _ _ _ _ _ _ _ _  
NW _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
NNW _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

TABLE l5.-Auerage seasonal percentage frequency of free-air winds 
of different velacities at 600 and 1,000 meters, classified according 
to wind direction-Continued 

GROUP 3 
SPRINQ 

- 
14 
- 
1.5 
1.4 
1.2 
1.7 
0.8 
1.4 
1.0 
1.3 
1.7 
1.7 
1.8 
1.2 
1.3 
1.6 
1.4 
1.4 

TABLE 15.-Average seasonal percentage frequency of free-air winds 
of digwent velocities at 600 and 1,000 meters, classified according 
to wind direction-Continued 

GROUP 4 
SPRINO 

0-14 

1.6 
1.0 
0.8 
0.6 
0. 5 
0.3 
0.1 
0.1 
1.1 
2.5 
2.1 
2.3 
2.0 
2.7 
3.4 
1.9 
Calm 

1 Velocity m. p. s., 500 m. 

15-1' 
_- 

0.3 
0.3 

0 
0. 1 
0.1 
0.1 
0.1 
0.1 
0.4 
0.7 
1.0 
0.8 
0.9 
0.9 
0.6 
0.5 
0.3 

Velocity m. p. s., l,O@ m. 

0.2 
0.2 
0.2 

0.2 
0.3 

0.1 
0.9 
1.5 
2.7 
1.9 
1.4 
0.3 

0.4 

I Velocity m. p. s., 500 m. 

o 
0 
0 

0 0  
0 
0 

0 0  
0 

0.2 
0.6 
0.4 
0.5 
0.4 

0 
0 0  

0 

Velocity m. p. s., 1,OOO m. 

2.8 
1.8 
1.8 
1.8 
1.4 
1.0 
0.8 
1.5 
2.6 
3.0 
3.9 
3.6 
3.3 
2.0 
3 1  
2:2 

- 
304 

0 
0 
0 
0 
0 
0 
0 
0 
0 

G. 1 
0 
0 
0 

0.1 
0. 1 

0 

- 
2.0 0.5 
1.0 0.3 
1.0 0.1 
0.1 0.1 
0.1 0.1 
0.3 0.1 
0.2 0 
0.2 0 
1.2 0.2 
2.8 1.0 
3.5 2.9 
3.0 2.1 
3.0 1.8 
2.0 1.0 
1 6  0 7  

, i 4  I 0:3 

- 
{Ot 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

- 
0.6. 
0.1 
0. 1 
0.3 
0. 1 
0. 1 

0 

0.1 
b. 7 
1.1 
1.1 
1.4 
1.6 
1.4 
0.9 

- 
' O f  
- 

0 
0 
0 

' 0  
0 
0 
0 
0 
0 

0.1 
0 
0 
0 
0 
0 
0 

0.1 
0 
0 
0 
0 
0 

0.1 
0 0  

0. 1 
0.1 
0.4 
0.3 
0.3 
0.4 
0.3 
0.2 

Wind direction - I 14 

0 

- 
LO+ 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0.1 
0.1 

0 

- 

0 0  
0 0  
0 0  
0 0  
0 0  
0 0  

.o 
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  

0 

0.1 

0.1 0.1 
0.1 

0.1 

- 
5-9 
- 
2.1 
1.8 
2.3 
2.6 
1.7 
1.8 
1.3 
1.6 
3.5 
4.5 
3.1 
2.1 
3.5 
3.0 
1.7 
3.9 

-0 
0 0  
0 0  
0 0  
0 0  

0 
0 0  
0 0  
0 0  

0 
0 0  
0 0  
0 0  

0 

0 0 

- 
10-1, 
- 
2.2 
0.6 
0.5 
0.6 
0.7 
0.4 
0.2 
0.8 
1.3 
3.6 
3.4 
2.9 
3.0 
1.3 
1.0 
1.9 
Cd 

N . . . . . . . . . . . . . . . . . . . .  
N N E  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
N E  ~ _ _ _ _ _ _ _ _ _ _  
E N E  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
E, _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
ESE _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
SE _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
SSE _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  s _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ - -  ssw .....--..--.---. sw -..----.--.-...... 
WSW --...-...-.--.. w _____- -___-_- -___- -  
WNW _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
N W  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
NNW _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

- 

1-4 

0.9 
1.6 
1.2 
1.5 
1.3 
1.3 
1.0 
1.8 
1.0 
2.0 
1.3 
1.3 
2. 5 
1.6 
1.6 
1.3 

- 

2.9 2.8 
2.0 3.6 
2.4 3.1 
2.3 2.0 
1.6 1.5 
1.0 1.2 
1.8 0.4 
0.8 1.0 
1.4 1.8 
3.4 5.3 
2 5  4.8 
5 5  6.5 
2.5 3.5 
1 9  2.6 
$7 4.8 
3.1 3.8 

- 
*2! 
_. 

0 
0 
0 
0 
0 

0. 1 
0 
0 

0.2 
1.0 
1.0 
0.9 
0.6 

0 
0 
0 

0.1 

- 
5-9 
__ 
3.3 
2.4 
1.7 
1.6 
1. 1 
0, @ 
1. 0 
1.9 
3.6 
3.9 
4.2 
4.3 
4.1 
4.3 
4.0 
4.8 

0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  

0 
0 0  
0 0  
0 0  

- 
10-2! 
- 
0. 1 

0 
0 
0 
0 
0 
0 
0 

0. 1 
0.1 
0.5 
0.3 
0.2 
0.2 
0.1 

0 

1.0 
1.0 
0.8 
0.7 
0.1 
0.2 

0. 1 
0.5 
1.3 
2.7 
2. ti 
2:o 
2.2 
2.2 
1.0- 

- 
1-4 
- 
1.6 
1.4 
0.8 
0.6 
0.6 
0.5 
0.7 
0.8 
0.4 

1.0 
1.0 
1.8 
1.2 
2.1 

?! 

0.1 
0 
0 
0 
0 

0.2 
0 0  

0 
0 

0.4 
0.5 
0.1 
0.2 
0.5 
0.4 
0.1 

- 
5-9 
- 
3.7 
1.9 
1.6 
1.0 
0.5 
0.6 
0.8 
1. 6 
1.9 
2.7 
4.6 
3.9 
5.4 
3.9 
4.7 
4.3 

2.1 
1.2 
1.9 
0.5 
1.7 
1.0 
2.1 
2.4 
2.7 
3.8 
5.0 
5.7 
5.0 
2.9 
3.0 
1.9 

- 
&l' 

2.9 
1.2 
0.9 
0.2 
0.2 
0.5 
0.1 
0.1 
0.4 
2.3 
3.2 
2.9 
3.1 
4.3 
3.3 
2.4 
ca1 

- 

0.3 
0.3 
0.3 
0.3 
0.5 
0.5 
0.3 
0.9 
1.5 
2.6 
3.1 
3.8 
3.0 
2.2 
1.2 
1.4 

3-19 20-2 
_- 

1.7 
0.8 
1.3 
0.9 
1.5 
0.0 
0.8 
1.5 
1.1 
1.3 
3.0 
2.1 
1.9 
1.0 
2.1 
1.3 

5-0 10-1415-1' 
_- I I- 

2.6 
0.8 
2.3 
1.3 
1.1 
0.2 
1.3 
1.3 
3.2 
3.8 
4.3 
4.9 
5.0 
2.3 
6.1 
2.1 

6-19 20-2 
-- 

1. 4 
1. 2 
1. 2 
1.7 
1. 6 
1.4 

0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  

0 
0 
0 
0 
0 
0 

0 0  

I- 

21 8 
2.3 
2 8  
1.6 
0.9 
0.9 
1. 2 
1. 2 
1.6 
2.6 
3.2 
3.3 
4.4 
5.1 
6.9 
4.8 

2.5 
0.9 
1. 1 
1. 1 
0.8 
1.3 
0.9 
1.4 
1.4 
1.0 
1.4 
1.1 
1. 6 
1. 1 
q. 6 
1.7 

1. 3 
0.6 
1.1 
0.5 
0.2 
0.1 

0 
0. 2 
0.9 
1.5 
2.1 
1.0 
26 
4.3 
6.0 
3.1 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

1.8 
0.8 
0.8 
0.7 
0.7 
0.3 
0.8 
0.3 
1.1 
0.7 
0.5 
1.3 
1.9 
1.8 
1.8 
1.3 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0.1 
0 
0 
0 

0.6 
0.3 
1.3 
0.6 
0.3 
0.8 
0.5 
0.6 
0.6 
0.5 
0.6 
0.6 
1.3 
1.0 
0.8 
1.1 

0 

.o 
0.1 
6.3 
0.4 
0.8 
0.1 

-- 
0 0  

0 0  
0 0  
0 0  
0 0  
0 0  
0 0  

0 
0 0  

0 
0 
0 
0 
0 

0 9 0  

0.9 
1.5 
0.8 
0.9 
1.1 
0.5 
1.0 
0.8 
0.8 
0.9 
1.0 
1.1 
1.4 
1.3 
1.3 
1.1 

1.9 0.8 
1.8 0.4 
1.9 0.6 
1.8 0.6 
1.1 1.3 
1.8 0.1 
2.1 0.1 
1.6 0.6 
2.3 0.8 
2.0 1.9 
3.4 4.4 
4.0 3.8 
6.5 4.3 
4.5 3.6 
3.6 2.5 
3.5 0.5 

