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Reference atmospheres
ADDENDUM 1 : Wind supplement

0 Introduction

A specification summarizing the characteristics of the wind is
required for many practical problems, such as aircraft design,
the planning and operation of air routes and airfields, estimates
of the global transport of atmospheric contaminants, etc., in
which the wind is one of the primary factors.

Air motions in the atmosphere occur as a result of phenomena
related to air temperature and atmospheric pressure, the nature
of the surface over which the air is moving, the rotation of the
earth, etc. Such a complex relationship leads to large wind
variations in time and space, including the seasonal variation of
the general circulation of the atmosphere and the formation of
disturbances on a wide range of scales from that of cyclones
and anticyclones to that of small-scale turbulence.

The observed features of the wind distribution in the meridional
plane are as follows :

a) a predominantly easterly component in the airflow of
the lower and middle troposphere of tropical latitudes, and
in the whole of the atmosphere in equatorial latitudes;

b) the existence of systematic meridional components in
the zone 0 to 30° N — a northerly component in the lower
troposphere and a southerly component in the middle
troposphere;

¢) a predominantly westerly flow in sub-tropical latitudes
(30 to 40°); the wind speed increases sharply with altitude,
reaching a maximum at altitudes of 10 to 13 km in the sub-
tropical jet stream;

d) in temperate latitudes (40 to 60°), a generally westerly
flow having a wave-like form; jet streams with axes at
altitudes of about 8 to 9 km are associated with systems of
mobile cyclones and are therefore more variable than the
sub-tropical jet stream and much of the detail of their
structure and location is lost in the averaging process;

e) in the stratosphere, the air flow is characterized by a
seasonal of monsoon-type of direction change; to the north
of 30° N, westerly winds occur in winter, changing to
easterly in summer, with negative wind shears (wind speed
decreasing with height) prevailing in the altitude range 9 to
20 km; to the north of 60 to 65° N, abrupt positive wind
shears prevail in winter, and there is a strong westerly jet
stream in the polar stratosphere.

The World Meteorological Organization (WMO) and several
countries have published detailed tables and atlases of the wind
characteristicsi1. 2. 7}, and these can be used to provide infor-
mation in the form required for a given purpose. However, it
would probably be wrong to expect the specialist user, who
may not be a meteorologist, to extract the required information
from the huge store of climatological material available.

1SO 5878-1982/ Add.1-1983 (E)

It seems reasonable, therefore, the present wind data, aver-
aged over major regions, in the form of this addendum to
ISO 5878.

1 Scope and field of application

The addendum presents data on spatial distribution of wind
characteristics, for use in estimating the performance of aircraft
in the design stage or of aircraft already in service, for planning
air routes and for estimating the global transport of atmospheric
contaminants.

2 Methodological aspects and analysis of
the data

The tables and graphs given are based on a comprehensive
study and statistical analysis of wind data for the earth’s sur-
face and eight isobaric surfaces over the northern hemisphere.

The analysis is based on a large and uniform statistical sample,
the major part of which has been published!3. 41, About two
million observations from 369 aerological stations for the nine-
year period 1957 to 1965 were processed. In addition, statistical
data from 50 further stations 5. 61 were included in the analyses.
Other works!1. 2] were also used.

The following maps were compiled on the basis of the average
monthly wind characteristics at the main isobaric surfaces :

a) mean scalar wind speed, V;

b) mean zonal component (zonal component of the vector
mean wind), V,;

¢} mean meridional component (meridional component of
the vector mean wind), Vyi ;

d) standard deviation of the zonal component of the wind,
o,

e) standard deviation of the meridional component of the
wind, a,.

The seasonal changes of the wind characteristics at the dif-
ferent isobaric surfaces and the effects of topography and sur-
face roughness were taken into account in the analysis of the
maps and in drawing isotachs.

The information read off at the grid points at intervals of 10° of
longitude and 10° of latitude for the earth’s surface and for the
850, 700, 500, 300, 200, 100, 50 and 30 mbar isobaric surfaces
served as a basis for the calculation of the average wind

characteristics within each of the lati%ments
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Thus the mean value for a zone, V, of a characteristic is given
by the equation :

n
V=— v )

n
1 1 S T2
o= _’1-‘ZUI.2+7Z(V,~—V) .. (2)

where

V; is the monthly mean value of the characteristic at the
i-th grid point;

o; is the standard deviation at the i-th grid point;

n is the number of grid points within the region of averag-
ing; for each latitude circle, n = 36.

For each isobaric surface the mean values of the zonal and
meridional components of the wind and the values of the scalar
mean wind speed were calculated from equation (1), and the
standard deviations of the components from equation (2). Then
each of the wind characteristics was plotted as a function of
the geopotential altitude H, using the mean value of H for each
isobaric surface. The values interpolated from these plots for
the required values of H were used in constructing the tables.

