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Wind-Speed Extremes in the Northern
Hemisphere, 30 Through 60 km

1. INTRODUCTION

Strong winds have been a potential meteorological problem for many decades.

Not only do they affect aircraft, both in flight and on the ground, but in recent

years, they have become important in missile and other aerospace vehicle design

and operations. Extreme winds, for example, can be a significant factor during

staging, that is, separation of a booster from its main vehicle on ascent, because

flight control of aerodynamic vehicles may be lost temporarily during this

maneuver. I In fact, specific extreme winds will be critical not only for design,

but, in the operation of most aerospace systems, at some point during their life-

times. These critical values will change depending upon the particular design of

an individual vehicle or system1.

Estimated 90-, 95-, and 99-percentile monthly wind-speeds (values that will

be equalled or exceeded 10, 5, and 1 percent of the time during the month, respec-
tively) are provided in this report for altitudes 30 through 60 ki. The indicated

wind-speed percentiles are presented on maps covering the western half of the

northern hemisphere (centered on North and Central America), as well as in

tables for 12 northern hemisphere locations.

(Received for publication 31 January 1983)

1. Sissenwine, N. (1968) Aerospace systems requirements for environmental
data in the altitude range 60 to 200 kin, Meteorol. Monographs 9(No.31):7-18.
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2. OBSERVATIONS AND DATA LIMITATIONS

Data used to derive values given in this report consist of wind measurements

at and above 30 km at 12 Meteorological Rocket Network (MRN) stations in the

northern hemisphere for which some 8 years of observations were available. The

sites, their geographic locations, and periods of record for which data were

extracted are listed in Table 1.

Table 1. Observational Sites

Station Location Period of Record

0e 0
Kwajalein 9 N, 168 E Apr 1969 Dec 1976

Fort Sherman 90 N, 80°W Jan 1969 - Dec 1976

Antigua 17°N, 62°W Jan 1969 - Dec 1976

Barking Sands 22 0 N, 160'W Jan 1969 - Dec 1976

Cape Kennedy 280 N, 81°W Jan 1969 - Dec 1976

White Sands 32 N, 106°W Jan 1969 - Dec 1976

Point Mugu 34°N, 119°W Jan 1969 - Dec 1976

Wallops Island 380 N, 750W Jan 1969 - Dec 1976

Primrose Lake 550 N, 110°W Jan 1969 - Dec 1976

Fort Churchill 59°N, 94°W Jan 1969 - Dec 1976

Poker Flats 65°N, 148°W Jan 1969 - Dec 1976

Thule 770 N, 69°W Jan 1969 - Dec 1976

Observations at the locations given in Table 1 were taken primarily with

parachute-borne instruments launched by rockets. Root-mean-square (rms) ob-

servational errors for these sensors range from about 4 m/sec at 30 km to 8 or
29 mi/sec at 60 km. For the relatively few falling spheres that are included in

the data set, rms errors range from 2 m/sec at 30 km t, about 7 or 8 m/sec at

60km. 2

Monthly extremes of wind speed can be estimated from the monthly mean

north/south (meridonal) and east/west (zonal) wind components and their standard

2. Meteorological Group, Range Commanders Council (1981) MeteoData
Error Estimates, Document 110-81, White Sands Missile ange, N. Mex.
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deviations due to dav-to-day variations. These monthly means and standard

deviations were obtained directly from the AMRN observations for" the stations

listed in Table I.' The observed rims variations (a ) around the monthly means

include both the true rms variability (a ) due to changing synoptic conditions and

the rms observational error (a). If the true variability and observation errors

are independent, the observed rms variability is given by Eq. (1)

1 '2ao°  o . (1)

The effect of observrational errors should be carefully evaluated to determine

how much of the variability indicated by the uncorrected soundings is due to

synoptic changes in weather patterns. For an rms observational error of 8 m/sec

(60 kin), use of the true variability would result in a decrease in the estimated

1-percent extreme speed of only 4 m/sec out of 150 m/sec, less than a 3-percent

reduction.

These observational errors have an even smaller effect on the mean monthly

wind components because the rms observational error of the mean monthly wind

is equal to the rms value of the error of an observation divided by the square root

of the number of independent observations used in computing the monthly means.

Day-to-day correlation, however, does reduce the effective number of independent

observations, contributing somewhat to the uncertainty of the monthly m, -ins.

3. TECHNIQUE

The objective of this investigation is to provide the best estimate of wind-

speed extremes over the northern hemisphere at altitudes above 30 km. Enve-

lopes of the 10-, 5-, and 1-percent extremes are already available in MIL-STD-

210B, Climatic Extremes for Military Equipment, for altitudes between the sur-

face and 80 km. These values, however, are related only to the windiest months

and locations in the world. They represent global extremes and are unrelated

in time and space; that is, wind speeds at one altitude may be valid for different

locations and/or for different months than those at other altitudes. For this

report, the estimated 10-, 5-, and 1-percent wind-speed extremes are presented

on maps (covering the western half of the northern hemisphere) for 5-km altitude

3. World Data Center A (1969-1976) Data Report Meteorological Rocket Network
Firings, NCC, Asheville, N.C.

4. DoD (1973) Climatic Extremes for Mi.itary Equipment, MIL-STD-210B,
Washington, D.C.
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increments from 30 through 60 ki. These estimates, for I P. tid rson -,nnths

of January, April, July, and October, are provided on 84 r.aps in Ap,.nlix A.