1. 5 

0 .5  
0.6 
0.1 
0.1 

0.1 
0.3 
0.8 
2.1 
3.6 
5.8 
7.4 
7.3 
3.3 

0. 6 0.2 
0 . 6 0 . 2  0 

0.3 0 
0.3 0.1 

0 0 
0 0 

0 0 0  
0 0 
0 0 

0.2 0.1 
1.0 0.3 
1.6 0.5 
3.0 0.8 
3.9 1.8 
5.5 1.8 
1.4 0.4 

SUMMER SUMMER 
. . .  - 

0.7 
0 

0.2 
0.9 
0.2 

0 
0 

0.2 
0.9 

0 
1.5 
4.3 
3.7 
2.2 
0.7 
0.4 
Ca 

- 
3.3 
4.0 
1.7 
2.8 
1.1 
0.8 
0.5 
0.7 
1.4 
1.9 
4.5 
5.9 
7.0 
4.1 
4.8 
4.6 

- 
0 
0 
0 
0 

0.2 
0 
0 
0 

0.2 
0.2 
0.2 
0.2 
1.3 
0,4 

0 
0 

10 

- 
2.6 
1.4 
1.8 
1.8 
1.4 
0.7 
1. 1 
0.6 
1.4 
1.8 
2.7 
2.8 
2: 2 
2.6 
1.7 
2.6 

- 

3.5 
3.1 
2.9 
2.5 
1.4 
2.1 
2.5 
2.7 
1.9 
1.9 
3.5 
2.5 
2.9 
2.9 
1.6 
2.7 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

2.0 
3.0 
3.7 

41 
0 

0.2 
0 
0 
0 

0 
0.2 

0 
0.2 
0.2 

0 
0 
0 
0 

0.2 
0 

0.4 
1.6 

0 
0 
0 

n 0.4 

0 
0.2 

0 
0 1.5 

1.3 
0.2 
0.9 
1.3 
2.4 
2.4 
4.3 
4.6 
6.7 
4.8 
2.6 

0 
0 
0 
0 

0 
0 

0 
0 0. ii 

0.3 
0 

0.3 
0.2 
0.2 

0 
10.3 

0 4.6 
I 

AUTUMN AUTUMN 
- 
0.1 

0 
0 
0 
0 
0 
0 

0.1 
0.2 
0.2 
0.2 
0.1 
0.3 
0.5 
0.2 
0.2 

- 
0 

0.2 
0 
0 
0 

0.2 
0 
0 
0 

0.9 
0.9 
2.1 
1. 5 
1.1 
0.4 

0 
0 0  

- 
1.0 
1.0 
0.4 
0. 1 
0. 1 
"r G 
0.1 
0.2 
0.4 
2.2 
2.4 
2.5 a. 4 
3.9 
4.2 
3. 1 
Ca' 

__ 
0.1 

0 
0 
0 
0 
0 
0 

0. 2 
0.2 
0.4 
0.6 
0.5 
1.2 
1. 8 
1. 7 
1.3 
0.3 

- 
0 
0 
0 
0 
0 
0 
0 
0 

0.1 
0 
0 
0 
0 
0 
0 
0 

__ 
0 
0 
0 
0 
0 
0 
0 
0 

0.5 
0.5 
1.0 
1.4 
0. 9 
0.7 
0.2 
0.2 
I 0.5 

_. 

0 
0 
0 
0 
0 
0 
0 
0 

0.2 
0.3 
0.2 

0 
0 
0 
0 
0 

- 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

-- 
1.1 
0.4 
0.2 

0 
0.2 
0.8 

0 
0.4 
0.4 
1.3 
4.5 
3.6 
5.5 
3.8 
1.5 
0.9 
CH 

- 
0.1 

0 
0 
0 

0. 1 
0 

G. 1 
0 

0.1 
1.1 
0.3 
0.7 
0.7 
1.1 
0.9 
0.2 
10.2 

_. 

0 
0 
0 
0 
0 
0 
0 
0 
0 

0.1 
0.1 
0.1 
0.1 
41 
0.1 

0 

-- 
4.6 
3.0 
1.5 
0.8 
0.4 
0.0 
1.0 
0.7 
1.8 
1.6 
3. 2 
3.6 
4.7 
6.3 
8.6 
5.3 

- 

- 
2.7 
1.0 
0.8 
0.8 
Ob6 
0.1 
0.4 
0.6 
1.1 
2.2 
1.7 
3.5 
4. b 
5.2 
4.6 
3.3 

- 

1.9 
1.4 
0.5 
1.2 
1.4 
1.4 
1.7 
1.5 
1.9 
2. 7 
1.7 
1.9 
2.2 
2.1 
2.1 
I. 2 

WINTER WINTER 
- 

0 
0 
0 
0 

0.1 
0 
0 
0 

0.3 
0.8 
0.6 
0.9 
0.1 
0.1 

0 
0 

- 

- 
1.6 
1.4 
1.4 
1.1 
1.8 
1.0 
1.1 
1.6 
1.1 
1.0 
2. 1 
2.1 
2.6 
3.7 
4.9 
2.7 

- 

- 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0.2 
0 
0 
0 

- 

- 

0.6 
0.8 
0.3 
0.1 
0.3 
0.2 
0.3 
0.3 
0.2 
0.6 
0.6 
0.6 

1.2 
0.8 

9: c! 

d 

-0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0.1 
0.1 

0 

e 

0.3 
0 

0.6 
.O 
0 
0 
9 

0 1.1 0.5 0.3 

0 0  
0.2 0.2 

0.; 1 : 0 
0 
0 

0.3 
0 

0.4 
0.5 
0.5 
1.1 
2. 1 
2.5 
1.3 
0.6 
0.5 
0.3 

o 0.4 

0 0  
0.2 0 
0.2 0 

0 0  
0.8 0.5 
2.4 1.3 
3.0 1.6 
4.1 1.0 
2.9 0.5 
1.4 1.1 
0.5 0.2 

10.3 

0.8 
1. 6 
2.3 
a. 7 
3.4 
7.6 
7.3 
3.6 
Cal 

0. i 
0: 1 
1.0 
1.3 
1.8 
2.9 
1.5 
0.6 

10.1 
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0.14 

1.6 
1.4 

0.4 
0.4 
0.4 

1.0 
3.4 
2.0 

Calm 

TABLB 15.-Averags seasonal percentage frequency of free-air winds 
of different velocities at 600 and 1,000 meters, classified according 
to wind direction-continued 

GROUP 6 
SPRING 

16-10 7049 30+ 

0 0 0 
0 0 0 

0 . 4 0 . 4  0 0 
0 0 0 
0 0 0 
0 0 0 

0 . 2 0 . 4  0 0 
0.4 0.2 0 
0.8 0.2 0 
0.8 0.6 0 

1 . 4 0 . 6 0 . 2  0 
1 . 0 0 . 6  0 0 
1 . 0 0 . 2  0 0 
1 . 6 0 . 2  0 0 
3 . 0 0 . 8  0 0 
2 . 2 0 . 2  0 0 

- ~ - -  

0.2 

TABLE l5.-Average seasonal percentage frequencu of free-nir winds 
of different velocities at 600 and 2,000 meters, classified according 
to wind direction-Continued 

GROUP 5 

SPRING 

1-4 

1. 6 
1.4 
0.8 
1.4 
0. 6 
1.2 
1.2 
0.8 
1.8 
1. 6 
2.2 
0. 6 
2. 2 
1.6 
2.8 
1.8 

- 
I Velocity m. p. s., 500 m. 

5-0 
-- 

5.2 
1.0 
1.2 
1.8 
1.2 
2.0 
2.2 
3.2 
3.8 
5.2 
2.8 
3. 6 
2. 6 
4.4 
4.0 
4.2 

Velocity m. p. s., 1,oOo m. 

-- 
0.3 
0.5 
0. 1 
0.2 
0.1 

0. 1 
0.1 
0.8 
1.0 
1. 2 
1.2 
1.0 
0.7 
0. 1 
0.5 

I Velocity m. p. s., m. 

0 
0 
0 
0 
0 

0 0  
0 
0 

0. 1 
0.8 
0.8 
0.2 
0.1 

0 
0. 1 

0 

Velocity m. p. s., 1,OOO m. 