3 Wind models

Taking into account the features of the atmospheric circulation
over the northern hemisphere, namely the presence of long
waves within certain latitude zones and the existence of jet
streams in certain locations, the wind fields may be represented
by the following models :

a) For latitude zones; in addition, within each latitude zone
data derived from actual observations are given for two
selected stations, one with very strong winds and the other
with very light winds (tables 1, 2, 3; figures 1 to 4).

b) For meridional cross-sections (tables 4, 5; figures 5to 8)
supplement the models and illustrate the giobal circulation
over the northern hemisphere.

Specifically, models are presented for the following latitude
zones and meridians :

1) tropical zone, 0 — 20° N {zone of the trade-wind cir-
culation and easterly jet streams in the near-equatorial
upper troposphere and stratosphere);

2) sub-tropical zone, 20 — 40° N {region of the strong
westerly sub-tropical jet stream (at altitudes of 10 to
13 km);

3) temperate zone, 40 — 60° N (zone of strong cyc-
lonic activity and maximum horizontal turbulent
exchange);

4) polar zone, 60 — 80° N (zone of the polar-night
stratospheric westerly jet stream of winter);

5) meridional cross-section along 140° E : this illustra-
tes the circulation near the east Asian coastline of the
Pacific Ocean, where the sub-tropical jet stream reaches
its maximum intensity;

6) meridional cross-section along 80° E : this illustrates
the circulation over the Siberian anticyclone in winter,
the jet streams over Tibet, the monsoon circulation over
India and the easterly jet stream over the northern parts
of the Indian Ocean;

7) meridional cross-section along 20° E : the meridian
crosses eastern Europe and central Africa, and the cross-
section is characteristic of the area of cyclonic activity
over Europe and the Mediterranean and of the sub-
tropical jet stream over northern Africa;

8) meridional cross-section along 80° W : the meridian
crosses the eastern regions of North America and the
Caribbean Sea, and the profile illustrates the jet streams
over the western Atlantic.

The values of the quantities describing the wind fields, ob-
tained for the altitude range 0 to 25 km from actual observa-
tions and by estimation using the circular normal distribution,
are presented for the above models for January and July.

The following quantities were obtained from the actual obser-
vations :

— mean zonal component of the wind, I_/x, and mean
meridional component of the wind, V),

— vector mean wind, I_/',, magnitude of the vector mean
wind, V,, and direction of the vector mean wind, g;
the scalar mean wind speed, V,;

— standard deviation of the vector mean wind, o,
— maximum wind speed observed once in ten years, V.

The speeds equalled or exceeded on 1, 10, 20, 80, 90 and 99 %
of occasions were calculated using the circular normal distribu-
tion. The scalar mean wind speed, ¥, for each zone was both
obtained from the actual observations, ¥, and calculated

using the law of circular normal distribution, V..

For four meridional sections the mean speed V, is given only
based on actual observations — V.

4 Calculation of wind characteristics by use
of the circular normal distribution

Wind is a vector. In a sample of a large number of winds
observed over a long period of time, each individual vector is a
stochastic, or random, value, and for estimating wind distribu-
tions, probability theory may be used. For th

Doctiments
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characteristics, the circular normal distribution may be used,
the probability density, f{v), being given by the equation :

2vV,

2v —
Flv) =Le-w2+ P/ x I
a? ?

where :
v is the wind speed;

V, is the magnitude of the vector mean wind;

o, is the standard deviation of the vector mean wind;

I,{x) is the zero-order Bessel function of imaginary argu-
ment.

The circular normal distribution law may be regarded as valid
for the four latitude zones, since 0, = g, = o,/ \/2, taking into

account that g, = +/ oZ + a3, with an accuracy acceptable for
most practical purposes. In addition, for caiculating the mean
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characteristics for latitude zones above 20° N, where V, does
not exceed 6 % of V,, and the absolute vaiue is not more than
1 m/s, itis assumed that ¥, = 0, so that ¥, = || = | V,|. This
allows the basic parameters of the distribution for zones 20 —
40°, 40 — 60° and 60 — 80° N to be determined by V, and o,
only.

The values of wind speed which are likely to be equalled or
exceeded on 1, 10, 20, 80, 90 and 99 % of occasions may be
estimated from equation (3). The expected scalar mean speed,

Vs is given by equation (4) (mathematical expectation) :

Voo = §0 Sy vdv . ... ()

The analysis of the scalar mean speed derived from observa-
tions, and calculated from the circular normal distribution for
each zone confirms that the circular normai distribution may be
used to calculate the values of wind speed with an accuracy
sufficient for most practical purposes.
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Table 1 — Parameters of the observed wind distribution in selected latitude zones, and calculated values of the scalar
mean wind speed and of high and low percentile values of wind speed, in metres per second (continued)