Tables also are presented in Appendix B, containing the n ; i b! fb -h, %,,cir

means and vector standarl deviations :ss well as the annual .nd i.' -til K -

Nr-, and I-pe rcent ext remes a, e'ach location. It should be t., i t,. -;t i c - ,'nl

annual extre:o. a -ould b, the 5- (1- 10-prrcoent extreme of th, '.!i . i,,,

The observt d ,-! idional and ,r , means and standard iw.'-:x ,,, h. .

in Secti(on 2 ot this report 'aere used to Ar'ive the magnitud. ,I' • .. ':' !.1',

'. nd vectors and vector stanrda:, l r.t 1 or ea h level , .. . , NI i.,

stations listed in Tabl 1. Ext'erw:.c.:rr s eds were thi c, u.- "

magnitudes of the ver'tor means and a- crat rd t'e ,r stand;_ 1 W i.- , 5 ,a.A,]nm-1

ing a circular normal istribut ion. 'll f'1 nv iag ,I"rmula Aa:s uspi Ni r raleu!:,-

tion of the 10-, 5-, and 1-percent (ixtrr-rr.es:p

Ox n n in
P() -y T n- I I E lX (2)

n !o !=o

9 '2

wherey 2 and D is the vector mean x - and 1? is I,- :, ,.an, and
2o' 2 "-

2 22u = a (that is, the square of the standard vector deviation). 6c cut:, ' normal
vdistribution requires an assumption that the zonal and %-eridial wind components

are uncorrelated (independent) and that their standard deviations are equal.

Because the standard deviations around the mean monthly zonal winds are gener-

ally larger than the standard deviations around the mean monthly meridional

winds, an elliptical normal rather than a circular normal distribution applies.

The effect of this inequality in the standard deviations can be estimated. For

example, when the standard deviation of one component is twice that of the other,

a circle of radius equal to one vector standard deviation contains about 65 percent

of the total probability rather- than 63.2 percent when the standard deviations are

equal (circular normal). Because of this small difference, a circular normal

approximation has been used in this report as it provides reasonably accurate

estimates and simplifies the calculations that must be made to determine extreme

winds in the stratosphere, and lower mesosphere.

5. Bell Aircraft Corporation (1956) Table of Circular Normal Probabilities, Rpt.
No. 02 949-106.

6. Court, A. (1957) Maximum Variability Levfl of Winds, Scientific Report No.
2, Contract AF1'(604-2060), AFCRC-TN-57-478, AD 117238.
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4. RESULTS

Vertical cross-sections of mean monthly zoY and meridional winds have

revealed that the strongest monthly vector winds occur in the middle latitudes,
7

generally during the winter months. The resulting hemispheric 1-percent scalar

extremes have been estimated to reach 215 m sec - 1 near 55 km. 4, 7

Mean monthly vector winds for this report were calculated from monthly

component winds and were found to be largest during winter between latitudes

30°N and 60 0 N. The 10-, 5-, and 1-percent extreme scalar speeds were esti-

mated, for the 12 MRN locations shown in Table 1, using the statistical technique

outlined in Section 3 of this report. The 10- 5- and 1-percent monthly and

annual scalar extremes at these locations are listed in Tables B1 through B12.

The largest 1-percent extreme, 154 m/sec, is shown at Primrose Lake (Table

B9) in February at 50 km, an altitude typical of an extreme speed at a high-

latitude location. The 1-percent extreme at Wallops Island (Table B8), 150

m/sec, appears in December at 60 km, with the maximum value probably occur-

ring at or slightly above 60 km. At Point Mugu (Table B7), the 1-percent speed

is 147 m/sec at 60 km in December. Extreme speeds are smaller at lower lati-

tudes, as indicated in the tables for locations south of 300N.

The maps (see Appendix A) reflect the tabular values; they verify that the

largest scalar extremes occur in winter. The wind-speed extremes increase

with altitude up to about 50 km in high and upper middle latitudes, whereas they

apparently increase up to at least 60 km at other latitudes. The summer extremes

are somewhat less intense than those in winter; values are generally weaker over

northern regions and near the equator than over the middle latitudes. April and

October, or spring and fall, are normally transition months between the westerly

winds of winter and the easterly winds of summer. Consequently, they display

weaker scalar extremes than those in winter at most latitudes and altitudes.

5. SUMMARY

Estimates of 10-, 5-, and 1-percent scalar wind-speed extremes are provided

in this report for the western half of the northern hemisphere at altitudes 30
through 60 km. The map results, however, must be considered only as rough

estimates because they are based on a sample limited to 12 widely-scattered

locations, mostly in North and Central America. Although 1-percent extremes

7. Kantor, A.J. (1969) Strong Wind and Vertical Wind Shear Above 30 Kin,
AFCRL-69-0346, AD 696598.
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at the individual stations reach a maximum of only 154 m/sec between 50 and 60

km during the winter months, the maps suggest values up to at least 180 m/sec

in January. Even stronger extremes may occur in December or February, as

indicated by the monthly values in the tables. Earlier estimates, which were

related to the windiest months and locations, indicate a hemispheric 1-percent

extreme of 215 m/sec near 55 km.

