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UPPER WINDS OVER THE WORLD

INTRODUCTION

An earlier Memoir1 * presented the distribution and variability of upper winds over the world 
principally by means of seasonal charts of the average heights (contour charts) of selected isobaric 
surfaces from 700 to 130 millibars and corresponding charts of the standard vector deviation of 
wind. These charts were necessarily based on data obtained when the network of upper air 
observing stations was extremely sparse in many parts of the world, and though all the available 
data were used, the charts were largely built up from values estimated either statistically or by 
extrapolation. It was realized at the time of publication that these charts would in due course 
need revision. By about 1953 the increasing volume of upper air data made a realistic revision 
feasible, of which the present Memoir, incorporating revised and extended charts, is the outcome. 
The work was at first under the supervision of Miss E. E. Austin, later under J. K. Bannon. The 
preparation of the various sets of charts was carried out primarily as follows: Contours of isobaric 
surfaces by H. Heastie, assisted later by R. A. Ebdon; streamlines and isotachs by H. Heastie 
and P. M. Stephenson ; meridional cross-sections by P. M. Stephenson. The important and 
arduous work of assembling and sifting the data from many sources with diverse methods of 
presentation was carried out by many members of the staff, present and past, of the world 
climatological section of the Meteorological Office.

The charts of Geophysical Memoirs No. 85l were drawn separately for the four seasons, each 
of three months. However, changes within a season are often considerable and, to avoid the 
difficulty of maintaining proper weighting for all areas of the charts for each month of a season, 
the charts in this Memoir are for the mid-season months only, that is January, April, July and 
October. In some other respects also the charts of the present Memoir differ from the earlier 
ones. 1 They are as far as possible based on data obtained during a fixed period rather than a 
period varied to include earlier years in certain areas where data were otherwise scanty, thus 
reducing the errors arising from heterogeneity of the data. The five-year period 1949-53 was 
chosen mainly because January 1949 marked the beginnings of both the regular dissemination 
on a world-wide basis of monthly mean upper air data (CLIMAT TEMP messages2), and the publica­ 
tion in Western Germany of monthly mean 500-millibar contour charts3 for a large part of the 
northern hemisphere. The charts in Geophysical Memoirs No. 85 l are on Mercator's projection 
and therefore do not cover the polar regions. In view however of the increasing importance of 
the north polar regions for aviation as well as the increased amount of data available, separate 
sets of charts are included in this Memoir for the circumpolar region north of latitude 55°N. 
The streamline-isotach charts which in Geophysical Memoirs No. 85 l covered the tropical regions 
only have been extended over the whole area from 90°N to approximately 60"S. It has been 
possible to extend the work to a somewhat higher level so that the charts for 130 millibars have 
been replaced by separate sets for each of the levels 150 and 100 millibars. A series of vertical 
cross-sections showing the distribution with pressure (height) and latitude of the monthly 
means of potential temperature and zonal component of wind have been added.

It was shown in the earlier Memoir1 that the two parameters required for the estimation of 
the probable wind at any given place are the vector mean and standard vector deviation of wind. 
For latitudes outside the tropics the vector mean wind can be obtained by the geostrophic relation

* The index numbers refer to the bibliography on p. 17.
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103 4 H. HEASTIE AND P. M. STEPHENSON

from charts of contours of absolute topography of pressure. Since the dynamical equations of 
atmospheric motion are non-linear, the mean motion cannot be deduced exactly from the mean 
pressure distribution. Crossley4 has deduced that the use of the geostrophic relation on the charts 
of mean contours requires a correction but this is not likely to exceed 3 knots. The uncertainty 
in reading the contours is greater than this and so the geostrophic wind measured from the mean 
contours is a sufficiently accurate approximation to the vector mean wind.

As the equator is approached the reliability of the method decreases and in this work it is 
considered that the limiting latitudes for the use of the geostrophic relation are 30°N and 30°S. 
Charts of streamlines and isopleths of vector mean wind speed (isotachs) are necessary for 
displaying the required information within this latitude belt. Though only an alternative to 
the contour charts in higher latitudes, they are more convenient in use and for this reason they 
have in the present work been extended over the whole area 90°N to 60°S. The contour and 
streamline-isotach charts and cross-sections with explanatory text constitute Parts I and II of 
the Memoir.

The charts of standard vector deviation of wind and an explanation of their use will be 
presented in Part III, to be issued separately.

PART I—AVERAGE HEIGHT OF ISOBARIC SURFACES

§ 1—GENERAL DESCRIPTION

Mean contour charts for the levels 700, 500, 300, 200, 150 and 100 millibars for the months of 
January, April, July and October are reproduced in Figures 2 to 49. For each month there is 
one set of charts on Mercator's projection and a set of corresponding charts for the north polar 
regions drawn on circumpolar base maps extending to 55°N. On the Mercator charts drawing 
of the contours has not been attempted beyond about 60°S because of the lack of data. In general 
the charts are based on data for the period 1949-53. The contours are drawn at intervals of 
100 geopotential metres (gpm) for the most part ; a few mid-interval (50-gpm) contours are 
shown by broken lines where the normal 100-gpm contours do not represent the pattern adequately.

Appendix III contains average contour heights in geopotential decametres at grid points (that 
is at intersections of selected latitude and longitude lines) for the charts shown in Figures 2 to 49.

§2—DATA
Sources and period of data.—The sources of the data used in constructing the charts are 

briefly outlined below and listed in Appendix I. They consist entirely of the results of upper air 
soundings by radio-sonde and radar wind-finding equipment.

Up to 200 millibars, CLIMAT TEMP reports were available for a large number of stations. 
These are special reports compiled at the end of each month and broadcast with the ordinary 
synoptic messages. They include the monthly mean heights and temperatures for certain standard 
isobaric surfaces. Particulars of these messages are to be found in the publications giving 
details of the synoptic transmissions of the various meteorological services, for example, 
Handbook of weather messages. 2 The data tabulations published by the United States Weather 
Bureau5 provided another main source. Data in manuscript form or on microfilm were supplied 
on request by the Directors of certain overseas meteorological services. Some gaps which 
remained were filled as far as possible from the daily charts prepared and synoptic data received 
in the Forecasting Division of the Meteorological Office, and from the published daily and monthly 
weather reports of other meteorological services. For ocean weather ships and land stations 
under Meteorological Office control the data were available in tabulated form from Hollerith
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punched cards. From this summary it will be seen that only unprocessed data were available 
for many stations, and the working up of the five-year mean values from these took a long time. 
For a few British controlled overseas stations wind data only were available, and these were used 
for guidance in drawing the mean contours.

As far as possible the period 1949-53 was strictly adhered to in selecting the data, but for 
some stations data were available for only part of this period. It was however necessary to use 
all the available data, irrespective of period, from stations in Antarctica as a guide to drawing 
the charts at their southern boundary.

Some indication of the reliability of the charts, as affected by the density of the observing 
network, is afforded by Figure 1. This shows the stations for which data were available for the 
Mercator charts. For the area north of 75°N on the circumpolar charts only about ten additional 
stations made observations, one at Cap Cheluiskin (Siberia), the others in northern Greenland 
and the Canadian archipelago.

Corrections applied to data.—As far as possible the data used were restricted to those observed 
during the hours of darkness in order to minimize errors due to the effect of solar radiation on 
the radio-sondes. However in high latitudes in summer, and in some areas at other seasons also, 
daylight observations only were available. Some of these observations, for example those of the 
United States of America, Finland and Denmark were corrected at source. Others were not so 
corrected, and it was not possible to apply corrections to them on a uniform system because of 
the differing types of radio-sonde used by the various meteorological services. For certain stations 
or groups of stations for which the type of sonde used and its radiation errors are known, the 
data were corrected or special procedures were adopted to minimize errors, as follows :

(i) Data from overseas stations using the British radio-sonde were corrected for radiation 
and lag from tables prepared by Scrase. 6

(ii) Some stations in Canada use the United States Weather Bureau type of radio-sonde 
but the observations are not corrected. The appropriate corrections, obtained from the 
relevant United States Weather Bureau publication7 were applied to the data during the 
process of preparation for this Memoir.

(iii) Other stations in Canada use the Canadian radio-sonde. Their data, uncorrected, 
were adjusted in the light of a paper by Henry8 , who has estimated the corrections necessary 
to bring the stations using the Canadian Instrument into agreement with those using the 
United States Weather Bureau instrument, the corrections to the latter being known. 
South African data, derived from observations with the Canadian instrument were adjusted 
in the same way.