0. 2 

0.1 

0. 1 

0. 1 
0. 5 
0.6 
0. 6 
0.5 

0.3 
0.2 

0 
0 0  

0 
0 0  

0 
0 0  
0 0  
0 0  

0 
0.2 
0. 1 

0 
0 

0 0  
0 
0 

0.3 
0.3 
0.3 

0.3 

0.3 

0.3 

_- 
0 0  
0 0  
0 0  

0 
0 
0 

0 0  
0 0  

0 
0 0  

0 
0 0  
0 0  

0 
0 0  
0 0  

N _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
NNE. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
N E  __._____________ _ _  
E N E  ...-...-..-...-. 
E . . . . . . . . . . . . . . . . . . . .  
ESE-.. _ _ _ _ _ _ _ _ _ _ _ _ _ _  
SE _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
SSE. _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ -  s--- ____- - -_ -_ - - - - -  - -  ssw --..--..-....--- sw .---.--......----- wsw ..-.-.--....--- w _____- - -_____- - - - -  - 
WNW _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
N W  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
N N W  _ _ _ _ _  ~ _ _ _ _ _ _ _ _ _  

1.5 
1.5 
1.0 
3.4 
1.8 
1.8 
2.6 
1.3 
2.6 
4.6 
3.4 
7.5 
6.4 
6.7 
3.0 
1.8 

1. 6 
1. 3 
2 3  
2. 1 
1.4 
0.0 
1. 0 
0. 0 
2. 1 
2.3 
2.1 
2.3 
3.3 
1.8 
2. 5 
2 8  

2. 6 
4.0 
2.8 
1. 7 
1.5 
1.4 
1. 5 
1. 7 
3.3 
5. 2 
5.8 
5. 6 
4.3 
3.2 
1.5 
1.5 

0. 2 
0. I 
0. 1 

0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  

0 
0 
0 

0 0  
0 0  
0 0  

1. 2 
0. 7 
1.3 
1.1 
0.3 
0. 5 

0. 1 
0.5 
1.3 
2 4  
2.4 
2.4 
0.7 
0.7 
0.0 

0.1 
0 

0.3 
0 
0 
0 

0 0  
0 

0.3 
0.4 
0.4 
0.7 
0.5 

0 
0.3 
0. 5 

1.4 
0.5 
0.7 
0.2 
0.5 
1.6 
3.2 
1.2 
1.2 
3.0 
1.7 
3.5 
3. 9 

a. 1 
D.9 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

0.2 0 
0. 7 0 

0 0.2 
0. 5 0.2 

0 0 
0.2 0 
0. 3 0 

1 . 2 0 . 0  0 
0:7 0.2 

0 0 

2.8 4.3 0.7 0.2 0 0 0 0 
2 . 4 0 . 0 0 . 2  0 
4 . 1 0 . 4 0 . 2  0 
5 . 0 1 . 2 0 . 2  0 
3 . 0 1 . 3 0 . 2  0 
1 . 3 0 . 2 0 . 2  0 
2 . 0 0 . 4 0 . 7  0 
1 . 7 0 . 0 0 . 2  0 
1 . 1 0 . 2 0 . 4  0 
1.0 0 0.2 0 
2.0 0.2 0 0 
1 . 0 0 . 0 0 . 2  0 
1 . n o . 9 0 . 4  0 
2 . 0 0 . 7 0 . 2  0 
1.4 1.510.4 0 

0 0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

1 . 7 0 . 2  
1.0 0. 2 
1 . 5 0 . 6  
1 . 1 0 . 1  
3.2 0 
3.1 0 

1.4 0 
3 . 4 0 . 2  
1.0 0.5 
1. 8 0.4 
1.3 0.8 
1.0 1.3 
1.7 0.6 
1 . 6 0 . 2  
1 . 8 0 . 7  

0 0 0  

0 0 
0. 2 0 

0 0 
0 0 
0 0 
0 0 

0 
0 0 
0 0 

0.1 0 
0.7 0 
0. 3 0 
0.4 0 
0.1 0 

0 0 
0 0 

1.8 
3.7 
3.0 
3.0 
2.5 
3. 2 
3.2 
2. 1 
2. 5 
1.6 
0.7 
1.8 
1.8 
2. 5 
1.8 
2.3 

3.7 
1 .8  
1.8 
3.7 
4. f 
2.8 
2.3 
1.8 
1.2 
0.0 
3.2 
1.4 
2.8 
2.8 
4.4 
3.0 

0.4 

0.3 
0.1 
0. 1 
0.1 
0.1 

0. 2 
0. 6 
1.0 
2.8 
2.5 
2.4 
1. 6 
0.7 

0.3 
0 0  

0 
0 
0 
0 
0 

0 0  
0 

0.3 
1.2 
1.3 
2. 1 
0. 6 
0.3 

0 

3.1 
3.2 
2.0 
1.7 
1.3 
1.0 
0.7 
1.0 
1.0 
2.1 
3.1 
3.7 
4.2 
4. 1 
4. 1 
3.7 

2.2 
1.3 
1.3 
1.3 
0. 7 
0. 2 

0 
0. 2 
0. 0 
1.3 
2.5 
3.1 
4.2 
3.6 
2.0 
1.7 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

1.0 
1.0 
0.4 
0.4 
0.4 
0.4 
0.6 
0.3 
0.7 
0. 7 
0.0 
0.0 
1.2 
1.0 
0.8 
1.0 

- 

N _ _ _ _  _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  
N N E  _ _ _ _  _ _ _ _ _  _ _ _ _ _ _ _  
N E  _____. ~ _ _ _ _ _ _ _ _ _ _ _  
ENE.--. _ _ _ _ _ _ _ _ _ _ _ _  

1.6 
1.1 
1.1 
1.3 

0.2 

0.2 

0.2 
0.2 

0.2 
0.2 

0.4 0.4 

0 0  
0 

0 0  
0 0  
0 0  
0 0  
0 0  

0 
0 0  

0 
0 

0 
0 

0 0  

0.2 0 

Wind direction - I” - 
304- 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0.1 
0 
0 
0 

- 

- 

- 
5-0 

3.0 
2.8 
3.4 
3.3 
2 8  
1.8 
1.8 
1.6 
1.0 
3.0 
5.0 
3.3 
3.1 
2.0 
3.0 
3.0 

- 

- 

- 
1-4 

0.0 
0.0 
1.0 
0.4 
1. 1 
0.0 
1. 1 
0. 6 
0.8 
0. 9 
1.7 
1.3 
1. 6 
1.3 
1. 1 
1. 2 

- 

- 

- 
1.5 
2. 2 
1. 2 
1.8 
1. 6 
0.0 
1.2 
0.8 
1.3 
1.8 
2.8 
2. 8 
2. 5 
2.0 
2. 6 
1. 5 

- 

_. 

2.4 
1. 5 
1. 7 
1.0 
0. 6 
0. 6 
1. 1 
1.0 
1. 2 
D. 6 
1. 2 
2. 4 
2.7 
1.0 
3.0 
1.0 

0-14 15-10 20-28 304- __-- I l l  10-281 30+ 

--I- 
1. o 
0.6 
0.5 

0.4 
0.2 

0 
0 
0 
0 
0 
0 

0. 5 
0. 6 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

2.3 
1. 2 
0.5 

N _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ -  2.2 2.7 
N N E  _ _ _ _ _ _ _ _ _ _ _ _ _ - - -  1.6 2.2 
N E  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - -  0.5 2.2 
E N E  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ -  1.8 1.8 
E ___________________. 1.3 2.4 
ESE _ _ _ _ _ _  ~ _ _ _ _ _ _ _ _  _ _  1.4 2.5 
SE _____________.___. 2.4 2.0 
SSE _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~ 1.8 2.5 
S. ______._ ~ _ _ _ _ _ _ _ _ _  ~ 1.8 5.8 ssw---. _ _ _ _ _ _ _ _ _ _ _ -  0.9 3.1 sw ...-.....----..--. 2.0 2.5 
WSW _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  1.8 1.0 
W-* _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  2.2 4.0 
WNW _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  2.5 2.7 
N W  _ _ _ _ _ _ _ _ _ _  ~ _ _ _ _ _  - 3 . 1  3.6 
N N W  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  2.5 4.3 

0.0 0.2 
0.0 0.7 
0.4 0.4 
0.4 0 1. s -~ 

0. 6 
1. 6 
1.5 
0.5 
0. 6 

10.1 

0 0  
n l  o 

0 
0 
0 

~ 

SUMMER 

I l l  

SUMMER - 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

- 
2.7 
1. 6 
0.5 
3.3 
1. 6 
1.6 
1.0 
2.2 
0.8 
2.4 
4. 6 
7.0 
4.6 
3.8 
3.0 
3.0 

- 
1.1 
0. 6 
0.8 
3.3 
1.0 
3. 5 
1.1 
0.8 
1.1 
4.9 
6.1 
6. 2 
6. 1 
4.3 
2.2 
1.1 

- 
0 
0 

0.8 
0. 5 
1.6 
0.3 

0 
0 

0.5 
1. 1 
0.8 
1. 1 
1. 5 
0.8 
0.3 
0.3 
C a1 

- 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

- 

- 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

- 
3.0 
4.0 
2.0 
2.8 
1.3 
0.8 
1.8 
0. 8 
1.5 
3.3 
6. 0 
7.7 
5.8 
4.4 
3.4 
1. 6 

- 

- 
3.7 
3.3 
3. 7 
2.0 

I. 6 
3. 8 
I. 8 
1. 3 
2. 1 
5. 2 
1. 2 
5.7 
1. 5 
1. 2 
1.4 

I. a 

- 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0.3 

0 
0 
0 
0 

0: 1 

- 
0.3 
0. 5 
1.3 
2. 6 
2.6 
2. 6 
0.3 
1.8 
1.3 
4.1 
4. 1 
4.4 
3.0 
4.1 
2.3 
2.1 