14
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Appendix A

Maps of 10-. 5-, and 1-percent Wind-Speed Extremes
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Appendix B

Tables of 10-, 5-, and 1-percent Wind-Speed Extremes
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Table Bl. Scalar Extremes (m/sec) at Kwajalein

,,_/I I I l I

30 M 3 KM 40 M 4 KM 50 KM 55 EM 60 17
I I I I I I "

)II.)VIC'L28 PERCENT IVC3 R PERCENT IVECT R PERCENT (VEC?0R PERCENT )VEC7DR PERCENT ;VECTOR PERCENT IVEC V3 PERCENT

I36 30 5 I)7* 70 I5 ) N 1 0 5 Ili 70 5 IN' ' '0 5 11* a 70 5 M a 10 S I

-841 4 77 27 37 39) 6 27 34 39 48110 15 27 31 38121 70 40 45 $3122 27 52 59 71110 21 35 40 0 27 24 53 59 70I I I I I I -I

, PER 7 18 28 32 40112 1. 33 17 45116 16 33 37 45114 18 35 39 481 7 18 29 33 41124 20 45 50 59130 22 5965 75

71AR 4 1. 30 35 4
3
i1

8  
14 33 37 4416 15 33 37 441 8 19 30 34 42)25 19 45 50 59137 20 38 63 72132 32 67 75 90

APRIl0 15 28 31 38119 13 32 36 4211)0 I 23 26 311 4 12 20 23 29112 13 27 31 37122 15 38 42 49123 16 40 44 52
IIII " "

1.11115 15 32 36 43:21 11 32 35 40112 10 23 75 30! 6 10 18 20 25) 9 14 26 30 36) 7 19 31 35 44) 7 27 43 49 60

U II24 73 31 41 47124 10 34 37 42:20 11 31 34 39123 13 36 40 46)28 14 43 46 53)19 20 41 46 56) 4 17 27 31 3

JUL 25 11 36 391 45)29 9 37 40 44)31 13 44 47 541314 6 S0 54 62131 19 53 56 65114 19 34 39 471 7 24 39 44 54

AU1I2 13 39 42 4934 12 47 50 56137 18 55 60 6831 19 50 55 6416 14 16 41 49)1. 118 30 34 421 2 9 29 33 41

SEP021 It 32 35 41126 14 40 44 50Q23 19 44 49 59,) 75, 24 29 34) 4 13 20 23 29) 9 19 30 34 42) 8 18 3 35 43

OCTII 12 26 30 35112 15 29 32 39) 0 14 27 30 36:13 13 29 31 39:25 16 42 46 S3135 19 54 59 68i33 22 56 62 72

W) 8 17 29 33 41) 6 79 30 35 43)20 77 39 43 52)29 74 44 47 54)33 74 52 57 65)31 22 54 60 70)29 27 57 64 76

DECI 4 20 31 35 43) 9 22 16 41 51)7 18 33 37 46)17 22 37 42 52) 6 24 18 44 54;10 30 49 55 68119 28 51 '7 70

ANNI12 19 34 39 46116 20 38 43 52113 22 38 44 53) 7 24 19 45 551 4 27 42 48 (,0111 27 45 51 63116 29 49 56 69

Table B2. Scalar Extremes (m/sec) at Fort Sherman

SI I I I I !

s I 3 5 I 40 KM 4 5 XM ) 50 KM I 55 K) 60 KM

770IIVECrriR PERCENT IVECmft PERCE T IVEcT)R PERCE"T eof w P VERC o PER"NT o rVl11. PERCENT Iorm PEPrTI4T
In . 10 5 1114o a 0 5 1). . 010 5 11M 1 01 5 7)l*,t 10 5 1 7) 7 to 51

JANI 2 15 24 27 34) 8 15 27 30 37115 12 29 32 3826 17 44 49 56126 24 53 59 70) 6 23 36 41 51 6 23 37 42 S2l ,I I I I II
FEB 9 15 27 31 37)17 12 30 33 3917 14 32 36 421 2 14 21 25 30) 7 16 27 31 18115 21 I 41 53115 22 401 45 IS

MARI 3 13 21 24 29) 9 14 25 29 15:12 13 26 29 35121 1 37 41 49125 18 44 49 57) 7 20 32 37 46) 7 19 31 36 441

APRI0 14 26 30 36116 12 29 32 381 7 12 22 25 317 7 71 20 23 28113 15 29 33 40)16 21 40 45 54)14 20 17 42 57,

AYI17 14 32 36 43121 11 32 35 41) 8 13 24 27 331 6 9 16 19 221 9 13 25 28 34) 7 79 29 34 421 9 26 41 47 S9.J

208)22 77 33 36 42)23 77 34 37 42119 14 34 38 44123 12 35 38 44)29 15 45 49 56121 22 46 52 62) 7 25 39 45 561

JUL26 10 36 39 44)26 12 3 47 47127 13 40 44 50:30 15 46 50 57)25 17 43 48 56)13 20 36 4r) 49111 29 46 53 65

AUG-23 II 34 37 42128 3 42 45 52)29 19 49 S3 62)21 17 40 44 52)11 16 29 31 41 7 16 27 17 39) R 20 30 37 46

S3P124 11 35 38 43120 12 33 36 42!11 14 27 30 37) 1 11 16 19 27) 6 70 70 20 25) R 14 24 2A 34) 9 17 294 31 41W

'C I ") 1 76 29 3 2 3') 1 3 16 25 2 9 151 4 1 1 2 2 2 5 31 7 9 1 2 4 2 A 34 11 1 1 4 2 7 3 36 ! 13 2 2 4 4 4 9 5 91 2 1 14 1,1 9 9 4

NOV,0 5 13 22 25 31 D 14 26 23 '3) 1 2 22 25 37) 7 20 12 16 41 9 16 27 11 30)77 27 45 51 611 27 42 44919

0E05 9 73 23 26 32) 1 13 20 23 21) 4 14 23 21, 32)17 20 40 44 94)23 2' S2 5H 701 A 21 14 3) 49) 7 3 47 54 "1r
I I I

6.NN 14 1 31 35 430111 s 00 07 7 1 1 0 31 5)17 20 40 411) 23 33 44 541 6 23 0' 42 2) 6 26 41 41 5'

. . 4 I I

104
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Table B3. Scalar Extremes (m/sec) at Antlgua