(iv) Data for the U.S.S.R. were available only up to 300 millibars ; above this level the 
contour heights were computed using mean temperatures from an earlier Memoir by Goldie, 
Moore and Austin. 9 In the preparation of that Memoir uncorrected observations made in 
daylight and in darkness were used so that it is reasonable to suppose that the radiation 
error is halved. Guterman10 has discussed the radiation correction of the radio-sonde used 
in the U.S.S.R. and from his work it has been deduced that the maximum error in the 
100-millibar contour heights is less than 20 metres. For lower levels the error will of course 
be smaller. No attempt has been made to include this correction in Figures 2 to 49.

§3—METHOD OF CONSTRUCTING THE CIRCUMPOLAR CHARTS

General.—It was found necessary to draw a separate set of charts for each year because :
(i) The Russian data were very sparse ; some of the monthly means were based on few 

observations and very few stations were available with equal reliability for all five years. 
Hence the only way to make use of all available data was to consider each year separately.

(77363) A' 2
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(ii) Some of the CLIMAX data were obviously incorrect (possibly due to errors in trans­ 
mission) and could most easily be checked on a yearly basis.

(iii) At the upper levels, data were biased owing to loss of observations and, moreover 
the number of data (particularly at 100 millibars) increased steadily through the period 
1949-53.

Further, in drawing the individual charts, the area was divided into two sectors for which some­ 
what different procedures had to be adopted. For the first sector from 180°W to 20°E, comprising 
the eastern Pacific, North America, the North Atlantic and western Europe, the data were 
reasonably adequate for the straightforward drawing of the charts. For the remaining sector 
from 20°E to 180°E, comprising European and Asiatic Russia and the western Pacific, data were 
sparse and special procedures, described below, had to be adopted. The two sectors are referred 
to in the paper as the western and eastern sectors respectively.

January charts for 700, 500 and 300 millibars.—When all available data were plotted, 
it proved possible to draw the mean contours with some degree of confidence except over Russia 
in Asia. To assist in drawing this area of the chart, use was made of the monthly mean 500- 
millibar contour charts published in Western Germany. 3 These particular charts were used since 
reference to the corresponding daily charts suggested that more data from Russia in Asia were 
available in Germany than in the United Kingdom. Values of 500-millibar height were read off 
these charts for each of the five Januaries at a set of grid points covering the eastern sector and 
plotted on the working charts of 500-millibar contours. With the aid of these grid values and the 
Russian data available the drawing of the five 500-millibar contour charts was completed.

Similar assistance at 700 millibars over Russia was not obtainable, so charts of 700-500- 
millibar thickness were next plotted for the available data for each January. It proved possible 
to draw these charts completely, though the isopleths over Russia were tentative. Values of 
500 millibar height and of 700-500-millibar thickness were then read off at a set of grid points 
covering the eastern sector. By subtraction, five sets of grid values of 700-millibar height were 
obtained and plotted on the working charts. The drawing of the five 700-millibar contour charts 
was then completed. Finally, for each year, the two contour charts and the thickness chart were 
examined together and minor adjustments made over Russia to produce the most plausible 
mutually consistent patterns.

The 300-millibar contour charts were then constructed in a similar manner, that is charts of 
500-300-millibar thickness were drawn first and, over the eastern sector, grid values added to 
the 500-millibar height grid values to obtain five sets of 300-millibar height grid values. Again, 
for each year, the three contour charts and two thickness charts were examined together and 
minor adjustments made where necessary.

The average contour charts of the 700-millibar, 500-millibar and 300-millibar surfaces for 
the period 1949-53 were then constructed from the mean values for the individual years at a set 
of grid points.

January charts for 200 millibars: effect of the tropopause.—A new problem arose at the 200- 
millibar level, since no useful data were available over Russia. It was decided, therefore, to 
construct for the eastern sector a chart of average 300-200-millibar thickness by making use of 
temperature lapse rates derived from the charts of average temperature of standard isobaric 
surfaces already prepared in the Meteorological Office. 9 These charts are based on data for a 
different period from that of the present Memoir; the use of heterogeneous data may introduce 
some error, probably small but unavoidable. A further complication arose because the average 
pressure at the tropopause was between 300 and 200 millibars almost everywhere over the area 
covered by the chart. However, by making use of the charts of average pressure and temperature 
at the tropopause9 , a " correction for tropopause " to be applied to the thickness obtained from
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the mean temperature of the layer (assumed to be the mean of the temperatures at 200 and 300 
millibars), was evaluated in the following manner. For any point on the chart let

TV, p T be the average temperature and pressure at the tropopause respectively,

TI, TZ the average temperature at two standard isobaric surfaces pl and p2 , where 
pi > PT > p2 and

A(f> the difference in geopotential between the two isobaric surfaces.

Then A</> = RT'm log*^ in c.g.s. units 
PI

where R is the gas constant for dry air and T'm is the mean virtual temperature (in 
degrees Absolute) of the layer.

T + T Writing T'm ~ * „ — 2, that is, ignoring the presence of the tropopause, a first ap-
Zi

proximation A<f>' to A<j> may be at once evaluated from the standard tables, for 
example Smithsonian meteorological tables.

Taking into account the tropopause, a better approximation to Arf> is given by the 
expression

R T' TT l0 T + R TTT* lo < 2 '

The correction for tropopause, C, is denned as

This may be rewritten
C = - R[i(T, - Tz] loge pTlp, + *(!•,- TT)

With p1 = 300 millibars and p2 = 200 millibars,
— C~ 33-72(Tl - T2) Iog10 ^> r/200 + 6(T2 - TT) in geopotential metres.

The thickness of the layer is then evaluated as A<f> + C.

Charts of 300-200-millibar thickness were first drawn for the five years separately over the 
area where data were available, that is the western sector, and an average chart constructed from 
the means of grid values. Charts of 300-millibar temperature were then drawn over the whole 
area for the separate years and a five-year average chart constructed from them. From this 
chart, the temperature lapse rates mentioned above9 and the correction for tropopause, values of 
average 300-200-millibar thickness were calculated at a set of grid points covering the eastern 
sector. However, when these were plotted on the chart of average 300-200-millibar thickness 
already drawn for the western sector, the pattern produced was most irregular and unconvincing-

It was then decided to investigate the average 200-millibar temperature chart. Over the 
western sector this was constructed from five charts for the individual years and the remaining 
sector completed by use of grid values derived from average 300-millibar temperatures and 
temperature lapses9 from 300 to 200 millibars. Over the eastern sector the grid values of 200- 
millibar temperature and 300-200-millibar thickness were then adjusted by a somewhat laborious 
method of trial and error to obtain the most satisfactory mutually consistent patterns. The 
resulting average 300-200-millibar thickness chart was then added to the average 300-millibar 
contour chart to obtain the average 200-millibar contour chart.
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January charts for 150 millibars.—A further problem arose at the 150-millibar level. While 
there were, of course, no data over the eastern sector, even over the western sector, where at 
lower levels the network of data had been adequate, the number of data varied through the 
period from poor in 1949 to good in 1953. The quality of the data was also more suspect owing 
to loss of observations with height.

To make the best use of the data available, it was decided to construct charts of 200-150- 
millibar thickness for the individual years over the western sector. In the first place, all data 
were ignored and thickness charts for the individual years were computed from the appropriate 
charts of 200-millibar temperature and the average temperature lapse from 200 to 150 millibars.' 
The mean temperature of the layer was assumed to be the 200-millibar temperature less half the 
temperature lapse from 200 to 150 millibars. These computed charts were used in conjunction 
with the available data to construct the working charts of thickness for the individual years. 
By reading off grid values and taking means a chart of average 200-150-millibar thickness was 
obtained over the western sector. The remaining sector was then completed by computing grid 
values of average thickness from values of average 200-millibar temperature and temperature 
lapse from 200 to 150 millibars. Minor amendments were made in adjusting the two halves of 
the chart and in smoothing the pattern. A revised set of grid values was then read off over the 
whole chart and added to the 200-millibar height grid values to obtain the average 150-millibar 
contour chart.

January charts for 100 millibars.—The data at this level presented problems similar to those 
for 150 millibars and a similar technique was employed. The grid values of average 200-150- 
millibar thickness were converted into grid values of average temperature of the layer and by 
combining these with grid values of average 200-millibar temperature, a chart of average 150- 
millibar temperature was produced. Over the western sector, grid values of 150-millibar tempera­ 
ture for the individual years were computed by a similar process applied to the corresponding 
yearly charts. It was now possible to construct a chart of average 150-100-millibar thickness 
in a manner exactly analogous to that described above for the 200-150-millibar thickness. 
Finally this last chart was added to the average 150-millibar contour chart to obtain the average 
100-millibar contour chart.

Final adjustments to January charts.—The average charts of contours, temperatures, thick­ 
nesses and temperature lapses were now examined as a whole and certain anomalies over northern 
Russia were apparent. Data of any sort from this area were very sparse and of doubtful interpre­ 
tation, so it was felt that some adjustment over this area was allowable. By redrawing the chart 
of average tropopause pressure and altering the temperature lapses above 300 millibars in the 
light of those over Canada, it was found possible to remove, at the same time, the major anomalies 
in contour height and temperature lapse. The charts were then redrawn over Russia from the 
200-millibar level upwards.