20 — 40° N, January

8
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Geopotential Actual observations Based on circular normal law of distribution
altitude H, — - — 1% 10 % 20 %
km Vi Vea I Ymax | Yse Tiow T high | tow | high | low | high
0 1.0 6,4 5,6 — 5,1 - - - —~ — —
1 1.8 8,6 9,4 - 8,6 1,0 20,0 2,5 15,0 4,5 1,7
2 4,7 10,0 10,4 — 10,3 1,0 24,4 3,56 17,6 55 14,5
3 8,0 11,8 11,6 70 12,6 1.0 29,2 45 20,8 6,7 17,6
4 10,56 14,2 13,1 72 15,8 1.3 34,0 6,0 24,5 8,1 21,0
5 13,2 17,0 15,0 76 17,3 1,6 39,6 7.0 28,8 9,8 25,0
6 16,0 20,6 17,0 84 21,8 2,2 46,0 8,5 33,7 12,0 29,5
7 18,8 24,2 19,2 102 24,7 28 53,6 10,2 39,6 14,7 35,0
8 21,5 27,0 21,3 124 28,1 3,7 62,5 12,2 47,0 17,6 41,0
9 24,3 295 22,7 140 31,86 4,4 70,0 13,8 53,8 19,7 45,5
10 26,8 31,6 23,4 142 34,6 4,7 72,5 15,0 55,7 21,0 48,0
" 28,7 33,2 23,4 132 35,6 5,0 72,2 15,7 55,5 21,7 48,0
12 29,7 34,0 22,8 124 36,1 5,0 70,0 16,0 54,0 22,0 47,0
13 28,5 33,0 21,5 118 32,9 4,9 64,0 15,6 51,3 21,2 4.7
14 26,5 311 19,9 112 29,6 4,7 58,5 14,7 47,7 20,0 41,6
15 24,3 28,4 17,8 107 26,6 4,5 53,0 13,4 43,5 18,2 38,0
16 21,8 25,0 15,7 102 24,7 4,0 48,3 11,56 38,7 15,7 33,6
17 18,1 21,0 14,0 96 21,4 36 43,2 9,3 33,56 12,8 29,0
18 14,2 17,2 12,8 83 18,0 2,5 38,56 7.3 28,0 10,2 245
19 10,4 13,6 11,6 80 14,7 1,8 338 5,6 23,5 8,0 20,6
20 7,0 11,1 10,9 73 11,9 1.3 29,4 4,5 20,3 6,2 17,3
21 5,3 10,0 10,6 68 10,8 1.0 26,2 4,0 18,6 54 15,7
22 4,4 9,6 10,8 65 10,6 1,0 25,4 38 18,2 5,4 15,2
23 3,5 9,4 1.1 62 10,6 1,0 25,0 38 18,0 5,6 15,0
24 2,9 9,6 11,6 60 10,8 1,0 25,0 4,1 18,0 6,1 15,0
25 23 9,8 12,4 60 1,3 1.4 25,0 4.5 18,3 8,7 15,0
Documents
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Table 1 — Parameters of the observed wind distribution in selected latitude zones, and calculated values of the scalar
mean wind speed and of high and low percentile values of wind speed, in metres per second {continued)

20 — 40° N, July

Geopotential Actual observations Based on circular normal law of distribution
altitude H, — — — 1% 10 % 20 %
km Vx Vea 9% | vmac | Ve [Ti00 T high | tow | high | tow | high
0 - 03 4,9 5,0 — 4,5 — — — — — -
1 0,5 6,9 7.4 — 6,7 1,0 15,5 2,2 1,7 4,0 9,8
2 0,9 7,2 7.8 - 71 1,0 16,5 2,5 12,2 4,0 10,3
3 1,4 7,5 8,1 61 7.4 1,0 17,7 ' 2,8 12,7 4,0 10,8
4 21 8,0 8,4 58 7.7 1,0 18,8 3,0 13,5 4,3 11.3
5 2,7 8,5 8,7 58 8,2 1,0 19,8 3,0 14,0 4,5 1,7
6 3.3 9,3 9,2 62 8,7 1,0 21,2 3,1 15,0 5,0 12,3
7 4,5 10,3 9,8 70 9,5 1,0 23,5 3,56 16,8 54 13,7
8 5,6 11,6 10,8 79 10,6 1,0 26,5 4,0 19,0 59 15,6
9 6,6 13,0 12,1 87 12,2 1,0 29,7 45 21,3 6,5 17,6
10 7.3 14,3 13,7 93 13,8 1,2 33,0 5,0 23,6 7.2 19,5
" 7,8 15,2 15,6 96 15,7 1,5 36,2 55 25,8 85 21,8
12 8,0 15,7 16,5 92 16,7 1,8 38,6 6,0 27,8 9,0 23,6
13 73 15,5 16,4 83 16,1 1,6 38,5 5,7 27,3 85 235
14 5,3 14,3 15,3 87 14,4 1,5 34,5 5,0 24,0 7.3 20,0
15 3,0 12,8 14,0 89 12,8 1,2 30,3 4,5 20,7 6,0 17,0
16 0.8 11,8 12,4 91 11,2 1,0 26,5 4,3 18,0 52 14,7
17 - 18 11,6 10,7 88 9,8 1,0 23,2 42 16,7 5,0 13,8
18 - 44 11,9 9,4 79 89 1,1 2,4 4,5 16,5 5,6 14,0
19 - 6,7 12,4 8,4 70 8,6 1,3 22,5 4,7 16,7 6,2 14,4
20 - 88 13,0 7.8 64 8,8 1,5 23,0 5,2 17,2 7.0 15,0
21 -10,5 13,7 7,5 60 84 2,0 24,0 6.0 18,0 8,5 16,0
22 -11,9 14,7 7,6 62 10,56 2,3 25,5 6,7 19,3 9,0 17,2
23 -131 15,7 7.8 65 11,1 2,6 27,0 7.7 21,0 10,0 18,9
24 -143 16,9 82 69 12,2 3,0 28,7 8,9 22,6 11,0 20,7
25 -15,4 18,2 88 74 13,1 32 30,5 10,2 24,5 12,0 2,5
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Table 1 — Parameters of the observéd wind distribution in selected latitude zones, and calculated values of the scalar