I 

0 
0 

0.3 
1.3 

0 
0 
0 
0 

0.1 
0. 1 

0 
0.1 
0.1 

n 
0 
n 0 0 
0 
0 

0.3 
0 
0 
0 

0 
0 
0 

0. 5 
0.5 
0. 5 
0.2 
0.1 

0 
0. 1 

10.1 

0 
0. 5 
1.0 
1.8 

0 

0 
0 
0 
0 
0 

I 0.3 

0 
0 
0 
0 

0 
0 
0 
0 0 

Cal I 
AUTUMN AUTUMN 

. . .  I 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

I - 
W I N T E R  WINTER 

- 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

- 

- 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0. 1 
0 

0.3 
0 
0 
0 
0 

- 

- 
3.8 
2.1 
1. 1 
1.4 
1.4 
1.1 
1. 7 
1.4 
2.8 
3.5 
3.2 
4.4 
3.0 
4.0 
5.0 
4.0 

- 

- 
0.4 
0. 1 
0. 1 
0. 1 
0. 1 

0 
0.1 

0 
0.4 
0.4 
1. 3 
1. 8 
2. 3 
1. 2 
1.0 
1. 2 

mO 

- 
0 
n 

I I  1 - 
2.0 
1.6 
0.7 
0. 6 
0.6 
0. 1 

1.0 
1.0 
2. 1 
2.6 
4.0 
5.7 
4.9 
6. 0 
3.8 

0. a 

0 
0 
0 
0 
0 
0 
0 
0 

0.3 
0 

0. 2 
0. 2 
0. 2 
0.2 

0 
0 

1.8 0. 7 
1.2 0.2 
0.9 0.2 
0. 5 0 

0 

0. 5 0.4 
11.2 0.5 
1.6 0.6 
0. 5 1. 1. 
3.2 0.0 
2.5 0.7 
3. 0 0. 7 
4.3 1.6 
4.3 0. 6 
2.3 0 
Calm 0 

0. i 
0 
0 
0 
0 

0.1 
0. 1 
0.1 
1.1 
0.0 
0. 6 
0.1 

0 
0. 1 

I I 
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0-14 

0.8 
0.5 

0.8 
0.3 
1.9 
2.2 
1.9 
2.4 
1. 6 
1.4 
1.1 
0.3 
0.5 
0.5 
1.6 

TABLE 1Fi.--Average seasonal percentage frequency of free-air winds 
of different velocities at 600 and 1,000 meters, classified according 
to wind direction-continued 

GROUP 7 
SPRINQ 

15-1' 
__ 

0.5 
0.3 

0 0  
0 
0 

0.3 
0 

0.5 
0 

0.3 
0 
0 

0.3 
0 
0 
0 

T a B L E  15.-Average seasonal percentage frequency of free-air Winds 
of different velocities at 600 and 1,000 meters, classified according 
to wind direction-Continued 

GROUP 8 
SPRINQ 

I Velocity m. p. s., 500 m. I Velocity m. p. s., 1,m m. 

It29 

I Velocity m. p. s., 500 m. 

30f 

0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  

__  

Velocity m. p. s., 1,ooO m. 

(0-14 

2.3 
1.2 
0.5 
1.2 
2 8  
3.7 
3.3 
3.3 
2.1 
0.7 
0.7 
0.5 
0.2 
0.2 
0.5 
0.9 
Calm 

- 
' O f  

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0.1 
0 
0 
0 
0 
0 

- 

- 
- 

0' 
0 
0 
0 
0 
0 
0 
0 
0 

0. 2 
0 
0 
0 
0 
0 
0 

15-1( -- 
0 
0 

0.5 
0 
0 

0.2 
0.9 
0.5 
0.7 

0 
0 

0. 2 
0. 2 

0 
0 
0 

0 

Wind direction - 
11-4 15-9 

2.3 
1.4 
1.2 
1.6 
1.4 
0.9 
2.1 
2.1 
1.9 
1.2 
2.3 
1.4 
0. 9 
0.5 
2.8 
1.9 

Wind direction - 
11-4 

3.7 
2. 1 
1.6 
2.1 
6.5 
6. 1 
4.4 
4.0 
2.3 
2.8 
1.4 
1.6 
1. 6 
1.4 
2.6 
2.6 

-- _ I  1-4 -- 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

- 
KP0-21 

0.4 
0. 1 
0.1 

0 
0 

0. 1 
0 
0 

1. 7 
2.5 
0. 7 
0. 1 
0. 1 

0 
0 

0. 1 

- 

- 

0.9 
0. 8 
1.3 
0.9 
1.2 
0.9 
1.5 
0.8 
1. 2 
1.4 
0.6 
0.8 
1.4 
1.0 
1.2 
1.4 

- 
&2! 
- 
0.1 

0 
0 
0 
0 
0 
0 
0 

0.6 
1. 5 
0.9 
0.7 
0.5 
0. 1 

0 
0.2 

- 

0 0  
0 0  
0 0  
0 0  
0 0  

- 
1-4 
- 
1.4 
2.4 
1.6 
2.4 
2 4  
2.4 
1.6 
2.4 
1.1 
0.8 
1.1 
0.8 
0.9 
1. 1 
3.0 
1.9 

- 

- 

2. 0 
1.3 
2.0 
2.9 
3.9 
2. 0 
3. 6 
2.9 
2.6 
1.6 
3.6 
1.6 
3.4 
2. 0 
1.0 
2.3 

0.5 

0.5 

0.6 
0.2 
0.2 

4 . 2 1 . 1  
4.2 
2.4 
0.8 
0.5 
0.3 
0.2 

0.5 2.7 

- 
5-9 
- 
4.1 
0.8 
2. 2 
3.3 
6.8 
6. 2 
5.4 
2.7 
2.7 
2.2 
2.2 
1. 1 
3.5 
3.0 
3.5 
3.0 

- 

0 0 
0 0 0  

0 0 
0 0 0  

0.2 0 
0 0 
0 0.2 

0 
1.7 0.2 
0.8 0.3 
0.2 0 
0.2 0 
0.2 0.2 

0 0 

0.2 0.5 0 0 

- 
5-9 
- 
2.1 
1.3 
1.6 
0. 6 
1.4 
1.0 
1.2 
1.8 
3. 5 
5.9 
6.8 
2.9 
1.7 
1.6 
2. 1 
2.3 

- 

- 
1.5 
1.5 
2.7 
1. 1 
1.2 
1.6 
2.0 
3.0 
8.2 
9.8 
0.5 
2.4 
0.9 
1.7 
0.8 
0.9 

1. 6 
2.3 
2.0 
1.3 
2. 1 
1.3 
2. 1 
3.4 
7. 7 
7.1 
3. 4 
1.6 
1.0 
0. 6 
0.3 
1.1 

E-9 10-1415-11 
--- 

0.4 
0.5 
0.5 
0.2 

I 1  

0.9 
0.4 
0.6 
0.3 

0 
0.3 
0. 1 
1.3 
3. 1 
5.3 
5. 6 
1.9 
0. 6 
0. 0 

0 
0.3 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

~ 

1.7 
0.8 
1.7 
0. 0 
2. 1 
2.0 
1.8 
2.4 
3. 6 
2.9 
a. 2 
1.5 
1.1 
1. 5 
1.4 
1.8 

2.3 
1.0 
0.3 
2.9 
7.2 
7. 5 
4.6 
2.9 
2.0 
3.9 
4. 6 
4.6 
4.2 
1.6 
1. 0 

0 

0.3 
0.7 

0 
0.3 
1.6 
2. C 
1.6 

0 
0.3 
0.7 
0.3 
1.0 
1.0 

0 
0 

0.3 

1.i 
2. 9 
2.0 
1.9 

0 .3  
0.4 
0.6 
0. 3 

1.8 
3.1 
2.5 
1.8 
0. 4 
0.3 
2.1 
2.5 
5.8 
5.0 
2.8 
1.3 
1.7 
1.0 
1.8 
1.3 

1.4 
2.0 
1.5 
0.4 
0. 1 

0 
0.3 
2.0 
7.0 
5.1 
1.8 
1.3 
0. 7 
0.6 
0.8 
0.8 
Cal 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
o 
0 
0 
0 
0 

0.8 
0.6 
1. 1 
0. 0 
1. 7 
0.9 
0.9 
0.8 
1.2 
1.7 
1. 7 
n. o 
1.4 
0.0 
0. 5 
1.9 

4.6 
4.2 
4. 2 
8.0 
5. 3 
8.0 
4. 6 
2.3 
1.0 
0.4 
1.5 
1.9 
0.8 
2.3 
2 3  

0. 4 
0.4 
0.8 
1.1 
4. 6 
0.8 
0. 4 

0 
0.5 
0.4 

0 
0 

0.4 
0.4 
0.6 

0. 6 
0.8 

0 
0 

0 0  
0 0  
0 0  
n n  

1.1 
3.0 
3.1 
1.9 
0. 2 
0.3 
0. 9 
1.1 

- .  
0 0  
0 0  

0.5 
0.0 
0.6 

0 
0 
0 

0. 2 
0.3 

0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

n 

1.2 
1.2 
0.4 
0.6 

0.4 
0. 5 
0.7 
1.2 
0.9 
1.0 
1.4 
0.4 
0.4 
0.9 
0.6 

0. 5 

- 

2.5 1.0 
1. 6 0.9 
0.7 0.1 
0.1 0 
0.2 0.1 
0.2 0 
0. 1 0.2 
0.7 0 
1 . 0 0 . 4  
2.6 1.7 
7.0 5.4 
4.9 2.2 
2.0 0.7 
2.3 0.9 
3.6 1.2 
3.1 2.7 
Calm 0 