A few slight adjustments were subsequently made in the light of the streamline-isotach 
charts as described in Section 7.

April, July and October charts.—The method employed was the same as that used in the 
construction of the January charts, although there was one slight complication over Siberia. 
In general, the data available from the U.S.S.R. were even scantier than in January and for 
April, July and October 1949 there were no data at all from Siberia. For each of these months 
the monthly mean 500-millibar contour chart published in Western Germany3 was accepted over 
Siberia and the 700-500-millibar thickness chart constructed over this area by correlating the 
700-500-millibar thickness with the 500-millibar contour height along the meridians 20°E, 
40°E, . . . 180° for the four years 1950-53. As the grid values obtained fitted in reasonably well 
with the rest of the chart drawn from data and as the nine values obtained for the pole lay 
within a ten-metre range the method was regarded as satisfactory. The 500-300-millibar thick-
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ness chart and the 300-millibar temperature chart were similarly computed by correlating the 
500-300-millibar thickness with the 700-500-millibar thickness and the 300-millibar temperature 
with the 500-300-millibar thickness. A further check on the drawing over the U.S.S.R. was 
obtained by comparing the average 300-millibar temperature chart with that given by Goldie, 
Moore and Austin. 9

§4—METHOD OF CONSTRUCTING THE MERCATOR CHARTS

General.—In constructing the circumpolar charts it was found necessary to draw a separate 
chart for each year. For the Mercator charts however the available data were fairly evenly spread 
over the five years ; moreover in the tropics, which are a substantial area of these charts, the 
changes in contour height from year to year are small. It was therefore concluded that satis­ 
factory charts could be drawn from data averaged over the five-year period. North of latitude 
55°N the Mercator charts were of course drawn to agree with the circumpolar charts. A few final 
adjustments to the contours were made in the light of the streamline-isotach charts as described 
in Section 7.

700-millibar charts.—There were large areas with no available data, especially in the southern 
hemisphere. To obtain a pattern over these areas grid values of 700-millibar contour height were 
evaluated as follows. A chart of mean sea level pressure in the southern hemisphere was con­ 
structed using grid values of mean pressure for the period 1949-5311 and this chart was extended 
to about 20°N using data available in the Meteorological Office ; the whole chart was then 
converted to one of 1,000-millibar contour height using appropriate values of surface temperature. 
Grid values of 1,000-700-millibar thickness were then evaluated using values of mean temperature9 
and applying a correction for the humidity of the layer. The grid values of 700-millibar contour 
height were then calculated and a chart sketched from them ; the final 700-millibar contour chart 
was then drawn, primarily from the actual data but using the sketched map as a guide.

500- and 300-millibar charts.—These were constructed in the same way as the 700-millibar 
charts, primarily from the data but with the help of charts of 700-500-millibar and 500-300- 
millibar thickness drawn from grid values calculated from the appropriate mean temperatures. 9

200-millibar charts.—Above 300 millibars the data from many stations became less reliable 
owing to the loss of observations with height. Charts of 300-millibar temperature and lapse of 
temperature from 300 to 200 millibars were therefore drawn using 1949-53 data where available 
and the charts of Geophysical Memoirs No. 10P elsewhere. From these a chart of 200-millibar 
temperature was constructed. Minor adjustments were then made to these three charts to ensure 
consistency, and to remove minor irregularities arising from the gridding technique. The charts 
of 300-millibar and 200-millibar temperature were then used in conjunction with charts of average 
temperature and pressure at the tropopause9 to evaluate grid values of the correction for tropo- 
pause (see Section 3). The values so obtained for the southern hemisphere did not lead to a 
reasonable pattern and a new set was evaluated partly based on analogy with the northern 
hemisphere and partly on data for Australia and New Zealand. Grid values of 300-200-millibar 
thickness were then calculated as in Section 3 and used with the available data to construct a 
chart of 300-200-millibar thickness. This combined with the 300-millibar contour chart, together 
with actual 200-millibar data was used to construct the average 200-millibar contour chart.

150- and 100-millibar charts.—These were constructed in the same way as the 200-millibar 
charts, using grid values of 200-150-millibar and 150-100-miHibar thickness where necessary. 
No correction was involved for the lower tropopause. In January the upper tropopause is mostly 
above the 100-millibar surface, but it does fall to 115 to 120 millibars over Tasmania and New 
Zealand and perhaps elsewhere, though data are lacking. However a check using New Zealand 
data suggested that the necessary corrections was probably less than 10 metres everywhere, and 
it was therefore ignored. In April, July and October, however, the upper tropopause lies below
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the 100-millibar level over large areas of the chart and there is frequently a large temperature 
inversion just above it so that a correction was necessary. For each station, therefore, the 
thickness of the 100-150-millibar layer was calculated firstly by using the mean of the 150-millibar 
and 100-millibar temperatures and secondly from the difference of the contour heights. The 
difference between these two thicknesses were then plotted on a chart and isopleths drawn • 
extrapolation where necessary was carried out on the assumption of a high correlation between 
the thickness difference and tropopause pressure (for which charts are given in a previous Memoir") 
Grid values of this thickness difference were then read off and interpolated as a correction for 
tropopause where direct observations were not available.

PART II—AVERAGE WINDS IN THE UPPER AIR

§ 5—GENERAL

The contour charts of Part I enable the mean wind to be determined outside the tropics on the 
assumption of geostrophic flow. As a form of presentation they are quite satisfactory for wind 
direction but less so for wind speed ; for example the variations of chart scale and Coriolis 
parameter make it difficult to see where the strongest winds occur and careful measurement with 
a geostrophic scale is necessary. There are advantages in presenting the information implicit in 
the contour charts by means of streamline-isotach charts. Such charts are reproduced in Figures 
50 to 97. They have been extended over the tropics, where the geostrophic assumption is inadmis­ 
sible, by the direct use of upper wind observations.

§6—DATA
No satisfactory network of upper wind data for the period covered by the contour charts 
(1949-53) was available. The procedure adopted therefore was to measure the wind speed from 
the contour charts over the greater part of the extratropical regions, assuming geostrophic flow, 
while making use of all available wind data elsewhere, that is for the region between 30°N and 
30°S (approximately), for South America and New Zealand. This involved using data for varying 
periods and, in some cases, data for a season of three months instead of for a mid-season month.

The main sources of data were the tabulations published by the United States Weather 
Bureau12 together with climatological publications, technical notes and manuscript data of other 
meteorological services. Altogether reports from about one hundred stations (pilot balloon and 
radar) were used but only about half of them supplied information up to 100 millibars. The 
stations providing data at 700 millibars and 100 millibars are shown in Figures 98 and 99 respec­ 
tively and a complete list of stations with details of reports and sources is given in Appendix III.

§7 — METHOD OF CONSTRUCTING THE CHARTS

Isotachs.— Outside the belt 30°N to 30°S the isotachs were derived from the corresponding 
contour charts by means of a geostrophic wind scale. The wind speed was first determined at a 
network of points and preliminary isotachs sketched in. Where the patterns thus obtained were 
indefinite or doubtful, further measurements of wind speed were made at a closer network of 
points. In some areas, mainly those of strong wind, reasonable smoothness of the isotach pattern 
required adjustment to the contours for consistency, but in all cases this adjustment was slight, 
less than one millimetre on the scale of chart used. In measuring the geostrophic wind from the 
Mercator charts corrections were made for the curvature of the circles of latitude but not for the 
curvature of the contours ; this procedure is justified because the correction is appreciable (about 
10 knots) only for the strongest winds which are, as a rule, nearly zonal.
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Between 20°N and 20°S the isotachs were drawn from wind data alone, while in the two zones 
lying between 20° and 30°N and S they were drawn using both wind data and geostrophic winds ; 
in general there was little difficulty in effecting reasonable transitions across these two zones.

Streamlines.—Outside the zone 30°N to 30°S the streamlines have been identified with the 
contours. Between 20°N and 20°S the streamlines were drawn by the well known method to 
conform to plotted wind directions, while for the zones 20° to 30° N and S, geostrophic and actual 
winds were again used. Published streamlines and wind data for India13 and Indonesia14 were 
incorporated into the drawing.

Use of cross-sections.—As checks on the vertical disposition of certain features of the wind 
field, for example the transition zones between the mid-latitude westerlies and low-latitude 
easterlies, the zonal winds read from the charts were compared with those given by the vertical 
cross-sections of Figures 100 to 131. These cross-sections also helped in determining the positions 
of the strong wind belts. Further, in extratropical regions the vertical wind shears shown by 
the cross-sections could be compared with those determined from the charts thus providing 
further checks of mutual consistency.