mean wind speed and of high and low percentile values of wind speed, in metres per second (continued)

40 — 60° N, January

10
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Geopotential Actual observations Based on circular normal law of distribution
altitude H, _ — _ 1% 10 % 20 %
km Ve Vea It Ymax | Yso [Tiow | wigh | tow | high | fow | high
0 1,2 6,2 8,9 - 8,2 - - - — - -
1 3,4 10,2 11,8 - 10,8 1,0 26,0 4,0 18,5 6,0 15,2
2 5,3 11,5 12,7 — 12,5 1,0 28,8 4,3 20,5 6,5 17,2
3 7.1 13,2 13,8 77 14,2 1,0 32,3 5,0 23,0 7,2 19,5
4 8,8 15,1 15,4 88 16,0 1,5 36,5 5,7 26,4 8,1 22,3
5 10,2 17,2 17,2 97 18,0 2,0 41,5 6,7 30,4 9,5 25,5
8 11,8 19,5 19,3 101 20,2 2,3 47,4 7,5 345 10,8 29,5
7 12,7 21,8 21,2 102 22,2 2,6 53,0 8,3 38,0 12,3 32,5
8 14,0 23,7 230 101 241 3,0 57,5 8,7 40,8 13,5 35,0
9 15,1 248 23,8 99 25,2 3,0 59,0 9,1 42,0 14,0 36,0
10 16,2 24,5 22,2 98 24,0 3,0 57,5 9,4 41,2 14,0 35,3
11 17,0 23,9 20,7 100 23,9 3,0 55,3 9,2 39,7 13,5 34,5
12 17,4 23,1 19,4 99 239 3,0 62,7 9,0 38,0 12,7 33,56
13 17,86 223 18,1 96 23,8 3,2 50,3 9,2 371 12,5 32,5
14 17,6 21,4 17,0 93 23,5 3,2 48,0 9,3 35,2 12,4 31,3
15 17,3 20,6 16,1 91 234 3,1 45,7 9,2 34,0 12,3 30,1
16 16,7 19,9 15,3 89 21 3,0 44,0 9,0 33,0 12,0 28,7
17 16,0 19,4 14,8 88 20,7 2,5 43,0 8,6 32,3 11,5 27,7
18 15,5 19,0 14,6 89 20,1 2,3 42,5 8,2 31,8 11,2 27,0
19 15,0 18,9 14,9 90 19,7 2,0 42,5 8,0 31,5 11,0 26,8
120 14,6 19,0 15,5 9 17,6 2,0 42,8 8,0 32,0 11,0 27,0
21 14,5 19,5 16,5 93 20,0 2,2 44,4 8,1 32,7 11,0 27,5
2 14,7 20,3 17,5 96 20,7 25 46,7 8,4 34,4 11,2 29,0
23 15,1 21,4 18,9 99 22,0 2,8 49,5 8,8 36,2 11,6 31,0
24 15,6 23,0 20,4 103 23,0 3.3 52,5 9,2 38,3 12,2 33,0
25 16,1 2438 2.2 107 24,0 3.8 55,5 9,7 40,5 12,8 35,5
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Table 1 — Parameters of the observed wind distribution in selected latitude zones, and calculated values of the scalar
mean wind speed and of high and low percentile values of wind speed, in metres per second (continued}