~30 KN 35 KM
1  

40 KM 45 KM 50 KM 55 KHI 60 KM

W. ~ Y 930 rmrI109 R . 1 P 1 PERCEiT VbCIOR PinC~hT j COR PECI? I ERPCIN
ft a I 5 I lb 0 5 1 MR a 10 5 M t G 5 , l 1ot 10 5 1 It a 5

JA 3 13 21 24 29 9 14 25 29 3512 13 26 29 35121 IS 37 41 49 25 18 44 49 57 7 20 32 37 461 7 19 31 36 44

2 11 1 21 2 12 19 2127112 11 24 27 32112 I5 30 34 4117 21 33 38 47 18 20 41 46 5SS29 16 46 SO 57

SR 4a, 19 22 27 13 12 27 30 36 15 IS 32 36 43 3 17 27 30 38 10 18 31 35 43 1 17 39 44 52130 20 SI 56 66

A 9 9 19 22 26 12 10 22 25 30 10 11 22 25 30 4 Il 18 20 25 5 14 23 26 32 12 11 24 27 32 16 15 32 36 43

MYf 16 8 24 27 31119 7 26 281 32117 8 26 28 32130 9 29 32 36121 12 34 317 41012 32 35 411 8 18 31354

JU1J25 5 30 32 
35f26  8 34 37 41124 10 34 37 41132 12 44 47 52136 14 50 54 60129 16 46 S0 57117 16 34 391 46

IL 29 7 35 37 41134 4. 3 47 1 47 0 SS 44 13 57 60 67146 14 60 63 70133 19 53 58 671 9 22 37 42 SI

AUG
1
30 5 35 36 38136 7 43 5 49 36 14 50 54 60136 18 55 59 68128 20 50 55 65 10 17 30 34 421 5 17 27 31 39

3ZP25 5 30 32 34122 9 32 34 39 13 15 29 33 40 913 23 27 32111 92126713232632 92 232632

1 7 21 23 27 8 14 24 27 33 4 13 20 23 29 12 12 26 29 3 14 33 36 43 23 16 40 44 52 25 19 45 50 59

I 8 16 18 22 2 15 23 26 32114 IS 31 35 42120 IS 39 43 52 22 20 43 48 5 22 46 52 62 28 32 64 72 86

DIEC 3 10 16 18 231 2 15 23 26 3 2 17 26 29 36 6 19 30 35 3 9 20 33 38 461 9 21 35 40 5015 22 40 46 56

)J 14 14 29 33 40116 17 34 38 
4
61 3 19 35 40 48 12 23 40 45 561 9 26 43 49 60 7 25 40 46 57113 25 43 49 60

Table B4. Scalar Extremes (m/sec) at Barking Sands

I I I I I I I

I 30 KI 35 KNI 40 KN I 45 KIMl 50 KI 55 KM I 60 KM

m.iVSCTOR PERCENT PVCTOR pERCENT iVECTOR PERCENT IVECTOR PERCENT IVECTOR PERCENT VECTOR PERCENT VECTOR pERCENT
It 10 5 lMt a 10 5 1IN a 10 5 lt a 10 5 lih a 10 5 lItM a 10 5 l81 a 10 5 1

jAill 6 13 21 24 30 8 17 28 32 401 4 18 29 33 411 4 24 31 42 521 9 29 47 54 66129 33 65 73 88156 31 88 95 110

ffI8111 1 23 26 WLIO 13 2S 29 351 3 20 32 356 4SI10 24 40 46 56120 26 49 55 67137 25 64 70 82156 20 76 82 91

MI 8 10 19 21 261 6 II 20 23 281 3 14 22 25 31117 18 37 42 50129 20 51 36 65139 22 61 67 77143 24 68 74 85

APRI 2 10 15 17 221 5 I 19 21 261 4 11 18 20 251 4 14 22 25 321 8 16 27 31 381 9 18 32 36 44111 20 34 39 48

NRYIll 7 19 21 24112 8 21 23 27115 9 24 26 31124 10 33 36 41124 11 36 39 44128 14 42 46 53128 14 43 47 54

JUN121 6 26 26 31123 7 30 32 35131 7 38 40 44140 9 49 51 56143 11 54 57 63146 15 60 64 11141 16 57 62 69

JUL127 4 31 32 35131 6 37 39 42140 8 47 49 53149 9 58 61 66151 11 62 66 71140 17 58 62 70124 23 49 54 65

AUG128 4 32 33 36131 6 37 38 42136 9 45 48 53138 13 51 54 60130 17 47 52 60116 16 33 37 451 7 16 27 30 37

SEP122 6 28 29 3219 9 28 30 35113 11 25 28 34111 12 25 29 341 5 11 19 22 271 7 11 21 33 291 7 15 25 29 35

OCTI 9 6 16 17 201 3 11 18 20 25117 13 31 34 40126 15 42 46 53135 17 53 58 66138 56 61 69140 21 61 66 76
I I I I I I I

NOVI 8 7 16 18 22120 13 34 37 44131 15 46 50 57147 14 61 65 72158 18 75 80 89162 19 81 85 94162 24 86 92 103

I I I I I I I
DECI 5 10 17 19 24111 16 29 33 40121 21 45 50 60133 28 63 70 83137 31 70 78 92142 33 77 85 101149 33 84 92 108

I I I I I I I
AkiI 7 16 27 31 381 6 20 32 37 461 6 26 41 47 581 7 34 53 60 741 7 38 59 67 83112 40 64 73 90121 41 70 80 98

105

4'
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Table B5. Scalar Extremes (m/sec) at Cape Kennedy

30 KM 35 KM 40 KM 45 KM 50 KM 55 KM 60 KM4

MO. VlEwsA PERCENT VEC O2R PERCENT VECTOR PERCENT VECTOR PERCENT VECTOR PERCENT VECTOR PERCENT VECTOR PERCENT
to 105 it 010 5 it M 105 i , t 005 l t, 0105 it 0 c10 5 lItn 0 105

JAN Ii 13 26 29 36 19 17 38 42 50 Is 20 37 42 51 14 24 42 48 58 16 27 47 54 66 25 28 57 6,4 17142 27 71 77 90

reI14 1227 30 36118 16 36 40 4712 20 3540 4915 2240 46 5522 2550 56 67134 2359 65 765i 24 7581 92

AUt 2510 6021 24 2916 5 3 438 7 326 4 6 2 40 45 54 60 22 48 54 64 1 22 54 63 1 22 64 48.