General.—As for the contours, the main set of charts are on Mercator's projection, extending 
from 70°N to approximately 60°S and separate charts are included for the north polar regions. 
The isotachs are drawn at 10-knot intervals. The streamlines however are not isopleths and the 
placing and number of those drawn are to some extent subjective. In extratropical regions it is 
simple to select a number of contours which will adequately represent the flow pattern. In the 
tropics, however, with generally light winds, data of varying period and reliability and large 
areas with no data at all, the problem of deciding how many streamlines to draw or how many 
separate circulations to indicate is difficult. An attempt has been made in the present charts to 
show the main features of the wind circulation without suggesting more complexities than the 
data justify.

§8—DISCUSSION
January.—Figures 50 to 55 show the wind distribution between 75°N and 60°S. In extra- 

tropical regions the flow is predominantly westerly but with much more marked meridional 
excursions in the northern than in the southern hemisphere. The strongest winds occur in belts 
which more or less encircle the earth mainly in the subtropics of the two hemispheres, but over 
limited sectors there are separate belts of strong wind in higher latitudes; within these belts the 
strongest winds occur near the 200-millibar level.

At this level in the northern hemisphere (Figure 53), one strong wind belt extends from 
Florida across the southern North Atlantic to North Africa and on across northern India to east 
of Hong Kong where it loses its identity. This wind belt, which is associated with the subtropical 
jet stream appearing on the daily charts, has a well defined maximum speed of about 100 knots 
over north Arabia, but it is much weaker over the southern North Atlantic. A second strong wind 
belt extends from southern Japan across the North Pacific Ocean and the northern U.S.A. to the 
North Atlantic and north-west Europe where it becomes diffuse and difficult to identify as a 
definite feature. This belt is associated with the polar front jet stream. Two wind maxima 
occur in this belt, a very intense one of about 140 knots near south Japan and another of about 
90 knots over eastern U.S.A. ; these two pronounced wind maxima occur at the bases of the two 
main long-wave troughs near eastern Asia and over North America in regions where intense polar 
front jet streams are frequently observed on the daily charts. Over the eastern North Atlantic 
and north-west Europe the weaker section of the wind belt reflects the large fluctuations in 
position and orientation of the polar front jet stream in this region, where individual jet streams 
occur almost daily.
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The wind patterns at 700, 500, 300, 150 and 100 millibars have many features which are 
similar to the flow at 200 millibars but there are some significant differences. The subtropical 
strong wind belt weakens considerably and becomes much less extensive or non-existent below 
about 300 millibars ; there is no trace of this strong wind belt over the southern North Atlantic 
below 300 millibars, whilst to the east of India the stream effectively merges into the more 
powerful polar front strong wind belt. However, the subtropical strong wind belt maintains its 
identity at 150 and 100 millibars (Figures 54 and 55) but with decreasing maximum winds. On 
the other hand the polar front strong wind belt can readily be identified at all levels. It is 
interesting to note that at 100 millibars two subsidiary strong wind belts occur over Canada and 
over the Sea of Okhotsk some 15° north of the polar front strong wind belt (the Canadian sub­ 
sidiary strong wind belt can also be discovered even at 150 and 200 millibars). It is probable 
that these subsidiary strong wind belts reflect the occurrence of stratospheric jet streams in the 
baroclinic zone which is often created in the stratosphere in the southern parts of the Canadian 
and Siberian troughs as a result of a very cold Arctic stratosphere.

In extratropical regions of the southern hemisphere the flow pattern is very much simpler. 
One principal belt of strong winds is shown at all levels, lying mainly between 45°S (off South 
Africa) and 55°S (near New Zealand). A wind maximum of 90 knots occurs at 200 millibars 
(Figure 53) over the ocean to the south and south-east of South Africa. At 300 millibars (Figure 
52) and higher levels a subsidiary zone of strong winds is shown at about 30°-35°S and 180°W, 
though perhaps the significant feature is rather an area of slacker winds around New Zealand: 
the relatively slack wind field near and to the east of New Zealand suggests that the jet streams 
in this region vary a good deal in latitudinal position. The strength of the wind flow in the 
southern hemisphere in January (that is southern hemisphere summer) is clearly less than the 
flow in the northern (winter) hemisphere. Furthermore, the zone between 40°S and 65°S contains 
very little land and a much simpler flow pattern than occurs in the northern hemisphere might be 
expected. However, away from Australia and New Zealand, wind data from only five stations 
in this zone were available and to some extent simplicity of pattern may be attributed to the 
sparsity of data.

In the tropics the winds are mainly easterly but there is a good deal of complexity and 
difference in detail between the various sectors and levels. In general the axis of this easterly 
flow lies slightly farther north in the eastern than in the western hemisphere. However, wind 
speeds are much less than in extratropical regions and only at two charted levels (150 and 100 
millibars) is a speed of 30 knots exceeded. One main belt of easterlies is clearly seen at all levels, 
extending from the western Pacific across Malaya and the equatorial parts of the Indian Ocean, 
Africa and the Atlantic. In the eastern Pacific at 700 millibars this belt is quite narrow being 
bounded to the south by a belt of westerlies near the equator from Sumatra to New Guinea 
(Schmidt14). Farther south however there is a subsidiary belt of easterlies from northern 
Australia to Java. In other sectors the main belt of easterlies extends almost to 20°S. The 
highest wind speeds occur in two sectors : in the first sector, off south-east Asia, the wind speed 
increases with height but exceeds 30 knots only at the two highest levels ; in the second sector, 
over Africa, the speed exceeds 20 knots from 300 to 150 millibars but falls below 20 knots again 
at 100 millibars. At 700 and 500 millibars (Figures 50 and 51) these easterlies continue across 
South America but at higher levels they do not appear to penetrate farther than the coast of 
Brazil.

Over the eastern and central Pacific the easterlies appear only at the two lowest levels. At 
700 millibars one stream flows across the eastern Pacific from Albrook Field* (Panama) to near 
Canton Island, but is there interrupted ; the observed winds at Johnson Island and Nandi show 
light westerly components. At 500 millibars an easterly flow is shown from Colombia to the

* The less well known places named in the text are marked on Figure 98.
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Philippines but its continuity in the central Pacific is doubtful ; at Canton Island and Christmas 
Island the winds observed (though only over short periods) are westerly, but easterly at Jarvis 
Island.

At 300 millibars the winds at Johnson Island, Christmas Island and Apia all have westerly 
components and it appears almost certain that there is westerly flow in the tropics between 
180° and 160°W. No data are available at this level from the tropical Pacific east of 140°W but 
it seems probable that the westerlies blow across the Pacific to the Andes and that there is an 
area of variable winds over South America centred about 10°S. At 200 and 150 millibars the flow 
pattern seems to be similar to that at 300 millibars with the Pacific westerlies somewhat stronger, 
while at 100 millibars the streamlines suggest that the area of light winds over South America 
may extend farther south.

The flow pattern round the North Pole is shown in Figures 56 to 61. An area of light winds 
covers the pole and the two main troughs in the contour patterns over northern Canada and 
eastern Siberia (Figures 8 to 13) ; within this area there are a number of closed cyclonic circula­ 
tions. In the outer regions of the circumpolar charts winds are generally westerly and on the 
whole speeds increase with decreasing latitude. The flow patterns of these charts between 
75°N and 55°N are repeated on the Mercator charts and have already been discussed in that 
context.

July.—It is convenient to discuss the July charts next since the greatest seasonal differences 
in the wind flow occur between January and July. Figures 74 to 79 show the wind distribution 
between 75°N and 60°S, and it is evident on comparing them with Figures 50 to 55 that the 
seasonal contrast is much greater in the northern than in the southern hemisphere. In the 
northern hemisphere the westerlies are much weaker than in January and the strong wind belts 
less pronounced. At each of the four lower levels a strong wind belt can be distinguished extending 
from north-east of Japan across the Pacific and southern Canada to western Europe (Figures 
74 to 77). Winds increase generally up to 200 millibars with the strongest winds occurring near 
southern Canada on all four charts. In the neighbourhood of Japan it will be noticed that the 
July flow at 200 millibars is very weak (about 30 knots) in contrast with the strong flow (about 
140 knots) in January (Figure 53). Above 200 millibars wind speeds fall off again and the belt 
becomes less extensive but the cell near southern Canada persists as an important feature. The 
strong wind belt associated with the subtropical jet stream is much weaker and less extensive 
and is located at higher latitudes than in January. It is restricted to an area of relatively strong 
wind from the Mediterranean to east of the Caspian : this belt appears at 300 millibars and higher 
levels, with maximum winds of about 50 knots at 200 millibars which is only about half the 
maximum speed in January.