40 — 60° N, July

Actual observations Based on circular normal law of distribution

Geopotential
altitude H, _ _ — 1% 10 % 20 %

km Vs Va I Ymax | Ve 00T high | dow | high | low | high

0 0,8 45 6,0 - 55 - - - - - -
1 1,8 7,5 8,4 - 7.6 1,0 18,5 3,0 13,5 36 10,5
2 2,9 8,0 8,9 — 8,4 1,0 19,5 3,0 14,5 4,2 11,4
3 4,1 8,9 9,5 70 9,3 0,9 20,8 ’3,0 15,9 5,0 12,7
4 53 | 10,0 10,2 69 10,4 0,8 23,2 37 17,5 57 14,4
5 65 | 11,4 1,1 69 11,5 08 26,5 45 19,5 6,5 16,4
6 78 | 131 12,6 70 13,3 1,0 31,5 5,0 21,8 7.3 18,5
7 90 | 154 14,4 73 15,0 1,2 36,7 5,5 25,0 82 | 212
8 105 | 175 16,2 76 16,8 1,5 41,3 6,0 28,5 93 | 240
9 1,5 | 19,0 17,9 79 18,9 1,9 45,0 6,5 31,5 10,4 | 266
10 127 { 200 18,8 82 20,6 2,0 47,0 75 18 115 | 285
1 136 | 203 18,8 83 21,3 2,0 47,5 8,0 34,5 120 | 29,4
12 143 | 203 18,1 81 20,9 2,0 47,0 8,0 33,8 11,9 | 290
13 14,0 | 18,0 16,5 80 21,4 1,7 435 7,2 31,5 105 | 27,0
14 120 | 15,0 14,2 83 18,9 15 37,2 6,3 27,0 88 | 228
15 90 | 120 12,0 86 14,8 1,2 31,0 5,4 22,0 7.2 18,5
16 6,0 9,8 10,2 89 11,0 1,1 25,5 4,5 18,5 58 15,5
17 4,0 8,4 9,0 88 8,9 1,0 21,5 37 16,0 47 13,2
18 2,2 7.8 8,2 79 7,6 1,0 19,2 3,3 14,4 43 11,8
19 0,1 7.2 7.6 70 6,8 1,0 17,6 3,0 13,3 4,0 10,7
20 -18 6.8 7,2 63 6,7 1,0 16,8 3,0 12,6 4,0 10,1
21 -3, 6.8 7.2 60 7.2 1,0 16,8 3,0 12,0 4,0 10,0
2 -45 7.2 7.3 62 7,9 1,0 17,5 3,1 12,5 43 10,7
23 -55 7.8 7.4 66 8,6 1,0 18,5 3,4 13,5 45 11,5
24 -6,5 8,9 7.4 68 8,9 1,0 19,6 3,8 14,5 4,9 12,5
25 -72 | 104 7,5 72 8,6 1,0 21,0 4,2 15,8 5,5 14,0
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Table 1 — Parameters of the observed wind distribution in selected latitude zones, and calculated values of the scalar
mean wind speed and of high and low percentile values of wind speed, in metres per second (continued)

60 — 80° N, January

Geopotential Actual observations Based on circular normal law of distribution
altitude H, — — — 1% 10 % 20 %
km V Vea Or Ymax | Vee Tl T high | tow | high | tow | high
0 0,0 5,3 7,3 - 6,8 - - - - — -
1 1,6 838 10,3 - 9,4 1,0 22,5 3,0 15,5 5,0 13,8
2 25 10,6 1.4 - 10,4 1,0 245 35 17,2 5,3 14,6
3 3,5 12,2 12,6 84 11,6 1,0 27,5 4,2 19,5 6,0 16,5
4 4.8 13,8 14,3 93 13,5 1,4 31,4 5,0 23,0 7,0 19,0
5 5,7 15,2 16,4 100 15,5 1,8 36,0 58 26,5 7.8 21,6
6 6,3 16,6 18,1 102 17,0 2,0 39,8 6,5 29,0 8,2 24,0
7 6,9 17,8 19,6 101 18,5 2,0 43,0 6,8 31,0 9,4 26,0
8 7,5 19,0 20,5 100 19,4 2,0 45,3 7,0 32,6 9,8 27,5
9 8,0 19,0 20,0 9 19,3 2,0 45,4 7.0 323 10,0 27,3
10 8,7 17,8 18,7 98 18,5 2,0 43,5 7,0 31,0 9,7 26,0
1" 9,4 17,0 17,6 100 18,1 2,0 42,4 7,0 30,2 9,0 25,1
12 10,1 17,0 16,9 102 17,7 2,0 41,8 6,9 30,0 9,2 25,0
13 10,9 17,2 16,5 102 18,0 2,0 4,7 6,8 30,3 9,7 25,1
14 1,9 17,8 16,3 102 18,4 2,0 41,8 6,9 30,8 10,2 25,5
15 12,9 18,6 16,4 101 18,7 2,0 42,5 7,0 31,5 10,6 26,5
16 14,0 19,6 16,7 98 19,4 2,1 4,0 7,3 32,7 11,3 27,5
17 15,5 21,0 17,3 94 20,9 2,3 46,0 8,0 34,3 12,0 28,8
18 17,0 26 18,0 91 222 2,5 43,8 8,6 36,5 13,0 30,5
19 18,7 24,4 19,0 90 23,8 2,7 52,4 9,5 39,0 14,0 33,0
20 20,5 26,4 20,3 94 25,8 3,0 56,5 10,4 42,0 15,4 36,0
21 2,5 28,6 2,2 99 28,8 34 61,3 1,3 46,0 16,5 39,2
22 244 31,0 24,0 106 31,1 3,7 67,0 12,2 50,0 18,0 43,0
23 26,0 34,0 26,0 112 32,6 4,1 72,8 13,3 54,5 19,5 47,5
24 27,5 37,0 28,0 19 34,0 4,5 79,4 14,3 59,5 21,0 52,0
25 288 40,4 30,0 126 35,0 5,0 86,0 15,5 65,0 25 57,0
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Table 1 — Parameters of the observed wind distribution in selected latitude zones, and calculated values of the scalar
mean wind speed and of high and low percentile vaiues of wind speed, in metres per second (concluded)