0.1 
0.5 

0 
0 
0 
0 
0 
0 
0 

0. 9 
2. 1 
0.8 
0. 6 

0 
0.2 
0.7 

1 
1-1- -I- 

0.9 
0.5 
0. 1 
0.4 
0.8 

n 0.1 
I 

SUMMER SUMMER 
- 

0 
0 
0 
0 
0 

0.3 
0 
0 
0 

0.3 
0 
0 
0 
0 
0 
0 

0 

- 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

- 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0.: I : 
- 

0 
C 
0 
0 
0 
0 
0 
0 
0 '  
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 

0.3 
0 
0 
0 
C 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

mO 

0 
0 

1. I 
0 

0.3 
0.1 I 0 

0.0 
0. 3 
0.7 
0. 6 
0.3 

0 
0.3 
CO 

0 
n 

mO 

AUTUMN AUTUMN 
- 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

- 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

' 0  
0 
0 
0 
0 

- 
- 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

- 

- 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

n 

- 
2.0 
2.2 
3.3 
0.9 
0.0 
0.9 

2.0 
4.0 
7.9 
3. 0 
3.1 
2. 0 
1.2 
1.2 
1.4 

n. 8 

- 

I 

1. 9 
1.5 
0.7 
0. 7 
0.1 
0.4 
0. I 
0.0 
1.7 
2.3 

4.3 
3.0 
3.3 
4.4  

f: ; 

- 
2.0 
1.9 
1. 9 
0.2 

0 
0 

0.2 
0. 6 
3.9 
6.2 
4.2 
2. 0 
1.1 
0.0 
1.2 
1.7 

- 
3.3 
2.0 
3.3 
6.6 
5. 6 
6.0 
5.3 
1.7 
1. 0 
0.3 
1.3 
2. 0 
1.0 
1.0 
1.3 
1.7 

- 
1. 3 
1.7 
2.3 
5.6 
6. 3 
2.6 
2. a 
0. a 
0. 7 

0 
0.3 
n. 7 

0 
0 

1. a 
0.3 

- 
0 
0 
0 

1. 0 
0. 3 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
n 

lm 

- 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

- 
1.5 
1. 1 
1.5 
3. 1 
5.0 
2. 7 
2.3 
2. 7 
1.1 
0.4 
3.1 
0.4 
1. 0 
2.7 
2.3 
1. 1 

- 
0 
0 
0 

0.8 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0. 4 
0 

0.3 

- 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

- 
1.0 
0.8 
0.6 
0.4 
0 
0 

0.4 
1.8 
3. 4 
2. 6 
0. 3 
0. 1 

0 
0.7 
1.0 

10.4 

n 

- 
0.3 
0.3 

0 
0 
0 
0 
0 
0 

0.7 
1. 8 
2.0 
n. 1 

0 
0 
0 
0 

I 

WINTER WINTER 
- 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

- 

- 
2.8 
3.0 
1.6 
2.8 
6.3 
2.5 
4.7 
2.8 
2.5 
3.4 
2. 2 
2.2 
1.3 
1.9 
3.0 
4. 1 

- 

- 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

- 

- 
0.4 
0. 0 

0 
0 
0 
0 
0 
0 

0.3 
2.0 
1.3 
0. 2 
0.3 

0 
0. 1 
0. 7 

- 

- 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

3.3 
0 

3.7 
0 
0 

I 

0 
0 
0 

0.3 
0 
0 
0 
0 
0 

0.3 
0 
0 
0 

0.3 
0 
0 

0.9 
0.9 
0. 1 
0.1 

0.7 
0. i 

0 
0.7 
2. 1 
0. 7 

0.7 
n 
0 

1.0 
0.3 0 

0. 1 
0.1 
0. 1 
0.4 
1.2 
2. 1 
0.8 
0.4 
0.1 
0.7 
1.2 

m o  

J!, _ _ _ _ _ _ _ _ _ _ _ _ _ - _ - _ - _ _  1.e 
ESE _ _ _ _ _ _ _ _ _ _ _ _  ~ _ _ _ _  1.2 
SE _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  I 1.2 

0 
0 

0.7 
0.3 

0 
1.0 

0 1.0 
0. 3 
1.4 
1.4 
0.3 
mO 
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TABLE 16.-hfmimum jree-air wind velocities, m. p .  s. at various 
levels 

QROUP 1 

!2 

a 
.- * 
E 

TABLE 15.-Average seasonal percentage frequency o j  free-air winds 
o j  different velocities at 600 and 1,000 meters, classi$ed according 
to wind direction-Continued 

0-29 

0.1 
0.1 

0.1 
0.5 
0. 6 
0.1 
0.1 
0.1 

0.3 

GROUP 9 

30$ 

0 
0 

0 0  
0 0  
0 0  
0 0  
0 0  

0 
0 
0 
0 
0 
0 

0 0  
0 0  

0 

-- 

Altitude, meters 

0-14 

I. 1 
1.2 
0.2 

0.3 
0.4 
1.0 
2.2 
3.4 
2.4 
1.0 
1.2 
1.2 
0.0 
1.9 
2.0 
Calm 

15-11 
-- 

0.4 
0.1 

0 
0 0  

0 
0 

0.2 
0.6 
1.7 
1.2 
0.8 
0.2 

0 
0.3 
0.2 
0.9 
0.1 

sw. 
ssw. 
ssw. 
w. 

28 
24 
33 
33 

sw. 
wsw. 
ssw. 
nnw. 

33 
29 
28 
31 

ssw. 
wnw. 
nw. 
nnw. 

32 
27 
33 
38 

nw. 
wnw. 
wnw. 
w. 

31 
26 
37 
41 

wnw. 
nw. 
nw. 
wnw. 

33 
29 
38 
47 

Spring _ _ _ _  _ _ _ _ _  wsw. 18 
Summer _ _ _ _ _ _ _  n. 12 
Autumn _ _ _ _ _ _  ~ s. 11 
Winter _ _ _ _ _ _  -1 w. 15 

___ 
ssw. 27 ssw. 
nne. 20 sw. 
ssw. 23 wnw. 
w. 30 I w. 

__ 

0.2 0 
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  

0.2 0 
0.5 0 

0 0.2 
0 0  
0 0  
0 0  
0 0  
0 0  

0 
0 
0 
0 
0 
3 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0.3 

0.1 
0.7 
2.1 

0.5 

0.3 
0.5 

0 0 
0 0 0  
0 0 0  
0 0 0  

0 . 1 0 . 1  0 
0 0 0  

0. 1 0 
0 0 
0 0 

2 . 2 0 . 5  0 
1 . 6 0 . 1  0 

0 0 
0 0 0  
0 0 0  

0 0 
0 0 

1.5 
1.5 
1.4 
2.1 
2.9 
4.4 
5 . G  
5.7 
9. G 
4.7 
4.1 
2.4 
2.0 
1. 2 
1.2 
1.1 

0.3 
0.5 
0.9 
1.2 
1.5 
2.6 
3.2 
7.2 
G. 6 
7.4 
5.7 
1.5 
0.5 
0.3 
1.1 
0.3 

0.7 
0.4 
0.5 
0.2 

0. I 
0.1 
0.5 
0.7 
1.1 

0.2 
0.3 
0.5 
0.6 
0.1 

0 
0 
0 
0 

0 0  
0 
0 

0 1 
0.1 

0 
0 0  
0 0  

0.1 
0.2 
0.1 

0 

N __.____ _ _ _  _ _ _ _ _ _ _ _ _  
N N E  _._____ ~ _ _ _ _ _ _ _ _  
N E  _._____-__________ 
ENE _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _  

1.5 
1.9 
2.3 
2.3 

0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
n o  

0.1 
0.5 
0.1 

0. 1 
0.2 
0.1 

~. 
0 0  
0 0  
0 0  

0 
0 
0 

0 0  
0 
0 
0 

0 0  

0. 7 

0.1 
0.7 
0.3 
0.2 

0 0  
0 0  

0 
0 0  
0 0  

0 
0 
0 
0 

SPRING 

1 Velocity m. p. s., 500 m. 
500 4,000 6.000 

Velocity m. p. s., 1,000 m. I- - 
h 

4 2  .* 
c 0 

6 
- 

27 
19 
23 
27 
- 

- 
O+ 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

- 

- 

.$ /I 
a 

Wind direction - 
114 

- 
i-4 
- 
1.3 
2.1 
1.4 
1.8 
1.9 
2. 1 
2.4 
2.5 
3.4 
1.2 
1.2 
1.5 
1.1 
1.1 
1.0 
1.2 

- 

- 
5-9 

2.3 
0.9 
2.1 
1.1 
0.8 
1.8 
5.0 
6.1 
0.7 
4.7 
3.1 
1.3 
1.9 
1. 6 
1.9 
3.0 

- 

- 

- 
%2( 
- 

0 
0.1 

0 
0 
0 
0 
0 

0.1 
0.4 
0.4 
0. 1 
0.1 

0 
0 

0.1 
0 

- 

-I- -I- -I- --I- -I- 
Spring - _ _ _ _ _ _ _ _  nw. 
Summer _._____ nw. 
Autumn ... ~ SSW. 
Winter _ _ _ _ _ _ _ _  I nw. 