SPR 37 1 24 22 11 23 26 12 13 21 24 30 4 11 26 29 35 7 16 28 32 39 6 15 27 28 31 5 19 30 35 43

14111, 5 7 14 16 191,3 14 : 162 9 2: 2:19 9 29 317 16 1 1 3 : 41278 39 43 4910 13 4 7 54

JN 7 1 4 i3 7 12 23 2 44 15 2 45 5 64 41 22 58 63 74 20 68 73 2 16 7074 82

I I 1 1 1
OUCT

2 
I I0 U, 4 17128 26343291. 3 2 74 3124 414 -59 1.13S 2 1. .3 14.721 1 7 7 2 1 6778

Table B6. Scalar Extremes (m/sec) at White Sands

I I I
30 3M 35 KM 3 40 KM 45 1 50 EM .55 EM 0 2U4

IC ElMPERCENT VECTOR PERCENT VECTOR PERCENT, [ECTOR PERCENT 1VEMTO PERCENT, VECIVR PERCENT, fVECIM PERCENT
o 1 1 I 1 0 t o 105 Ito 105 t 10 55 1 to 105 it 10 5 1

9 0 15 43115 23 42 48 59 19 25 47 53 65130 30 63 71 84142 6 80 89 10646 34 .2 9i 107159 34 94 103 119

PERI 9 17 29 33 41622 24 49 55 66 27 28 58 65 77 31 30 64 71 85 40 28 70 77 9) 48 32 92 90 105159 29 89 96 110

aM 9)2 1 7 2-2 17 40 44 92 27 2 1 50 .5 64301 24 5 62 73 34 28 063 74 8 23 62 68 7 94 1. 3 71 911 94

APR 8 8 17 19 23 15 1i 27 310 36 13 17 32 36 44 12 i18 33 17 45 9 19 33 37 46 623 36 41 Si1 7 '21 37 43 53

MaYl 1 7 11 12 16( 0 I5 28 32 38 7 11 19 22 27,16 16 34 39 46 20 13 14 37 43 24 14 10 42 4430 17 40 52 h

21814 4-1 232 30171 10 21 130 34(24 101 34 37 42134 Ii 49 48 13(40 12 53 9 6 61148 14 62 3* 71114 27 71 11l 90'

2111,122 6 28 29 32 (25 7 32 34 38133 8 41 44 48144 11) 94 57 62190 12 61 61 72(56 15 71 19 02(62 M2 11 111 13 1 1

_ i l i II I J . . . .

AUG 1121 5 26 27 3OJ23 7 38) 32 15129 1Ii 41 44 50ji) 12 50 53 5'3139 16 59 -,9 613 3 21 67' , 7111 2f6 Yo 695 7

SEjIl 1 3 211 23 271 7 8 16i 14 23 911 21 24 29j11 132 21 9 36 6 77 27 11 1 1 7 28, .311 2 Ill 9 18 V7I 14 41

l o I K I I "-

OCT0 1 14 22 271 17 16 34 4124 19 40 50 59 3 27 93 58 60:41 29 1,n 1 3 7 5 H1 l24 1 1 A I I 1 Ho 10 1 -

V1 19 13 32 I, 42482917 5294621 1b 60 b4 7 156 211 It,01 41 26 1' 7 . 1 0 4 I'll 11670 3 4 103 I 11 i11lll
I

3739 72 33 38 1 24 5H h4 76:92 2 1 4 41 4 '4 60 27 I5, 12 119179 I 2I I'll '' 17 12 1 II 11 I I II 1 11 114)

1 2 t, 41 1 9 I 1 91 '1111 41 99 70 12j1 7 71 II 6 9 12 1 1 1 1. ., 1, 254

inf;.. ... . .. . .. . .. . ..... .............



Table B7. Scalar Extremes (m/sec) at Point Mugu

3 0u KM 35 K.lI 40 KM 1 45 KM 5U K4 1 55 KIM I 0 KM
I I I !

-1.IVECTOR PERCENTIVECTOR PERCENTVECTOR PERCENTIVECTOR PERCENT IVECrOR PERCENT IVECTOR PERCENT VECTOR PERCENT
I~n a 10 5 1W on 10 5.1 i . 0 5 1 Mn olt 10 5 I itn 10 5 I IMn 32 10 V I

44 50 £1121 54 61 7437 34 73 81 97150 37 90 99 117156 W 92 100 11 64 102 1I 129

I I
*E8i 4 15 24 28 34115 26 45 51 63125 32 o2 70 8413, 36 73 82 98138 32 73 81 96148 29 7S 85 99161 28 90 97 I111

I I I I ! t 1
:KR: 8 13 23 26 32121 19 42 46 55132 25 59 65 76137 23 61 67 18139 22 62 48 7841 22 b4 b9 014-. 2o 'I 78 9,iI I I I I