60 — 80° N, July

Geopotential Actual observations Based on circular normal law of distribution
altitude H, _ _ _ 1% 10 % 20 %

km Vx Voo O Vmax Vs low | high | tow | high | tow | high

0 0,2 4,4 5,0 - 46 - - - - - -
1 0,6 6,8 7,6 — 7.1 1,0 16,0 3,0 11,3 3,7 9,5
2 1,6 7,5 8,4 - 7.6 1,0 18,5 3,0 13,1 4,5 10,6
3 2,4 8,4 9,3 61 8,6 1,0 21,0 ’ 3.1 15,0 5,0 12,1
4 3,0 9,5 10,5 64 9.8 1,0 23,5 34 17,0 5,3 14,0
5 3,6 10,8 11,6 67 1,1 1,0 26,0 3,7 19,0 57 16,0
6 4,5 12,3 13,7 74 12,9 1,0 28,5 41 21,5 6,3 18,5
7 53 14,0 15,9 85 15,0 1,2 32,5 4,7 24,4 7,0 21,5
8 6,1 15,9 17,7 99 16,7 1,6 37,5 53 27,9 8,0 24,0
9 6,6 171 18,6 108 17,6 2,0 41,0 5,9 30,0 88 25,0
10 6,7 16,7 17,9 107 17,0 1,6 39,6 5,7 275 8,4 23,2
M 6,5 14,9 15,6 9% 16,2 1,2 35,5 5,5 23,6 7,5 20,2
12 6,0 12,3 12,5 83 12,4 1.0 29,2 4,7 20,6 6,7 17,5
13 5,2 10,3 10,5 76 10,5 1,0 25,0 40 18,0 5,7 15,2
14 4,3 8,7 8,9 71 8,9 1,0 21,5 35 15,5 4,7 13,0
15 3.4 7,3 7,8 65 7,7 1,0 18,5 2,7 13,5 4,0 11,3
16 2,5 6,3 7,0 61 6,8 1.0 15,8 2,2 11,7 3,2 9,6
17 1,5 5,6 6,4 59 5,9 1,0 14,1 2,0 10,4 2,7 8,5
18 0,6 52 5,9 58 53 1,0 13,0 2,0 9,5 2,6 7,6
19 -0,3 4,9 5,6 60 5,1 1,0 12,4 1,9 9,1 2,6 7.1
20 -1.3 48 53 60 4,9 1,0 12,0 1.8 9,0 2,7 6,9
21 -2,2 4,8 5,2 60 52 1,0 12,0 2,0 9,0 3,0 7,0
22 -3,0 5,1 5,0 57 53 1,0 12,3 2,0 9.1 3,0 7.4
23 -36 55 5,0 54 5,6 1,0 12,9 2,0 9,4 3,0 7,9
24 -4,3 6,1 5,0 50 5,9 1,0 13,6 2,0 9,6 3,0 8,5
25 -4.8 6,9 5,1 47 6,0 1,0 14,5 2,0 10,0 3,0 9,3
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Table 2 — Parameters of the observed wind distributions at four stations with strong winds, m/s
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January
Station g"‘ l—/s I—/x I_/y Vmax g, ay
Surface 3,2 -1,0 -15 - - -
2 5,7 -15 -02 48 5,8 4,0
4 7,0 2,3 1,3 50 6,3 5,2
é 6 10,5 7,4 2,3 30 6,3 6,3
I 8 17,9 15,2 3,1 52 76 8,0
<
2 10 25,3 2,8 3,2 72 9,8 10,1
5 § 12 33,0 30,4 1,6 72 12,4 11,4
] ri 14 283 26,0 2,4 67 1,7 10,9
z 16 20,7 18,5 3,4 58 10,0 9,0
g 18 14,2 10,9 2,4 45 9,5 6,8
< 2 9,9 32 1,0 31 9,4 5,2
2 9,2 -1,0 0,5 2 9,6 48
24 10,7 -2,0 0,5 20 10,3 58
25 11,6 -2,2 ~0,5 19 10,8 6,6
Surface 6,5 0,5 -3,1 - - _
2 13,4 1,2 -34 31 6,4 6,7
4 23,6 2,4 -1,1 52 8,3 7,4
§ 6 35,5 33,6 0,9 72 10,9 9,1
Z 8 57,4 53,6 48 13 13,5 12,8
w 10 70,0 68,2 9,0 124 15,5 15,2
28
é i 12 67,4 65,2 10,6 99 16,6 14,3
§ i 14 59,6 57,2 93 104 15,3 11,6
¥ ~<
z 16 47,2 45,6 6,2 102 13,3 8,2
g 18 29,0 26,0 3,2 84 11,0 6,9
; 20 13,6 11,0 1,8 62 9,4 6,4
2 10,5 3,6 0,9 52 10,0 5,8
24 9,3 -08 0,4 48 11,4 5,1
25 9,0 ~2.4 0,4 46 12,4 48
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Table 2 — Parameters of the observed wind distributions at four stations with strong winds, m/s (concluded'}