GROUP 2 

Calm 0.2 

SUMMER 
- 
0.2 
0.2 

0 
0.1 

0 
0.2 
0.2 
0 9  
1.8 
1.5 
1.2 

0 
0.1 

0 
0 

0.1 
C&ll 

- 
0.3 
0.9 
1.2 
1.4 
2.2 
2.5 
4.5 
0.4 
7.9 
6.8 
3.9 
2.6 
0.5 
0.7 
0.4 
0.4 

__ 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

GROUP 4 
-- 

GROUP 5 

I 

Spring - _ _ _ _ _ _ _ _  se. 20 nw. 32 ssw. 40 sw. 36 wnw. 4E 
Summer _ _ _ _ _ _ _  n. I7 sw. 25 sw. 26 nne. 36 se. 25 
Autumn _ _ _ _ _ _  1 1 1 .  i 19 1 nw. 124 1 nne. 1 2 9  1 w. I31 1 W. I GQ 
Wintor _ _ _ _ _ _ _ _  nw. 17 wsw. 20 wsw. 35 nw. 42 wnw. 44 

GROUP-G 

AUTUMN - 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

- 

- 
0 
0 
0 
0 
0 
0 
0 

0 
Q 
0 
0 
0 
0 
0 
0 

n 

- 
1.3 
2.0 
2.7 
2. 1 
2.4 
2.4 
1.5 
8. 5 
3.4 
1.4 
1. a 
1.3 
1.6 
0. I 
1.7 
1.4 

- 

- 
1. Q 
1.9 
1.1 
1.4 
0.6 

0.8 
2 1  

1.0 
1.7 
1. 1 
1.8 
0.7 
1.5 
1.3 

n. G 

0 3  

- 

- 
2.9 
3.9 
3.5 
2.5 
1.8 
1.4 
2.1 
0.0 
6.4 
4.9 
1.1 
1.3 
1.7 
0.8 
2.0 
1.8 

- 
2.0 
1.0 
1.0 
0.3 

0 
0.1 

2.4 
3.8 
4.3 
1.0 
0. G 
0. G 
0.4 
0.1 
1.1 
Ce 

0. a 

- 
0.4 
0.4 
0.1 
0. 1 
0.1 

0 
0 

0.1 
1.1 
0.6 
0.3 
0.3 
0.3 
0.4 
1.1 
0.8 
0 0  

- 
0 

0.1 
0 
0 
0 
0 
0 
0 
0 

0.1 
0 
0 

0.3 
0 

0.3 
0.1 

I 

- 
3.1 
3.2 
3.7 
2.7 
1.0 
3.0 
4.2 
6.3 
6.0 
4.1 
1.4 
0.6 
0.8 
0.9 
0.7 
2.2 

- 
1.1 
2.1 
1.2 

0.4 
0.2 
1.7 
3.2 
3.7 
2.2 

0.1 
0.2 
0.5 
0.7 
0. 5 
Cal 

0. a 

0. a 
GROUP 7 

WINTER 

I , ,  
- 
4.6 
1.9 
1.8 
0.6 
0.7 
0.6 
1.3 
1.8 
3.8 
5.8 
5.1 
3.2 
2.2 
2.7 
3.0 
3.4 

- 

I 

0 0  
n o  I QROUP 8 1.1 4.3 

2.1 3.1 
1.6 2.4 
2.0 1.2 
1.1 1.5 
1.2 1.2 
1.5 1.5 
1.8 2.9 
2.0 6.4 
2.0 4.2 
1.3 3.1 
1.5 2.4 
1.5 2.0 
1. I 2.1 
1.3 3.1 
1.7 3.9 

_I_____ __ _____- -_____- 
Spring _ _ _ _ _ _ _ _ _  nnw. 20 nnw. 38 sw-. 30 wnw. 34 w. 48 nw. 01 
Summer. _ _ _ _ _ _  1 s. 1 14 I nw. 123 1 SSK. 131 1 ssw. 1 ;; I ;w. 1 C22 1 ;w. 1 i; 
Autumn _ _ _ _ _ _ _  Sw. 18 ssw. 26 nnw. 23 n. 
Winter _ _ _ _ _ _ _ _  s. 19 ssw. 20 sw. 28 ssw. 33 nw. 40 w. 40 

GROUP 9 

I , I  I 1  I t  r ___I__- 

I I  I )  
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6 .  Free-air resultant &&.-The importance of a 
knowledge of resultant winds in arranging flight sched- 
ules has been shown by previous studies. It has been 
found, for example ( I I ) ,  that the resultant wind a t  flying 
levels between New York and Chicago as determined 
from kite and balloon data, is 7.4 miles per hour from the 
west, and the records of air mail flights for two years 
showed that flights eastward were on the average made 
a t  a speed of 14.4 m. p. h. faster than flights westward, 
i. e., the wind factor or resultant wind was 7.2 m. p. h., 
a striking agreement with the computed value. 

Resultant winds for Groups 1 to 9 have therefore been 
computed and are gken in Table 17. The values a t  
8 and 10 kilometers are based upon too small a number 
of observations to be considered quantitatively correct, 
but those from the surface to 6 kilometers are believed to 
represent very closely the actual conditions. Because of 
their interest in connection with flight schedules, the 
values a t  the surface and a t  500 and 1,000 meters above 
it are shown graphically in Figure 13, the number by each 
arrow giving the resultant speed for that group. It is 
interesting to note that the resultant wind for the year 
a t  500 meters between New York and Chicago, taking 
the average of the values in Groups 2, 3, and 4, is 3.4 
m. p. s. or 7.6 m. p. h., agak in striking agreement with 
the results of the air mail study. 

The more pronounced features shown in Table 17 and 
Figure 13 may be summarized as follows: 

(1) The resultant direction has a west component at  
all 1evels.k the Northern States. In the extreme South, 
Groups 7 and 9, an east component is found from the 
surface to nearly a kilometer above it during most of the 
year and a t  all heights during summer. 

(2) The resultant speed a t  and near the surface is small 
because there is a fairly equal distribution of all directions, 
but the speed noticeably increases with height as the 
individual directions become more and more grouped 
around west. 

(3) There is a pronounced variation in these speeds 
also with season and with latitude, especially in the higher 
levels. 

Apart from their practical value in connection with 
flight schedules, resultant winds are of special lnterest m 
studies of the larger, general movements of the atmos- 
phere. In fact, if accurately determined from a sufficient 
amount of data, they indicate exactly the nature of the 
planetary circulation in the regions which they represent. 
For this purpose it is essential that the data be given for 
certain heights above sea level instead of above the sur- 
face. Their reduction to sea level has accordingly been 
made, and the results are presented in Table 18. The 
values at the surface are of course the same as in Table 
17; those a t  500 meters differ considerably, 
for those Groups in which the surface is cose to 500 
meters above sea level; in the upper levels there is no large 
difference in the values given in the two tables. 

If resultant winds are true indices of the eneral char- 

agreement with the pressure gradients for corresponding 
levels. In  Figure 14 resultant winds and mean pressures 
are given for summer, winter and the year a t  the 500, 
1,000,2,000, and 4,000 meter levels. The pressure curves 
are taken from Part 1 of this “survey” ( I )  and are based 
upon observations with kites. Considering that the 
latter were obtained at only eight stations and that the 
isobars must necessarily therefore be drawn as sweeping 
curves, it is evident that in general the resultant direc- 
tions and pressure gradients conform closely. So far as 

Particularly 

acter of planetary circulation, they shoul f show good 

the velocities are concerned, the following tabulation 
gives values, as computed from t4he equation for straight 
isobars (12). 

I Altitude m. I Summer 1 Winter I Annual I 

These have been computed from the average distances 
between the outermost isobars that extend from the 
Atlantic to the Rocky Mountains, e. g. 898 to 904 at  the 
1,000-meter level in winter, and so on. Comparing the 
values above with those entered on Fi ure 14, we find sub- 

the computed values are somewhat higher than are those 
from the balloon observations, particularly in winter. 
This is probably owing to the fact that, durin observa- 
tions in high winds, the balloons are frequent 5 y carried 
out of sight before they reach great altitudes. I n  com- 
puting average velocities, this weakness of the pilot- 
balloon system of observation is eliminated to some 
extent by employing the differential method, but this 
can not be used in determining the resultant velocities. 

Summarizing the data presented in Tables 17 and 18 
and in Figures 13 and 14 we find, in addition to the points 
already discussed, that, for the country as a whole, there 
is a south component in the resultant winds at  and near 
the surface, with strongest development in the summer 
half of the year and in the region between the Rocky 
Mountains and the Mississippi River. It is least pro- 
nounced in the North Atlantic Coast States, where in 
fact there is a slight north component except in summer 
and a rapid shift from south component to north imme- 
diately above the surface in that season. 

At heights above 2 kilometers a north component pre- 
vails generally, except over the Florida Peninsula. This 
indicates a southward trend of the isotherms in the upper 
levels, particularly in the northern part of the country, 
and such a trend is shown by observations with kites (1). 