APRI 7 8 16 18 22116 11 28 30 3o 417 17 36 40 48113 19 34 39 47113 20 37 .2 511 8 21 34 39 48l 4 22 14 39 48
I I I I I

M&YI 1 6 9 10 13: 1 7 I1 13 tol 7 9 18 20 2,115 I) 2' 28 1312O It 11 34 .0126 12 39 -.2 4h13 In t, 5 - 62
iI I

JU,313 5 18 19 22117 b 23 25 28126 7 33 3 39134 9 .2 44 9141 It 52 55 £0149 12 ,1 4l,4 .14 1,h 78

JUL122 4 2b 27 30125 5 3o 32 15133 b 39 41 44144 8 52 5. 58:51 19 61 6815b 13 49 71 791b1 2 8. 9' ILtII I I I

AU121 4 25 27 29122 4 28 30 33127 9 36 39 43135 9 4- " 51138 14 S2 Sn 4213n 18 55 4w) 1 1 22 , 0 4 70l

SEPIII b 1 17 20 9 9 19 21 -"1 1 11 21 26 31 9 13 2-. 27 33! t 11 22 20
,  

311 4 14 2,. 24 1.i

C1"] 8 1.) 2.) 22 27:tg 13 32 3o 42127 1h 43 48 55132 18 1 56 64143 20 43 48 7!19 19 6e, 73 835t 21 7, SOI 9o
oa 10iI

N(' 1 0 31 34 41128 18 .7 52 61140 20 4) 75151 2o 71 76 86145 25 91 97 109171 24 97 I0 116142 29 92 99 lI3 i

I I I ' I
DECI 4 18 29 33 41122 28 53 60 73142 30 74 8 2 96161 33 95 103 119174 35 11:) 119 134179 30 114 121 141,17b 41 118 128 1481JI I I

ANI I 1l 24 29 3 1 2-. 18 .4 541 9 33 52 ,J0 7.112 41 65 7'. 92116 .8 77 87 109119 51 13 9- 117120 55 89 1,11 125j

Table B8. Scalar Extremes (m/sec) at Wallops Island

I 3 K ' 31 3 -I K 1 1

MO. IVECTI,( PExls.N. vE0:r 8 'e.8T61T*T * pK'9.iT IV LC1 r R VPER1 CENT 1VECTOR PRENr I46'E8TOR FERCENT IVECTuR IT5CENT
1ki I _ 5 1 .In I I I AM 7 1,. 1119j M. , I" % , WI At J 0 5 iIM, 1 1) I1

JA35i1 214 .1 4, 54128 2 57 AI 
7
t,13

7 
1', ., ', 9110; 12 8-. 91 1t19159 30 96 105 121163 12 g 11-. 119171 31 W21 I 12 S

2'K 1 ) 18 -13!2 7S.-.' Si 7d . I '4.:1. 4' -4' .I I -, 3 9, 1'') Hv, 11914 1'' '.jo 118901; 3-, I'? 1I 13)

1. 28 12 194'; 4 2 1 2' 42 40 i2 2, ',1 -.2 24 r,9 '4 18 .1 2- 6h 72 9J111 29 71 K, 9.1

'AR 9 81 I -11 25; 1 3 3o 1 . I" 4 i '.' .011 1 12 Jn .,J11 17 31 3h .3' 2,1 2 37 n'1

myI 1 11 1., 2 1 [7. .1, . . .. , 2' 29 J.12" 11 31 I, 4"124 10 39 .1

% 1' i 124 n 2 2 2)2 1 32 7, n . 1 1[ I. 1" 7<

JULIIH . 22 21 21,23 - 27 29 3,1j 4 17 H-4 -. i.I 7 " -'2,47 i 14 04441. 12 47 7,105 17 s o 81

ii
40.0! -1. 21 21 2 . 1 9 1 227 12- 7317 4>i,132 ii '-n0 1 12 .9 -011 15 is ol 78 1

1 15! 4 o 1 2 171 4 0 17 19 21.1, 2 2.2 1_ , 1 1 i 23 21 121 5I 2 29 141 I 19 I') -.2

, CIII Ii 2- :7 1212 In 10 .2 ,0127 19 -.7 1 4114, 21 1 " 7 77-. -. 7. 4'' 9115, 2. 91 97 9 o 2' 40 I )9

NO'2 I L 37 .1 4t<37 1; , 49 ol11 18 70 7 81172 22 9 49 lliSS 28 113 119 11119, 27 122 9 12 S21'i I iw- 124 :1i

1)4 E11, 1 7 n 53 4I)1 22 74 9') 90j,9 21 9 9I 1'5185 24 1 9 , 192 23 12 7 07 -.119-. 12 "- I-, 1.919' 1., 1 1, 1,1[
1 31 J , 12 29 .7 444 11. 37 o 69 152."2 7. 0, 7,,4]22 12 64 9 12'o2. n . 2 i -. 1'1) , 4 . I 12
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Table B9. Scalar Extremes (m/see) at Primrose Lake

I I I I I I
1 30 KM I 35 MI 40 KM 45 KH 50 KM 155 KM 60 KM

Nm.IvcTo. r pERcKTVECroR PERCENTIVECTOR PERCENT IVECTOR PERCENT IVECTOR PERCENT IVECTOR PERCENT IVECOR PERCENT
)bn o O 5 LIMn 0 10 5 I a 10 5 11 M . 10 5 1 INn a 10 5 1 Ire o 10 5 1 I~n o 10 5 1

* JAMNS2 U 62 70 8 6r2-5 37 67 76 92130 40 75 85 103134 46 86 97 118130 51 90 102 125131 50 90 102 125126 35 66 75 91
I

nfll9 22 44 50 6012 ?R 56 62 75136 33 72 81 96150 39 91 101 119156 54 115 128 154154 47 104 116 138138 43 86 97 116
I I I I III