In extratropical regions of the southern hemisphere there is one strong wind belt lying 
mainly between 45°S and 55°S. A marked maximum is shown in the southern Indian Ocean in 
association with the main trough in the contour pattern at 80°E (Figures 26 to 31). It seems 
probable that this belt extends right round the globe, though it becomes weaker in the southern 
Pacific. Data are completely lacking for the area from Tierra del Fuego westwards to Macquarie 
Island and in this region the drawing of the charts can only be regarded at tentative. The axis 
of the belt reaches its most southerly latitude south of New Zealand and at 100 millibars (Figure 
79) appears to lie south of 60°S. South of 45 C S wind speeds continue to increase with height up 
to 100 millibars. It seems probable that this strong wind belt is associated with the polar front 
jet stream in the upper troposphere, but that at higher levels it merges with the strong wind 
belt associated with the winter stratospheric jet stream.

A second strong wind belt is shown at about 25°S to 30 S at all the levels except 700 millibars. 
The highest wind speeds in this belt occur near the 200-millibar level and appear to be associated 
with the subtropical jet stream. Available data appear to justify the drawing from South Africa
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to north-east of New Zealand, but data are completely lacking across the Pacific, South America 
and South Atlantic. On the present charts the belt is shown extending across the Pacific but 
becoming rather indeterminate across South America and the South Atlantic. Radio-sonde 
stations have recently been established both in Chile and Argentina as part of the International 
Geophysical Year programme and data from them should throw more light on the detailed wind 
distribution in this region. Winds in this belt decrease above 200 millibars, until, with winds 
farther south still increasing with height, at 100 millibars (Figure 79) only two relatively small 
separate areas of strong wind over Australia and the South Pacific are apparent. As in January 
an area of relatively light wind appears near New Zealand at all levels.

In the tropics winds are mostly easterly as in January, but the axis of the flow is considerably 
farther north and winds are much stronger particularly at the higher levels. The high-level area 
of strong easterlies across the Indian Ocean in about 10°N overlying the low-level westerlies is 
particularly prominent. It extends, with much reduced speed over the western Pacific and 
Africa and appears to be an important feature of the general circulation. Above 700 millibars 
the westerlies of the southern hemisphere extend somewhat farther northwards than in January, 
reaching about 10°S.

The easterly flow at 700 millibars (Figure 74) is interrupted by a belt of westerlies at about 
15°N extending from the Arabian Sea across India to Thailand. This belt is a reflection of the 
Indian monsoonal surface circulation ; it appears on the 500-millibar chart (Figure 75) as a small 
area of light westerly winds over southern India. In the remaining sectors the easterly flow at 
700 and 500 millibars extends between 15°S and 25°N, with the strongest winds occurring at 
about 10°N to 15°N. Speeds do not exceed 10 to 15 knots except locally at 700 millibars near 
Trinidad and in the southern Sahara. Some irregularity in the flow is indicated at 500 millibars by 
light southerly winds over the Hawaiian Islands ; at 300 millibars (Figure 76) a definite encroach­ 
ment of the westerlies is indicated over this area persisting up to 150 millibars (Figure 78) with 
maximum winds at 200 millibars but easterlies appear again at 100 millibars (Figure 79). These 
westerlies extend as far south as 10°N at 300 and 200 millibars, and possibly almost to the equator 
at 150 millibars. A somewhat similar break in the easterly flow occurs over the West Indies. 
At 300 millibars the wind at San Juan is light southerly and at 200 and 150 millibars there is 
westerly flow in this area with maximum wind at 200 millibars ; again, however, easterly flow 
reappears at 100 millibars.

Between 10°W and 150°E in the northern hemisphere, that is to the south of the Eurasian 
landmass, the easterlies become well established at 300 millibars and increase with height above 
this level, whereas outside these longitudes speeds reach 20 knots only locally and the easterly 
flow is broken up by the incursions of westerly winds as noted above. The centre of this strong 
easterly flow lies at about 10°N at all levels from 300 to 100 millibars. At 300 millibars there are 
three separate areas of stronger wind, one over the Arabian Sea, one over Nigeria and the Cameroons 
and the third near Singapore. At 200 millibars two such areas are indicated, one centred near 
Aden and the other over Malaya ; it is possible that they should be drawn as one. At 150 and 
100 millibars a single area of strong winds is indicated, extending eastwards and westwards from 
about Aden, where the maximum easterly winds of over 60 knots occur. For Aden the charted 
wind speeds at 150 and 100 millibars are substantially the same. Bannon and Jones15 indicate 
a maximum wind at 60 millibars of about 50 to 60 knots in this region and it appears probable 
that the axis of this strong wind belt lies near to 100 millibars.

Figures 80 to 85 show the wind distribution round the North Pole. North of 75°N winds 
are everywhere less than 20 knots and, in a large part of the area, less than 10 knots. At 7W 
millibars the centre of the circulation lies near the Pole, but the axis is not vertical and the centre 
shifts with height towards the Canadian sector, until at 100 millibars it lies about 68°N 73°W.
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April.—The mean flow in April between 75°N and 60°S is depicted in Figures 68 to 73. It is 
not intended to deal in detail with the April circulation since it is to a great extent transitional 
between the flow of January and July. However, some points of interest may be noted by 
reference to the 200-millibar level (Figure 71) in particular.

In the northern hemisphere at 200 millibars the pattern of flow appears to be more like that 
of January than of July. The strong wind belt associated with the subtropical jet stream over 
North Africa and Arabia is in much the same position as in January. However, it appears to 
merge upstream with the polar front strong wind belt over southern U.S.A. and downstream 
with the polar front strong wind belt near south Japan. Although significantly weaker than it 
is in January, the strong wind belt near south Japan is in about the same location and is still an 
important feature, unlike the very weak remnants a little farther north in July. On the other 
hand, the strong wind belt over southern U.S.A. is, surprisingly, at least 10° of latitude farther 
south than its central position in both January and July. It will be seen that there is no evidence 
of the stratospheric jet stream at or above 200 millibars in April over Canada and eastern Siberia ; 
this feature is evident in January but not in July.

In the southern hemisphere the westerlies at 200 millibars show a double structure in many 
longitudes rather like the pattern in July. Over middle latitudes of the South Atlantic and 
southern Indian Ocean an extensive strong wind belt is shown at all levels, but the double 
structure with a subsidiary belt over South Africa exists only at 200 millibars.

In the tropics the winds are light easterly for the most part. At high levels in the Pacific 
they are probably light westerly and there is evidence of an area of maximum winds at 300, 200 
and 150 millibars in the Central Pacific about 15° to 20°N similar to the maximum referred to in 
July. There is as yet no sign of strong winds in the easterly flow in the upper troposphere from 
Africa to south-east Asia. Indeed in this region the high-level winds are slightly lighter in April 
than in January. It cannot be said that the high-level easterlies in April are intermediate in 
position and strength between those of January and July. This suggests that the strong easterly 
stream of July develops quite rapidly after April.

The flow round the North Pole, shown in Figures 62 to 67, is weak and has no outstanding 
feature.

October.—The mean flow in October is transitional but the seasonal changes between July 
and January are not uniform. In some areas the wind distribution in October is more like that 
of July, in other areas it has greater resemblance to that of January. Naturally there is a good 
deal of similarity between the October and April flow patterns but significant differences are also 
in evidence. Figures 86 to 91 show the wind distributions between 75°N and 60°S.

In the northern hemisphere strongest winds occur at about 200 millibars. A belt of strong 
westerlies extends from middle latitudes of eastern Asia across the Pacific and North America 
and then as a weakening system over the North Atlantic to northern Scandinavia, with centres of 
maximum wind near south Japan and south of Newfoundland. The main features are inter­ 
mediate between the July and January patterns. They are similar to those of April, except that 
the Newfoundland wind maximum is 10° to 15° of latitude farther north than in April. The 
subtropical strong wind belt over North Africa and the Middle East is a little farther north and 
not quite so strong as in April. It merges into the strong wind belt associated with the polar 
front over eastern Asia, but there is little trace of it across the North Atlantic. As in April, 
there is no evidence of stratospheric strong wind belts over Canada and Siberia such as exist in 
January.

The circulation in the southern hemisphere is not unlike that obtaining in April. There is a 
double structure to the strong upper westerlies in both months from the longitude of Australia 
eastwards across the South Pacific with a relative minimum over New Zealand. Above 300 milli­ 
bars a single strong wind belt dominates the South Atlantic and southern Indian Ocean with
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an area of maximum speeds about 45° to 50°S, 40°E, where wind speeds increase up to the 
100-millibar level; in April strongest winds occur at 200 and 150 millibars rather than at 100 
millibars.