January

Station ka v, v, I_/y Vmax g, o,

Surface 3,7 3,3 -1,6 - - -

2 15,8 12,0 -2 4 8.4 9,5

4 23,3 19,5 -0,5 55 11,4 12,0

E 6 310 26,5 0,0 74 15,2 15,6

< 8 38,1 238 0,1 89 18,8 185

2 10 42,8 38,3 -0,1 92 19,2 18,8
x5

><‘§ :’,3 12 39,8 36,2 0,2 82 16,4 16,3

N 1 33,5 32,1 0.2 69 12,9 125

; 16 27,4 26,0 0,1 55 95 8,6

§ 18 21,2 20,4 08 42 7,5 5,3

; 20 14,8 14,4 1,5 37 67 37

2 13,1 12,3 2,2 37 7.1 3,6

24 13,3 12,5 2,8 40 8,1 48

2 13,7 12,8 3,1 41 88 5,6

Surface 8,5 1,2 -2,0 — - -

2 12,1 4,2 -0,1 48 9,1 10,3

4 14,6 7.1 -1,0 76 11,3 117

£ 6 19,2 9,9 -28 94 14,0 14,7

z 8 24,0 13,2 -4,7 94 17,2 17,9

2 10 23,5 14,3 -4,6 95 18,3 17,9
§Q

Ep 12 2,8 15,6 -4,2 95 16,4 16,5

E . 14 24,2 18,5 —47 % 15,6 15,6

” f 16 25,8 19,8 -52 87 16,1 14,4

g 18 26,8 19,5 -4,0 74 18,4 12,3

g 20 27,2 18,3 -2,0 69 21,3 9,5

22 - — — - — -

24 - - - - - -

25 - - - - _ -
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Table 3 — Parameters of ‘the observed wind distributions at four stations with light winds, m/s
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January
Station fr['; l_/s I_/x I_/y Vmax O, oy
Surface 6,2 -5,0 -3,0 — - -
2 8,8 -75 -0,6 4 438 3,9
4 7.8 -5,7 0,4 34 5,0 4,4
£
- 6 7.8 -5,0 1,8 27 4,9 4,8
. 8 6,9 -3,4 1,6 24 5,2 45
-~
w 10 6,3 -1,5 1,3 24 5,5 45
3
% 12 7,3 0,0 3,9 27 5,2 5,1
g3
@ 14 8,2 -23 5,0 58 5,2 5,7
~
z 16 9,2 -5,0 5,2 73 5,3 5,9
3
X 18 8,2 -4,0 3,1 63 5.6 4,6
. 20 63 ~15 05 a8 6.1 3,1
2 71 -3,1 0,1 39 71 2,6
24 9,3 -6,5 0,2 K<) 8,6 2,9
25 10,3 -8,1 0,3 30 9,6 3,1
Surface 1,9 0,3 0,1 — — —
2 7.5 -0,2 -4,7 29 4,6 5,5
4 8,8 -0,4 -32 30 6,6 6,8
g 6 10,6 0,0 ~23 36 8,5 8,4
I 8 11,8 0,4 ~0,6 40 10,4 9,5
-~
w 10 11,0 1,3 0,5 40 9,8 8.4
3
c B 12 9,6 3,5 1,4 38 8,3 6,6
s
< 14 1,2 5,7 2.9 4 8,6 6.8
r<
= 16 13,0 7.6 4,8 50 9,3 7,2
N
% 18 15,0 8.4 6,9 50 10,3 7,7
l.', 20 17,0 8,6 9,3 48 11,5 8,5
2 19,3 9,6 10,8 51 13,3 9,9
24 22,8 12,9 11,6 60 16,0 11,6
25 25,0 15,2 11,9 66 17,8 12,5
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Table 3 — Parameters of the observed wind distributions at four stations with light winds, m/s (concluded)