DR31 8 17 29 33 41110 23 39 44 54112 31 51 58 71111 37 58 66 82122 35 63 71 87126 36 68 76 93135 33 71 79 95

A Ri 4 It £7 20 251 1 12 19 21 271 3 15 23 26 321 7 17 27 31 391 9 17 31 35 431 9 22 36 41 51112 23 40 45 56
II I I I II

DM11 9 6 15 17 201 9 7 17 19 22110 8 19 21 261 9 9 20 22 27J1 12 25 28 34118 15 34 38 45125 15 41 44 51

2UNIII 3 14 15 17114 5 19 21 23119 4 24 25 27122 7 29 31 35130 8 38 41 45136 13 49 52 59144 12 56 60 66

JUL113 4 17 18 20117 7 25 27 31123 6 31 33 37129 10 39 42 46139 15 55 59 66147 12 58 62 67160 16 76 81 88

AUGI 6 5 12 13 II 9 7 17 19 23113 10 23 26 31116 10 27 30 35125 12 37 40 46133 8 52 57 66144 25 70 77 89
2 'I I I I I II

SRPI 8 8 17 19 23110 11 22 25 30113 11 25 28 34116 13 30 33 40117 14 32 36 42114 19 35 40 48113 22 38 44 53

OCTI13 11 24 27 33120 14 35 39 46129 15 45 49 57137 17 54 58 66140 18 58 63 72139 25 66 72 84137 28 67 74 87

MOVI 9 £8 30 34 42114 20 37 42 51121 22 46 52 62130 27 59 65 77133 31 67 75 90134 34 72 80 9613£ 35 70 78 94

DECI31 22 54 59 69135 30 68 75 89142 35 80 89 106144 38 85 95 112144 40 87 97 115138 41 84 94 11314£ 44 89 100 121

ANNI 6 21 34 38 481 8 26 41 47 58112 31 51 58 72115 37 61 69 86112 43 67 76 94113 45 71 81 101110 46 72 82 301

Table B10. Scalar Extremes (m/sec) at Fort Churchill

I I I I I I
130 Kil 35 KM 1 40 K 165 KH 50 K 155 KM 1 60 KMI I I I I1 I I

m.lIvEC'rt PERCENTIVECTOR PERCENT IVECTOR PERCENT IVECTOR PERCENT UVCTO R PERCENT PERCENT VECTOR PERCENT
It a £0 a 5 lith o 5 £ S N I 0 a 5 1 IMI a 10 5 It a £0 5 l It a 10 5 M I 0 £0 S I

JANT27 36 69 77 94127 41 74 84 £02133 46 85 96 117135 54 97 110 134138 58 105 118 145135 51 93 105 128130 41 77 87 106
III I I I

FlB25 29 58 65 78128 32 64 7. 86131 36 72 80 9714£ 40 84 94 113148 44 96 107 128147 45 96 107 128147 38 88 97 115

NARIIO 18 31 35 43110 21 36 41 50111 2? 45 51 63115 32 53 61 75123 33 61 68 83126 33 43 71 86135 33 71 80 95

APRI 5 9 16 18 2,1 3 12 19 21 261 2 13 21 24 301 9 15 27 31 38111 18 32 36 44111 20 35 40 49111 22 37 42 52
I I I I I I I

AY1 7 5 13 14 171 8 7 15 17 201 7 8 16 18 2-1 7 8 17 19 23110 12 24 27 33116 14 30 34 40118 15 35 39 46

-. I I I I I I I
JUN21I 3 14 15 11114 5 19 20 23116 5 21 23 25121 6 27 29 32135 8 43 44 47133 12 44 48 53139 13 52 55 61

JULI 9 3 12 13 15114 4 18 19 21118 4 22 23 26123 6 29 31 34130 9 39 42 46136 9 46 48 53145 13 58 62 68

AIOI 4 5 9 11 131 6 6 12 14 171 6 6 13 15 18110 10 21 23 28114 10 25 27 32120 12 33 37 42124 17 44 49 57

SEPI 7 b 14 16 191 9 9 19 21 25113 10 24 27 32117 12 30 33 39117 14 32 36 43115 16 33 37 .4113 17 33 38 46

OCTI£6 11 28 31 36122 13 36 40 46131 15 46 50 57140 17 57 62 70146 20 67 72 82142 22 65 71 82142 25 68 74 861

I I I I I I I
NOV117 19 38 43 52125 23 50 55 66131 24 57 63 75140 28 69 7b 89145 33 80 88 104140 35 78 87 103144 35 81 99 £06

DEC13) 25 63 70 82140 29 71 79 92144 34 80 89 105151 37 90 £00 11?15) 40 93 1 1 121145 41 89 99 £8148 4) 91 I'll 1191

I I I I
ANNII3 24 42 48 58115 28 48 55 67118 32 5b 64 78123 38 67 76 93125 42 68 77 95122 41 14 84 113122 45 76 87 £17
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Table Bll. Scalar Extremes (m/sec) at Poker Flats

KM I I
1 30 M 1 35 KM 140 KM 45 KM 50 KM I 55 KM 1 60 KM

* II I I~- T
M0.IVECTOI PERCENTIVECTOR PERCENT IVECTOR PERCENT IVECTOR PERCENT IVECTOR PERCENT IVECTOR PERCENT IVECTOR PERCENT

111 a 10 5 1186 a 10 5 1 1fn a 10 5 1 1M6 a 10 5 1 IM8 d 10 5 1 IM a 10 5 I I1n . 10 5 I
2-018 32 56 63 78123 ,0 70 79 97129 48 85 97 118l33 54 95 108 132131 56 97 110 135126 48 83 94 116111 60 93 1)6 132