In the tropics the winds up to 300 millibars are mainly light easterly, but, as in April, there 
are many areas where the light winds are variable or uncertain in direction ; in such areas more 
data are needed before the average flow can be determined with certainty. At 200 and 150 
millibars (Figures 89 and 90) the pattern is complex. The strong and extensive easterlies centred 
over the Arabian Sea in July no longer exist, though there is still a rather restricted area of 
easterly winds over and near south-east Asia. Over central and eastern Pacific the flow is westerly 
with an area of maximum winds in the central Pacific about 15° to 20°N, as also occurs in April 
A light westerly flow probably also occurs close to or just south of the equator from South 
America to Africa. However in the equatorial zone north of the equator from South America to 
Africa winds are mainly light and variable. At 100 millibars (Figure 91) easterly winds occur 
between approximately 5°S and 20°N from the western Pacific to Africa, with a well defined 
maximum of about 40 knots from near Ceylon to Sumatra ; the easterlies in this region are 
stronger and the area covered by the easterlies is more extensive than in April. Over the rest of 
the tropics the winds are generally light ; as in April, they are probably westerly over the 
central and eastern Pacific and easterly in a narrow belt near the equator with zones of variable 
winds about 10°S and 10°N over Africa.

Round the North Pole the flow north of 75°N is mostly light (Figures 92 to 97). The centre 
of the weak cyclonic circulation is near north Baffin Land at 500 millibars and shifts northwards 
at higher levels.
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UPPER WINDS OVER THE WORLD 103 31
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APPENDIX II—SOURCES OF DATA
CONTOUR CHARTS

1. CLIMAX TEMP reports where available. These are special reports appended monthly to the routine synoptic broad 
casts and include monthly mean values of temperature and contour height for the standard upper levels for 
selected stations (see Item 2 of Bibliography).

2. Daily Series Synoptic Weather Maps published by the United States Weather Bureau. Daily values were used 
to calculate monthly mean heights for stations and levels for which CLIMAT TEMP reports were not available 
This series provided data for the following territories or individual stations:

Aleutian Islands Mexico
Austria Nicaragua
Azores Pacific Islands
Bermuda Philippines
Czechoslovakia Poland
France Romania
French North Africa Turkey
French Sahara U.S.S.R.
Greece West Indies
Greenland Libya (Tripoli)
Italy

3. Data published at regular intervals by national or territorial meteorological services.
(a) Daily weather reports:

Czechoslovakia Holland
Egypt India
Germany Portugal (including Atlantic Islands)
Greece

(b) Monthly reports:
Belgian Congo Korea
Belgium Madagascar and Amsterdam Island
Cocos Islands (Malayan Meteorological Service) Mexico
French Equatorial Africa Spain
Germany U.S.A.
India American Pacific Islands
Indo-China West Indies
Japan

(c) Annual reports:
Angola - Switzerland 
Holland Union of South Africa 
Hong Kong Venezuela 
Hungary

4. Synoptic data received and synoptic charts prepared at the Meteorological Office, Dunstable, for stations in Europe, 
Greenland and Asiatic Russia.

5. Routine data tabulations for Meteorological Office stations in the British Isles and overseas, and for British ocean 
weather ships.

6. Manuscript and microfilm data either already available in the Meteorological Office or supplied by other Meteoro­ 
logical Services on request (see Acknowledgements).

*Argentina India
Australia Indonesia

*Bolivia Japan
British East Africa New Zealand
Canada Nigeria
Ceylon Portuguese East Africa

*Chile Sudan
Eire Thailand
Falkland Islands Union of South Africa 
Germany (British Zone) United States Weather Bureau
Hong Kong United States Air Force.

* Surface reports from mountain stations.
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7. Special publications.
(a) Baltimore, John Hopkins University, Department of Civil Engineering; Presentation of meteorological 

data for the North American sector for the year 1949. Final Report, 2, Baltimore, Md., 1954. 
Pacific weather ships N and P

(b) Melbourne, Department of External Affairs; Australian National Antarctic Research Expeditions. 
Reports series D, Meteorology. 2-6, 1949-53, Melbourne, 1953-55. 

Heard Island 
Macquarie Island

(c) Paris, Meteorologie Nationale; Les observations meteorologiques de Port-Martin en Terre-Adelie. 
Fasc. III. Conditions atmospheriques en altitude du 17 janvier 1951 au 21 janvier 1952. Paris. 

Adelie Land
(d) Toronto, Department of Transport, Meteorological Division; Aerological Data for southern Canada. 

Toronto. 
Canada

WIND DATA FOR STREAMLINE-ISOTACH CHARTS

8. Manuscript data held in the Meteorological Office, including those from the following sources:
Argentina, Ministerio de Asuntos Tecnicos
Rhodesia Meteorological Service
Madagascar Meteorological Service
Indian Meteorological Department
Weather Bureau, Manila
Royal Australian Air Force
Imperial College of Science and Technology, Department of Meteorology

9. Washington, United States Weather Bureau; Daily Series Synoptic Weather Maps. Washington, D.C., 1949-53.
10. Washington, Hydrographic Office; Weather summaries for naval air pilots. Washington, D.C., 1943-45 and 1947.
11. SCOTT, j. R.; Wind statistics at Singapore. Quart. J. R. met. Soc. London, 83, 1957, p. 381.
12. Wellington, New Zealand Meteorological Service; Daily Weather Bulletins, Wellington, 1949-53.
13. PORTER, E. M.; Upper winds over Nandi and Auckland. Tech. Notes, N.Z. met. Serv., Wellington, No. 92, 1952.
14. PORTER, E. M.; Upper winds over Invercargill. Tech. Notes, N.Z. met. Serv., Wellington, No. 94, 1952.
15. FARKAS, E.; Upper winds over Tarawa, April-July 1956. Tech. Notes, N.Z. met. Serv., Wellington, No. 123, 1957.
16. Tokyo, Central Meteorological Observatory; Aerol. Data Japan, Tokyo, 1949-53.
17. Dakar, Service Meteorologique de 1'Afrique Occidentale Franchise; Observations en altitude. Radiovent. Dakar. 

1955.
18. BOYER, A. and DU CHAXAL, R.; Frequences normales du vent en altitude. Publ. Serv. met. 1'Afrique Occidentale 

Francaise, Brazzaville, No. 1, Fasc. 1, 1954.
19. SCHMIDT, F. H.; Upper winds over Indonesia and Western New Guinea. Djawatan Meteorologi dan Geofisik. 

Verhandelingen No. 45, Djakarta, 1952.
20. Pretoria, South African Weather Bureau, Department of Transport; Report for the year. Pretoria. 1952, 1953 

and 1954.
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APPENDIX III—STATIONS FROM WHICH WIND DATA WERE AVAILABLE

Station

CENTRAL AMERICA 
Big Spring 
San Antonio 
Burrwood 
Charleston 
Brownsville

San Juan 
Albrook Field

SOUTH AMERICA 
Chaguaramas 
Port of Spain

Georgetown

Fernando de Noronha 
Quixeramobin 
Recife

Caravelas

Florianopolis

Comodoro Rivadavia 
Trelew
Rio Gallegos 
Corrientes

Buenos Aires 
Bahia Blanca

MIDDLE EAST

Habbaniya

Malta

CENTRAL AFRICA

Khartoum

Fort Lamy 

Brazzaville

Position

°N 
32 14, 
29 32, 
28 58, 
32 54, 
25 54, 
25 49, 
23 09, 
18 27, 
08 58,

10 41, 
10 36, 
04 50, 
06 49,

°S 
13 45, 
16 22, 
04 34, 
03 50, 
05 12, 
08 01, 
09 34, 
15 36, 
17 44, 
21 45, 
23 56, 
27 36, 
33 41, 
45 47, 
43 14, 
51 40, 
27 28, 
31 24, 
34 35, 
38 44,

°N 
36 09,

°N 
33 22, 
32 06, 
35 50, 
35 09, 
26 16, 
12 50,

°S 
01 17,

°N 
06 35, 
15 36, 
12 03,

°N 
14 40,

°N 
04 22, 
12 07,

°S 
04 15, 
08 50,

°W 
101 30 
98 28 
89 22 
80 02 
97 26 
80 17 
82 21 
66 06 
79 33

61 37 
61 21 
52 22 
58 11

°W 
76 14 
71 34 
81 15 
32 25 
39 18 
34 51 
35 47 
56 06 
39 15 
41 20 
46 20 
48 34 
65 29 
67 30 
65 10 
69 16 
58 49 
64 17 
58 29 
62 12