It has previously been stated that an east component 
is found during the summe: at  all levels in southern 
Texas and the Florida penmsula. As is well known, 
this region lies in the so-called “horse latitude’’ belt 
throughout the year, the maximum pressure being on the 
average slightly n?rth of it ( I S ) .  An east component 
therefore prevails in all seasons at  and near the surface, 
but during winter there is a displacement of this high- 
pressure belt southward in the upper levels, with result- 
ing shift to west component in the winds. In summer, 
on the other hand, there is evidently no such displace- 
ment, since the winds continue easterly up to the greatesit 
heights yet reached; these data confirm the conclusions 
from theory reached by Shaw and others (13). The 
explanation is of course to be found in the difference in 
temperature distribution during the two seasons. In 
winter the nordnal latitudinal gradient is augmented by 
the sharp contrast. between continental and marine con- 
ditions, i. e., the mterior of the United States and the 
water areas southward. The result is a strong tem- 
perature and therefore pressure gradient northward, 
commencing-somewhere in the vicmity of the Gulf of 
Mexico and mcreasing in intensity as higher latitudes are 
reached. The belt of high pressure doubtless shifts 
gradually southward with height from about latitude 
30° a t  the surface to loo to 20° a t  10 to 15 kilometers. 

stantial agreement, except at the 4-lri s ometer level where 
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Surface 500 rn. 1000 rn. 
FIO. 13,--tloesond m d  annual resultant winds, m. p. s., at the surface and at WO and 1,OOO meters above the surface in eastern and central United States 



56 SUPPLEMENT NO. 26 

In summer, on the other hand, the normal latitudinal 
temperature gradient, small in all regions during that 
season, ii here practically neutralized by the 
heating over the United States than over the 
Mexico. With essentially no temperature gradient with 

latitude in this region and with surface pressure some- 
what higher here than either north or south, it is not 
surprising to find little shifting of the high pressure belt 
with increasing altitude. 

~ - .  

FIQ. l4.-8ummer, winter, and annual barometric prassuroa, mb.; and resultant winds, m.  P. 8., computed therefrom at selected heights above sea level 



AN AEROLOGICAL SURVEY OF THE UNITED STATES 

Direction -- 

TABLE 17.-Average free-air resultant winds, m. p. s., in diflerent parts of the United Stales 

[Figurd in  direction columns represent degrees1 
QROUP 1 

VelOCitY 

Spring 

Altitude, meters \ 

S. 5 E. 
S. 30 W. s. 01 w. 
N. 75 W. 
N.05 W. 
N. 57 W. 
N. 58 W. 
N. 04 W. 
N.70 W. 
N.55 W. 

0.9 
2.1 
2.7 
4.3 
0.2 
0.9 
7.3 
9.2 
9.7 
0.7 

2.5 
5.0 
7.4 

11.1 
11.9 
13.5 
13.7 
14.0 
13.4 
12.5 

I 

N.89 W. 
S. 88 W. 
N.84 W. 
N.75 W. 
N. 72 W. 
N. OB W. 
N. 07 W. 
N. 05 W. 
N. 02 W. 
N. 01 W. 

QROUP 2 
~ 

1.1 
4.0 
0.0 

10.2 
13.2 
14.8 
17.8 
18.7 
22.1 
20.0 

1.2 
3.4 
4. 5 
0.5 
8.0 
8.3 
8.9 
9.2 

10.2 
8.8 

6. 50 W. s. 75 w. s. 89 w. 
N.80 W. 
N. 72 W. 
N.OQ W. 
N. 04 W. 
N. 04 W. 
N. 00 W. 
N. I W. 

S. 03 W. 
s. 82 w. 
N.80 W. 
N.74 W. 
N. 07 W. 
N.07 W. 
N.63 W. 
N. 64 W. 
N 04 W. 
N:37 w. 

Autumn 

0.8 
2.0 
3.4 
5.1 

tc 
7.3 
0.0 
5.5 
4.3 

Dircction 

s. 80 w. 
S. 70 W. 
S. 87 W. 
N.80 W. 
N.80 W. 
N.73 W. 
N. 70 W. 
N.00 W. 
N.52 W. 
N.40 W. 

1.0 
1.8 
3.9 
8.3 

10.9 
12.9 
14.1 
14.8 
10.7 
15.1 

Vclocity 

1.3 
3.0 
4.4 
7.3 
9.7 

11.5 
11.7 
12.4 
15.7 
19, 2 

N. 00 W. 
9. 70 W. 
N. 89 W. 
N.78 W. 
N. 77 W. 
N.  74 W. 
N. 71 W. 
N.73 W. 
N.09 W. 
N.01 W. 

1.3 
4.4 
0.1 
8.2 
Q, 4 

10.3' 
11.0 
10.8 
12.8 
11.8 

8. 7 w. 
9. 00 w. 
9. 75 w. 
6. 88 w. 
N.88 W. 
N.58 W. 
N.00 W. 
N.21 W. 
N.34 W. 

8. 58 W. 
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0.4 
1.2 
1.0 
1.0 
2.2 
2.0 
1.9 
2.0 
2.7 
4.0 

___ __ 
Winter I Annual 

Direction 
____ 

Velocity Direction Velocity 
--- -I I 

0.9 
2.0 
4.0 
0.0 
8.8 

10.2 
10.8 
11.0 
11.4 
13.0 

1. 1 
3.7 
5. 1 
7.5 
9.1 

10.1 
11.4 
11.5 
12.0 
11.0 

I 

QROUP 6 

0.9 N. 8 W. 
1.9 N .39W.  
3.2 N.03 W. 
3.8 N. 00 W. 
4.2 N.73 W. 
4.3 N.74 W. 
5.2 N.72 W. 
5.0 N.75 W. 
0.9 N.55 W. 

11.2 N.48 W. 

N:07 W. 1.4 
N .78W.  3.9 
N.81 W. 0.8 
N. 78 W. 11.1 
N.79 W. 13.7 
N.74 W. 15.0 
N. 75 W. 10.5 
N.74W. 17.4 
N. 57 W. 13.0 
N.30W. 8.0 

N.08 W. 0.5 
N.82 W. 2.3 
N.85 W. 4.0 
N.75 W. 0.0 
N.75 W. 8.0 
N.72 W. 9.1 
N.71 W. 9.1 
N. 72 W. 9.4 
N.64 W. 8.5 
N.63 W. 8.2 

0.3 
0.7 
1.8 
4.2 
5.7 
7.4 
7.0 
8.2 
9. 1 
9.1 
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Direction 

8. 30 E. 
S. 36 E. 
6. 65 E. 
5. 64 E. 
9. 70 E. 
S. 44 E. 
N. 87 E. 
S. 72 E. 
N.82 E. 
N. 58 E. 

~- 
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TABLE l7.-Average free-air resultant winds, m. p .  s., i n  different parts of the United States-Continued 

Veloclty 

1.8 
2.1 
1.5 
1.6 
1.7 
1.6 
1.8 
2.4 
2.5 
8.3 

t 
[Figures in direction columns represent degrees] 

QROUP 7 

1.8 
3.9 
4.4 
5.8 
7.3 
8.9 

10.1 
11.0 
8.5 

12.5 

Altitude, meters 

S. 13 E. 
8. 21 w. 
6. 29 W. 
9. 45 w. 
N.79 W. 
N.49W. 
N.43 W. 
N.38 W. 
N.43 W. 
N. 52 W. 

Direction Velocity 1-1- 

9. 79 E. 
8. 28 E. 
5. 8 w. 
N.84 W. 
N.77 W. 
N.78 W. 
N.86 W. 
N.73 W. 
N.57 W. 
N.31.W. 

1.8 
2.3 
1.2 
0.9 
1.6 
2.9 
4.2 
6.8 

13.7 
15.0 

1.1 
1.9 
1.1 
2.0 
3.6 
4.8 
6.8 
7.1 
6.4 
8.6 

Summer 

8. 24 E. 
S. 1 E. 
S. 
5. 5 E. s. 10 w. 
S. 05 W. 
N. 1 W. 
N.10 W. 
N.23 E. 
N.85 E. 

1.6 
3. 1 
2.9 
1.8 
0.9 
0.6 
0.3 
0.5 
1.3 
2.6 

QROUP 8 

I I I I 

2.0 
4.3 
3.9 
2.6 
1.8 
1.9 
2.9 
3.2 
5.5 
5.6 

QROUP 9 

I I 

1.5 
2.6 
2.3 
5.0 
6.3 
8.0 
9.2 

10.7 
13.4 
13. 0 

Autumn 

Direction 1 Velocity 

Winter 

Direction Velocity I 

I 

Annual 

Directfon Velocity 
~- 
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TABLM 18.-Average free-air resultant winds, m. p .  s., at selected altitudes above sea level in  different parts of the United States 

[Figures in direction columns represent degrees] 

QROUP 1 

8. 68 W. 
S . 7 2 W .  
8 . 6 2 W .  
8. 71 W. 
S . 6 6 W .  