I I I I I I

FERI21 26 51 57 b9122 30 57 64 78127 32 63 71 $6133 36 72 81 98136 41 81 91 110134 46 86, 97 118121 38 67 76 93
I I I I I I I

MAR11) 20 34 39 47112 23 40 45 56115 27 47 54 66117 33 57 64 7911I 32 56 63 77115 30 I1 58 72111 28 46 53 5
I I I I I I

APRI 5 9 lb 18 221 6 12 21 24 291 5 18 26 30 371 1 16 28 32 401 . 21 32 36 451 6 -3 37 42 521 9 19 )] 15 43
I I I I I I

AYI 7 1 i4 16 201 7 7 15 17 211 8 8 17 19 221 9 10 21 23 28111 12 24 28 31119 15 35 19 46125 15 41 44 52
II I I I I I

JUNI10 4 14 It, 18112 7 20 22 251t5 6 21 23 2bI19 9 28 30 34126 10 17 40 45132 15 47 51 59136 IN 55 60 69
I I I I I I I

JULIIc 3 13 1. 16112 3 16 17 18114 4 18 20 22120 5 2b 27 29126 7 34 37 39132 12 44 47 53143 10 52, 56 61
II I I I II

AUGI 3 4 8 9 111 3 5 9 11 131 4 b 12 13 161 6 9 16 18 221 9 11 21 24 29116 15 32 36 431.2 18 42 47 55
II I I I I I

SEP6 t 7 14 lb 201 8 8 17 19 23113 8 22 24 28115 11 27 30 35116 14 32 36 42116 15 33 36 43115 20 38 43 52

OCT11? 14 31 35 41122 16, 38 42 5U129 17 47 52 60137 18 55 50 68137 27 66 72 85135 30 67 75 89125 25 53 59 71

NOV117 18 37 .2 50121 21 47 52 62128 21 5o 55 65132 31 67 74 89142 33 77 85 ll35 43 83 94 113130 51 90 102 124
I I I I I I I

0ECI1 2. 65 71 92151 31 83 91 105157 40 99 109 127149 43 96 106 127142 40 85 95 114129 43 78 89 108123 49 82 94 115

%II I I I I I
ANNI 7 22 b .1 Sl1 9 2' .4 51 63112 32 52 bO 74113 36 58 6b 82112 38 61 70 861 7 40 62 71 871 6 41 64 73 90

*1 I I 1

Table B12. Scalar Extremes (m/sec) at Thule

" - 1I I I " '

130 KM 1 35 KM 140 KM 1 45 KM 50 KM I 55 KM 1 60 KM

W1. VECTO'.R PERCESTIVECTOR PERCENT VECTOR PERCENT IVECTOR PERCENT IVECTOR PERCENT IVECTOR PEk ESN IVECIOR .ERCPE :
86 I 10 5 11M, a 10 5 1 18P a lu 5 I 186 a 10 5 1 I% 10 5 1 IM86a 10 5 I 16, 1 5 1

JANI24 16 66 74 90129 43 79 89 108131 48 679"TTi253 89 1,) 124128 62 103 117 145130 60 102 116 143FI. 53 8. 95 119
I I I I

FES128 31 '.3 71 85128 34 66 75 90129 38 72 81 98125 43 75 85 104120 41 70 8U 98119 44 74 84 104116 41 68 77 95
I I I I I I

MOW817 25 46 52 60121 08 53 59 721233 1 b 8 83118 35 60 68 83115 13 55 63 '71 9 33 52 59 731 9 32 51 58 71
IIII I I

APRI 4 11 18 21 261 4 11 18 21 261 13 21 24 291 5 13 22 25 311 S 16 25 29 351 7 14 24 28 341 8 lb 27 31 39
iII II

MAY! 6 4 I) It ItI 6 6 12 14 17! 8 lo 19 21 26111 17 32 36 44116 19 38 42 51119 26 49 55 6712$ 12 40 -3 .9
I I I I I I I

JtNI 64 110 12 141 7 5 12 14 161 9 6 15 17 20115 9 25 27 31117 10 27 30 35122 14 37 41 41127 13 40 44 50
I I I I I I

IULI 6 1 11 II 1II 7 4 12 13 151 9 6 15 17 20114 7 21 23 26118 6 24 25 29122 8 30 33 37125 9 34 36 41

F I I Ii
AC;Ui 4 5 11 It 131 4 6 11 13 161 6 7 14 16 191 9 9 19 21 25112 lo 22 25 29113 14 29 33 1 16 15 33 37 44

SEPI . 7 121 171 7 8 17 19 23 11 1 23 25 1l15 11 26 29 34115 13 30 33 4019 15 !. 38 45115 23 .2 .7 i8

OCTII2 1[ 25 28 33112 14 28 31 37114 15 31 35 42117 17 36 40 48119 22 43 49 59117 27 48 54 66117 27 49 56 68;
IIII F I

NOV 5,128 27 7 63 76 130 32 66 74 89132 36 73 82 99136 42 83 94 113136 42 83 94 113133 46 86 97 119136 52 96 1'81 32

DECII5 28 49 55 68120 35 61 7o 85117 46 74 84 104 113 51 80 92 1131 9 5. 83 94 1171 8 5b 86 98 121110 56 87 99 123

A I 9 2. )9 44 551 9 28 45 51 631i0 32 5 58 72) 7 35 55 63 78 6 37 58 6b 821 4 40 61 69 8i I 39 60 68 85
I I 1
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Errata

Change captions for Figures A25, A58 and A76 to read
"i -percent" instead of "10-percent".

Change captions for Figures A27, A60 and A78 to read
"10 -percent" instead of "1 -percent".
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