°W 
5 21
°E 

43 34 
20 16 
14 27 
33 17 
50 37 
45 01

°E 
36 50

°E 
03 20 
32 33 
08 32

°W 
17 26

°E 
18 35 
15 02

°E 
15 15 
13 12

Period

1950-52 
1950-52 
1950-52 
1950-52 

1950-53, 56 
1950-53, 56 

1949-53 
1950-53, 56 
1951-53, 56

1955-57 
1935-44 
1937^0 
1937^10

1939-41 
1939^0 
1939-il 

1930-34, 36-41 
1930-34, 38-41 

1938-41 
1928-29 

1928-34, 36-41 
1931-34, 36-41 
1928-34, 36-41 
1928-34, 36-41 
1928-34, 36-41 

1937^7 
1937^7 
1937-47 
1937^7 
1937-47 
1937-47 
1937-47 
1937-47

1948-53

1948-53 
1948-53 
1948-53 
1948-53 
1949-53 
1948-53

1951-55

1953-55 
1953-55 
1955-57

1949-53

1935-53 
1936-53

1935-53 
1932-36

Approx. 
level reached

mb 
100 
100 
100 
100 
100 
100 
100 
100 
100

100 
500 
700 
700

700 
500 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 
500 
500 
500 
500 
500 
500 
500 
500

100

100 
100 
100 
100 
100 
100

100

100 
100 
100

100

500 
500

500 
700

Seasonal 
or monthly

monthly 
monthly 
monthly 
monthly 
monthly 
monthly 
monthly 
monthly 
monthly

monthly 
seasonal 
seasonal 
seasonal

seasonal 
seasonal 
seasonal 
seasonal 
seasonal 
seasonal 
seasonal 
seasonal 
seasonal 
seasonal 
seasonal 
seasonal 
seasonal 
seasonal 
seasonal 
seasonal 
seasonal 
seasonal 
seasonal 
seasonal

monthly

monthly 
monthly 
monthly 
monthly 
monthly 
monthly

monthly

monthly 
monthly 
monthly

monthly

monthly 
monthly

monthly 
seasonal

Source 
(see Appendix II)

8 
8 
8 
8 
9 
9 
9 
9 
9

9 
10 
10 
10

10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
8 
8 
8 
8 
8 
8 
8 
8

8

8 
8 
8 
8 
8 
8

8

8 
8 
8

17

18 
18

18 
10
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Station

SOUTH AFRICA

Salisbury

Position

°S 
25 45, 
19 59, 
17 50,

°E 
28 14 
23 25 
31 01

Period

1948-50, 52-54 
1950, 52-54 

1941^46

Approx. 
level reached

mb 
100 
200 
500

Seasonal 
or monthly

monthly 
monthly 
monthly

Source 
(see Appendix II)

20 
20 

8

MADAGASCAR 
Diego Suarez 
Fort Dauphin 
Maintirano 
Majunga .. 
Moroni 
Tananarive 
Tulear

INDIA 
Calcutta ..

New Delhi

Poona

Madras ..
Ahmedabad
Allahabad
Bangalore
Gwalior
Hyderabad
Jodhpur ..
Nagercoil
Nagpur ..
Port Blair
Tezpur ..

12 17,
25 02,
18 03,
15 14,
11 41,
18 55,
23 21,

°N
22 39,

28 35,

18 32,

13 00,
23 04,
25 27,
12 58,
26 13,
17 26,
26 18,
08 10,
21 09,
11 40,
26 37,

49 18
46 59
44 02
46 19
43 15
47 32
43 41

°E
88 27

77 12

73 51

80 11
72 38
81 44
77 35
78 00
78 27
73 01
77 26
79 07
92 43
92 47

unknown
unknown
unknown
unknown
unknown
unknown
unknown

(i) 1919-51
(ii) 1946 and 52
(i) 1930-51

(ii) 1946-J8, 50-52
(i) 1915-51

(ii) 1946, 49-52
1951-52
1928-51
1914-51
1915-51
1938-51
1929-51
1934-51
1943-51
1915-51
1926-51
1928-51

300
300
300
300
300
300
300

200
100
100
150
100
200
150
100
100
100
100
100
100
100
100
100
100

monthly 
monthly 
monthly 
monthly 
monthly 
monthly 
monthly

monthly 
monthly 
monthly 
monthly 
monthly 
monthly 
monthly 
monthly 
monthly 
monthly 
monthly 
monthly 
monthly 
monthly 
monthly 
monthly 
monthly

8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8

FAR EAST 
Hong Kong 
Singapore 
Clark Field 
Laoag
Zamboanga 
Cebu
Baguio

Saigon

Djakarta

AUSTRALIA AND NEW ZEALAND 
Sydney
Woomera 
Auckland

Nandi

Invercargill 

Tarawa

22 
01 
15
18
06 
10
Ifi
09
10

Ofi

•30

31 
36

17

46
0

01

18, 
18, 
10, 
11,
54, 
?0,
?,5,
48,
49

5 
09,

57,
09, 
51,

45,

25,

N 
21,

114 
103 
120 
190
122

1?0
10C

106
O

106

1ST
136 
174

177

168 

172

10 
53
34 
32
04
S4
36
on

40

E 
51

10
48 
46

?7

19

E 
56

1950-53 
1950-55 
1949-53

unknown

1953, 56

1909 18

1944_45, 52
1950-54 

(i) 1944-51 
(ii) 1955-56 
(i) 1945-46, 49 52

(ii) 1955-56 
(i) 1951-52 

(ii) 1955-56

1956

100
100
100
300
500
300
200
200
500

100

100
100
100
100
100
100
100
100

100

monthly 
seasonal 
monthly 
monthly 
monthly 
monthly 
monthly 
monthly 
monthly

seasonal

seasonal 
seasonal 
monthly 
monthly 
monthly 
monthly 
monthly 
monthly

monthly

8
11
9
8
8
8
8
8
9

19

13
12
13
12
14
12

15

SOUTH ATLANTIC OCEAN 
Ascension Island 
Port Stanley

°S °W
07 55, 14 25
51 42, 57 52

1955-57 
1948-53

700
100

monthly 
monthly
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APPENDIX III—continued

Station

PACIFIC OCEAN

Kwajalein

Truk 
Yap

Iwo Jima 
Wake Island
Eniwetok

Midway Island 
Johnson Island

Honolulu
Christmas Island

Canton Island

Papeete 
Jarvis Island

Noumea

Position

°N 
24 17, 
06 58, 
08 43, 
07 21, 
07 27, 
09 31, 
13 43, 
24 47, 
19 17,
11 20,

°JV
28 13,
16 44, 
21 59, 
21 20,
01 59,

°S
02 46, 
13 48, 
17 32, 
00 23,

°S 
22 16,

°E 
153 58 
158 13 
167 44 
134 29 
151 50 
138 08 
144 55 
141 20 
166 39
162 20

°W
177 22 
169 31 
159 21 
157 55
157 21

°W
171 43 
171 46 
149 35 
160 02

°E 
166 27

Period Approx. Seasonal Source 
level reached or monthly (see Appendix II)

1952-54, 56
1953, 56

1949, 50, 53
1952, 53, 56

1953, 56
1950,53,56
1949-53, 56

1949-53
1951-53, 56
1950-53, 56

1949-53
1949-53

1951-53, 56
1953, 56

1957

1950, 53, 56
1923-36
1934-39
1926-^1

mb
300
700
100
100
100
100
100
300
100
100

100
100
100
150
100

100
200
300
500

monthly
monthly
monthly
monthly
monthly
monthly
monthly
monthly
monthly
monthly

monthly
monthly
monthly
monthly
monthly

monthly
seasonal
seasonal
seasonal

16
9
9
9
9
9
9
9
9
9

9
9
9
9
8

9
10
10
10

1939-41 500 seasonal 10
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H. HEASTIE AND P. M. STEPHENSON

FIGURE 2—AVERAGE 700-MB. CONTOURS, JANUARY 1949-53
I.C.A.O. height = 9,882 ft. = 3,012 m.

Heights of isobaric surfaces are in geopotential decametres
Shaded areas represent land over 3,000 m.



UPPER WINDS OVER THE WORLD 103 41

I4O lfoO° I8O°

7°

FIGURE 2—CONTINUED



Kt Oostroplvc scale inttwjtsforeontours attOOgpm inter

FIGURE 3—AVERAGE 500-MB. CONTOURS, JANUARY 1949-53
I.C.A.O. height = 18,289 ft. = 5,574 m.

Heights of isobaric surfaces are in geopotential decametres
Shaded areas represent land over 3,000 m.
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FIGURE 3—CONTINUED



H. HEASTIE AND P. M. STEPHENSON

Kt Geostroptac scale m hnots for contours at OOqpm intervals

180° toO I4O 120 IOO

FIGURE 4—AVERAGE 300-MB. CONTOURS, JANUARY 1949-53
I.C.A.O. height = 30,065 ft. - 9,164 m.