2.3 S. 72 W. 4.0 W 6.0 N.66 W. 8.2 N. 68 W. Q. 1 
1 . 7 S . 8 8 W .  3 . 0 N . 7 7 W .  4 . 7 N . 6 7 W .  6 . 6 N . 6 4 W .  e. 8 
2.8 8 . 7 Q W .  6.2 N.87W. 7.7 N .7QW.  10.1 N.68W. 10.9 
2 8  W. 6.6 N .78W.  8.3 N.6QW. 14.4 N.64W. 18.6 
2 4  S . 8 2 W .  4.4 N.83W. 6.8 N.70W. Q.6 N.64W. 11.3 

Spring ________-- -  ..................... - - -______ 
Summer _ _ _ _ _ _ _ _  ------------------ - - - - - - -______ 
Autumn _______- -  ------------ - - - - - - - - -_-_______ 
Winter _ _ _ _ _ _ _  . ........................... _ _ _ _ _ _  
Annual _________-- -  - ----_-_____________________ 

Q. 7 8. 67 W. 1.2 S. 60 W. 2 6  8. 70 W. 3.6 N. 88 W. 6.2 N.66 W. 8.3 N.67 W. 
6.6 8. 74 W. 0.8 8. 82 W. 1.6 N. 88 W. 2.6 N. 76 W. 3.7 N. 64 W. 6.4 N.  70 W. 

6. 48 W. 1.6 8. 69 W. 2.6 8. 76 W. 4.1 8. 88 W. 6.1 N.82 W. 8.0 N.78 W. 10.6 
8. 66 W. 1.6 8. 66 W. 3.2 S. 86 W. 6.3 N. 80 W. Q.'4 N. 73 W. 1 2 6  N. 88 W. 13.3 
8 . 6 6 W .  1:2 S . 6 6 W .  2.4 8.8OW. 41 N.84W. 6.0 N.72W. 8.8 N.88W. 9.8 

Spring . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8 . 8 Q W .  1.3 N.84W. 3.1 N.76W. 4.8 N.6QW. 6.6 
Summer _______________________________________  S.6OW. 0.7 N.82W. 1.8 N .74W.  2.7 N.66W. 4 2  

Winter _________________-- - -  -------- - _ _ _ _ _ _ _ _ _ _ _  N. 66 W. 2 7  N. 67 W. 6.4 N. 66 W. 7.8 N. 72 W. 11.6 
Annual ________________________________________ N.81W. 1.4 N.73W. 3.4 N.70W. 6.1 N.68W. 7.1 

Autumn ___________-__-- - - -  ----------- - - -______ N.88 W. 1.0 N.66 W. 3.6 N.66 W. 6.2 N.68 W. 7.0 

N.63W. 8.6 N.67W. 8.3 
N.61W. 6.3 N.66W. 6.0 
N.68 W. 8.0 N.64 W. 8.6 
N. 70 W. 14.7 N. 68 W. lQ.8 
N.67W. 9.4 N.64W. 10.6 

S.8OW. 
S . 6 6 W .  
N 3 6 W .  
N.77W. 
N.82W. 

2 . 0 6 . 8 7 W .  3 . 6 N . 8 1 W .  6 . O N . 7 2 W .  7 . 7 N . 6 6 W .  7.4 

1 . 8 N . 6 l W .  2 . 8 N . 6 6 W .  6 . 3 N . 7 4 W .  7 . 6 N . 7 6 W .  7.8 

2 1 N . 8 6 W .  3 . Q N . 7 6 W .  6 . 6 N . 7 4 W .  8 . 8 N . 7 2 W .  8.4 

1.8 8 . 7 6 W .  3.1 N.72W. 3.8 N.68W. 4.3 N.71W. 6.0 

3.6 N .81W.  6.6 N.78W. 10.Q N.74W.  16.6 N.74W. 17.4 

Spring ____- -  .................... - - - - -__________ N.88 W. 0.3 S. 47 W. 0.8 S. 68 W. 1.6 N. 78 W. 4.0 N. 71 W. 
Summer ___--  ------------------ - - - - - _ _ _ _ _ _ _ _ _ _ _  8. 7 W. 0.4 8. 48 W. 1.0 8. 64 W. 1.6 S. 74 W. 1.6 N. 88 W. 

0.6 N. 61 E. 0.8 N.12W. 0.6 N.6GW. 2.4 N .6QW.  Autumn ...-----.------------------------------ N.37 E. 
Winter _______---  ----------------- - - -___________  N.74 W. 1.0 N.82 W. 1.6 N.80 W. 3.6 N.76 W. 7.8 N.76 W. 
Annual _______- -  ----------------- - - - - -_________ N. 68 W. 0.3 9. 78 W. 0.6 W. 1.6 N.78W. 3.9 N.74W. 

8.8 N. 71 W. 10.7 
2.0 2.0 N. 60 W. 

4.7 N .74W.  6.8 
12.7 N.80 W. 14.7 
7.3 N.74W. 8.2 

2.3 S. 63 E. 1.2 ~ . 4 e w .  Spring._--- .-------- .---------------------------  8. 88 E. 1.8 S. 63 E. Summer ___._____________---------------------- S. 36 E. 1.8 8. 36 E. 2.1 6. 66 E. 1.6 5. 64 E. 
Autumn- - ___-__ ___-  --- ---- -- - ~ - --- - --------- _ _  N. 63 E. 2.4 N. 76 E. 3.6 N.74 E. 2 6  N.72 E. 
Winter _____________- - - -  . . . . . . . . . . . . . . . . . . . . . . . .  N. 42 E. 1.2 8 . 6 7 E .  0.6 S . 6 1 W .  1.2 N .80W.  
Annual __________________-_ - - - - - -  -- - - - - - - - -____ N. 85 E. 1.6 9. 74 E. 1.Q S. 71 E. 1.0 N.71W. 

O.Q N . ~ Z W .  Z Q  N.CMW. & 8  
2.4 1.6 9. 72 E. 1.6 8. 44 E. 
2 6  1.0 9. 73 W. 1.3 N. 61 W. 
Q. 0 3.3 S .74W.  6.8 S . 7 3 W .  

0.6 8 . 7 8 W .  2.2 N.82W. 3.8 

Spring. _ _ _ _ _ _  _ _ _  _ _ _  _ _ _  _ _ _  _ _  - __ -  --- --- ------ 8. 1.8 8 . 1 6 W .  3.3 S . 3 7 W .  4.3 S . 7 1 W .  6.6 N.'78W. 8.7 N.76W. 
Summer _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ----------- 8. 13 E. 2 . O S . l l W .  3 . 6 S . U W .  4 . 0 S . 4 3 W .  2 8 N . 6 3 W .  1 . 9 N . 3 9 W .  
Autumn _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ----------- 6. 8 E. 1.2 S . 1 6 W .  2.7 S . 4 2 W .  3.6 S . 8 1 W .  3.0 N .80W.  6.4 N.67W. 
Wiinter ______________-_____- - - -  ----------------- 8. 74 W. 1.0 s. 76 w. 2 6  8. 83 w. 4.4 N.82 W. 7.6 N. 73 W. 11.8 N.67 w. 
A M m l  . . . . . . . . . . . . . . . . . . . . . .  ------------------ 8. 4 W. 1.3 8. 26 W. 2.8 S. 48 W. 3.8 6. 80 W. 4.7 N. 76 W. 7.2 Ne67 w. 

1 0 9  
3:2 ' 
7.4 

12.9 
8.6 

Spring ________________________________________-  
Summer __.____.________.___________________ --- 
Autumn _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Winter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Annual _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

9. 34 E. 1.6 8. 16 E. 2.4 S . 1 3 W .  2.4 S . 7 6 W .  6.3 N.82W. 8.4 N.77W. 10.6 0.6 
8. 24 E. 1.6 S. 6 E. 2.8 8. 2.Q S. 4 E. 1.Q 8. 60 W. 0.6 N. 9 W. 

7.1 8. 70 E. 1.1 8. 38 E. 1.7 8. 1 W .  1.a 8. 87W. 1.0 N.78W. 4.7 N .74W.  
- - - - - N . 8 7 W .  0.6 s . 6 7 ~ .  1.1 s . 8 2 W .  2.7 ~ . 8 2 W .  6.1 N.7QW. 10.0 N.66W. 10.0 

8. 38 E. 0.0 8. 8 E. 1.7 S . 2 6 W .  1.Q S.7OW. 3.3 N.81W. 6.8 N.71W. 7.0 

Altitude above m. 8. I., meters 

I Surfwe 

I Direction I Velocity 

8. 81W. 0.6 9. 67W. 1.6 W. 4 2  N.74 W. 8.3 N. 67 W. 10.7 
S. 2 W .  1.1 S . 3 6 W .  2 2  S . 8 7 W .  3.7 N.6OW. 6.6 N.62W. 8.4 
6 . 7 Q W .  1.6 8 . 7 8 W .  3.3 N.86W. 6.1 N.76W. 10.8 N .64W 12.1 
N. 62 W 3 . 2 N . 6 2 W .  6 . 2 N . 6 4 W .  Q . G N . 6 4 W .  l Z Q N . 6 7 W .  13.Q 
W. 1 . 2 8 . 8 Q W  2 . 8 N . 7 Q W .  6 . 8 N . 6 Q W .  Q . 8 N . 6 6 W .  11.3 

QROUP 2 

QROUP 3 

QROUP 6 

4303-26t-5 
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