July
Station IIZn l_/'s I7x I—/y Vmax ay ay,
Surface - - - - - -
2 8,2 2,8 -6,0 30 43 5,8
4 6,8 - 07 -1,6 33 5,3 5,6
c 6 6,8 - 34 -0.4 31 5,3 5,5
N
i 8 7,2 - 46 -0,4 40 55 43
=
w 10 8,1 - 59 -0,3 46 6,1 45
o &
e 2 12 9,9 - 77 0,7 47 6,6 4,9
©
L
3~ 14 13,0 ~10,9 1,6 49 7,2 5,6
i 16 16,5 149 2,1 53 7.6 6,4
g 18 18,2 -16.4 1,6 57 7,5 7,0
1]
s 20 18,3 -16,4 0,3 58 6,6 7,4
2 18,8 -16,9 0,1 51 6,1 6,9
24 20,3 -18,9 0,3 32 6,1 57
25 21,1 -19,9 0,4 26 6,1 5,0
Surface 4,1 - 03 -1,0 - - —
2 6,0 1,0 0,3 31 4,9 5,3
4 8,1 1,9 0,9 43 6,1 7.0
£ 6 10,2 2,6 1,3 47 8,0 8,3
(=]
_i 8 12,3 3,0 1,3 46 10,6 9,7
2 10 11,2 3,1 11 37 8,8 9,0
]
© 2 12 7,3 2,7 0,9 25 5,4 5,9
- 3
2 il
Sl 14 5,2 1,6 0,7 18 a1 43
z 16 4,0 0,5 0,4 12 33 3,4
&
?\: 18 3,6 - 05 0,4 9 2,8 3,1
\
s 20 3,8 - 16 0,4 9 2,6 2,9
22 4,4 - 27 0,5 1 2,7 2,9
24 5,5 — 41 0,4 15 32 3,0
25 6,1 - 49 0,3 17 3,4 3,0
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Table 4 — Parameters of the observed wind distributions at selected meridians

140° E, January

Geopotential @ = 0° @ = 10° @ = 20° @ = 30° @ = 40°
altitude H, — — _ — — — — — — —
km Vo' T 0™ ar |V T 0 o |V Vi 0™ of |V V' 0™ o |V V' 6 ot
0 30 18 351 - 5 37 59 — 67 53 80 - 80 37 305 - - 36 304 -
1 57 15 53 74| 8 65 79 62| 70 32 49 64|107 75 278 84|10 73 28 93
2 73 24 8 701|100 75 84 64| 73 12 340 701|141 120 2N 92 1135 108 281 107
3 80 32 9 66| 98 64 8 67| 8 44 274 76|18 170 269 100 | 170 137 280 121
4 8 38 92 66| 97 66 8 72110 8 266 91255 238 267 113|210 173 275 141
5 78 4 93 66| 95 71 93 77142 116 263 108 | 322 309 266 125 | 248 209 272 161
6 80 52 93 66 92 74 96 81 {177 149 261 123 | 39 374 265 139|282 246 270 177
7 89 67 95 65| 92 72 99 81 |201 166 261 126 | 464 434 264 156 | 310 283 268 19N
8 98 81 96 65| 9 68 102 80227 183 260 129 | 530 495 263 174 | 343 322 266 205
9 108 95 96 65| 8 65 104 80252 200 260 131|600 555 262 191 | 376 354 265 214
10 118 106 98 63| 88 63 109 81 [280 219 259 134 | 640 586 262 205 | 396 366 264 208
1 130 107 104 79| 8 66 118 8 | 300 240 259 137 | 650 600 262 218 | 404 378 263 202
12 141 108 109 90 | 9 71 125 90 [ 306 261 259 140 | 638 616 262 231|390 374 263 192
13 150 111 108 94 | 92 78 125 91 (285 256 258 137 | 588 572 262 214 | 372 359 263 179
14 155 113 104 95 [ 100 86 121 90 | 266 231 256 129 [ 540 524 262 194 | 354 343 263 166
15 160 115 101 9 | 110 95 118 83 | 228 208 255 122|490 475 261 175|336 328 263 183
16 158 119 97 95 1125 103 115 86 | 200 183 252 114 | 440 427 261 155 | 317 310 263 141
17 150 111 95 97 (130 99 113 8 (170 153 250 108 [ 380 363 261 143 | 278 265 261 139
18 138 89 95 100|120 77 114 86 | 138 116 249 104 | 310 291 260 133 (240 222 289 137
19 127 68 96 104 | 98 55 113 86 [ 108 78 246 100} 243 219 253 124 | 200 178 256 136
20 116 47 9% 107 | 8 34 114 8 | 78 40 237 966|175 146 257 115|162 135 251 134
21 108 42 95 M 82 28 107 88 56 16 200 93] 123 91 252 108 | 133 106 246 133
22 108 58 94 115 | 84 47 97 9| B0 16 134 894|106 56 247 105|121 85 240 133
23 M4 74 94 119 92 66 93 100 52 30 105 8 | 9% 24 225 101 | 111 66 232 134
24 122 90 93 124 (102 8 92 106 ) 58 46 95 82, 9% 21 124 97 | 107 43 217 134
25 134 106 93 128 (116 105 9 112} 68 6 9 79| 90 52 97 94105 38 190 134

* The I7$a, I_/, and g, in metres per second, are muitiplied by 10.

** The © values are given in degrees.
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