Heights of isobaric surfaces are in geopotential decametres
Shaded areas represent land over 3,000 m.
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FIGURE 4—CONTINUED



H. HEASTIE AND P. M. STEPHENSON

FIGURE S—AVERAGE 200-MB. CONTOURS, JANUARY 1949-53
I.C.A.O. height = 38,662 ft. = 11,784 m.

Heights of isobaric surfaces are in geopotential decametres
Shaded areas represent land over 3,000 m.
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FIGURE S—CONTINUED



103 48 H. HEASTIE AND P. M. STEPHENSON

FIGURE 6—AVERAGE 150-MB. CONTOURS, JANUARY 1949-53
I.C.A.O. height = 44,647 ft. = 13,608 m.

Heights of isobaric surfaces are in geopotentiaj decametres
Shaded areas represent land over 3,000 m.
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FIGURE 6—CONTINUED



Kt Geostrophic scale in Knottier contours at lOOgpm intervals

FIGURE 7—AVERAGE 100-\JB. CONTOURS, JANUARY 194^-53

I.C.A.O. height = 53,083 ft. = 16,180 m.
Heights of isobaric surfaces are in geopotential decametres

Shaded areas represent land over 3,000 m.
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FIGURE 7—CONTINUED



H. HEASTIE AND P. M. STEPHENSON
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Geoslropnic scale m knots for 
contours at 100 gpm intervals

FIGURE 8—AVERAGE 700-MB. CONTOURS, JANUARY 1949-53
I.C.A.O. height = 9,882 ft. = 3,012 m.

Heights of isobaric surfaces are in geopotential decametres
Shaded areas represent land over 3,000 m.
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Kfi

Geostrophic scale in knots for 
contours at 100 gpm intervals

FIGURE 9—AVERAGE 500-MB. CONTOURS, JANUARY 1949-53
I.C.A.O. height = 18,289 ft. = 5,574 m.

Heights of isobaric surfaces are in geopotential decametres
Shaded areas represent land over 3,000 m.
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GeoslTOphic scale in knots for 
contours at 100 gpm intervals

FIGURE 10—AVERAGE 300-MB. CONTOURS, JANUARY 1949-53
I.C.A.O. height = 30,065 ft. = 9,164 m.

Heights of isobaric surfaces are in geopotential decametres
Shaded areas represent land over 3,000 m.
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80°N

TtfN

Geosvopnic scale in knots for 
contours at 100 gpm intervals

FIGURE 11—AVERAGE 200-MB. CONTOURS, JANUARY 1949-53
I.C.A.O. height = 38,663 ft. = 11,784 m.

Heights of isobaric surfaces are in geopotential decametres
Shaded areas represent land over 3,000 m.
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1285 
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1295'°;
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Geostrophic scale in knots for 
contours at. 100 gpm intervals

FIGURE 12—AVERAGE 150-MB. CONTOURS, JANUARY 1949-53
I.C.A.O. height = 44,647 ft. = 13,608 m.

Heights of isobaric surfaces are in geopotential decametres
Shaded areas represent land over 3,000 m.



UPPER WINDS OVER THE WORLD 103 57

Geostrophic scale in knots for 
contours at 100 gpm intervals

FIGURE 13—AVERAGE 100-MB. CONTOURS, JANUARY 1949-53
I.C.A.O. height = 53,083 ft. = 16,180 m.

Heights of isobaric surfaces are in geopotential decametres
Shaded areas represent land over 3,000 m.
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Kt Geostrophtc scale in hnoti for contours at KXJQpfn intervals

FIGURE 14—AVERAGE 700-MB. CONTOURS, 'APRIL 1949-53
I.C.A.O. height = 9,882 ft. = 3,012 m.

Heights of isobaric surfaces are in geopotential decametres
Shaded areas represent land over 3,000 m.
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FIGURE 14—CONTINUED
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103 60 H. HEASTIE AND P. M. STEPHENSON

FIGURE 15—AVERAGE 500-MB. CONTOURS, APRIL 1949-53
I.C.A.O. height = 18,289 ft. = 5,574 m.

Heights of isobaric surfaces are in geopotential decametres
Shaded areas represent land over 3,000 m.



UPPER WINDS OVER THE WORLD

FIGURE 15—CONTINUED

103 61



'PHENSON

Kt Geostrophtc scale in knots for contours at lOOgpm mlerval

FIGURE 16—AVERAGE 300-MB. CONTOURS, .APRIL 1949-53
I.C.A.O. height = 30,065 ft. = 9,164 m.

Heights of isobaric surfaces are in geopotential decametres
Shaded areas represent land over 3,000 m.
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FIGURE 16—CONTINUED
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Kt Geoau-ophtc scale in knotsfor contours attOOgpm intervals

FIGURE 17—AVERAGE 200-MB. CONTOURS, APRIL 1949-53 
I.C.A.O. height = 38,662 ft. = 11,784 m.

Heights of isobaric surfaces are in geopotential decametres 
Shaded areas represent land over 3,000 m.

_,
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FIGURE 17—CONTINUED
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Kt Geostrophic scale in hnolsfor contours at KXJgpm intervals

bO

7O

FIGURE 18—AVERAGE 150-MB. CONTOURS, APRIL 1949-53
I.C.A.O. height = 44,647 ft. = 13,608 m.

Heights of isobaric surfaces are in geopotential decametres
Shaded areas represent land over 3,000 m.
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FIGURE 18—CONTINUED
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Kt Geostropnic scale in kwAiftr contours at lOOgpm intervals

75° Kf «° «7 5F SET 
5" 2tf If 3Cf 35° 4tf 45

FIGURE 19—AVERAGE 100-MB. CONTOURS, Al'Rll HI K) S t
I.C.A.O. height = 53,083 ft. = 16,180 m. 

Heights of isobaric surfaces are in geopotential decametres 
. Shaded areas represent land over 3,000 m.
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FIGURE 19—CONTINUED



H. HEASTIE AND P. M. STEPHENSON

Geosvophic sole in knots for 
contours 3t 100 gpm intervals

FIGURE 20—AVERAGE 700-MB. CONTOURS. APRIL 1949-53
I.C.A.O. height = 9,882 ft. = 3,012 m.

Heights of isobaric surfaces are in geopotential decametres
Shaded areas represent land over 3,000 m.
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525 ! 53O 535 54(t> 54

Geostrophic scale m knots for 
contours at 100 gpm intervals

FIGURE 21—AVERAGE 500-MB. CONTOURS, APRIL 1949-53
I.C.A.O. height = 18,289 ft. = 5,574 m.

Heights of isobaric surfaces are in geopotential decametres
Shaded areas represent land over 3,000 m.
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Geosuophic scale in knots for 
contours atlOOgpoi intervals

FIGURE 22—AVERAGE 300-MB. CONTOURS, APRIL 1949-53
I.C.A.O. height = 30,065 ft. = 9,164 m.

Heights of isobaric surfaces are in geopotential decametres
Shaded areas represent land over 3,000 m.
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Geostrophic scale m knots for 
contours at 100 gpm intervals

FIGURE 23—AVERAGE 200-MB. CONTOURS, APRIL 1949-53
I.C.A.O. height = 38,662 ft. = 11,784 m.

Heights of isobaric surfaces are in geopotential decametres
Shaded areas represent land over 3,000 m.
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Geosuophic scale in knot^ I
roni/i,,r^ at 100 aom inter•,.

FIGURE 24—AVERAGE 150-MB. CONTOURS, APRIL 1949-53
I.C.A.O: height = 44,647 ft. = 13,608 m.

Heights of isobaric surfaces are in geopotential decametres
Shaded areas represent land over 3,000 m.



UPPER WINDS OVER THE WORLD 103 75

Geostrophic scale in knots for 
contours at 100 gpm intervals

FIGURE 25—AVERAGE 100-MB. CONTOURS, APRIL 1949-53
I.C.A.O. height = 53,083 ft. = 16,180 m.

Hfiwht* of isobaric surfaces are in geopotential decametres
Shaded areas represent land over 3,000 m.
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t Geoslrophic scale in kflOU for contours at KDOqpm intervals

7? icf «• 6*
15° 2O° 25° 3Cf 35°

FIGURE 26—AVERAGE 700-MB. CONTOURS, JULY 1949-53
I.C.A.O. height = 9,882 ft. = 3,012 m.

Heights of isobaric surfaces are in geopotential decametres
Shaded areas represent land over 3,000 rn.
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FIGURE 26—CONTINUED
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Kt Geostrophic scale in knots for contours at IOO gpm intervals

IfeO " KO

FIGURE 27—AVERAGE 500-MB. CONTOURS, JULY 1949-53
I.C.A.O. height = 18,289 ft. = 5,574 m.

Heights of isobaric surfaces are in geopotential decametres
Shaded areas represent land over 3,000 m.
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FIGURE 27—CONTINUED
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Kt Geostrx>phic scale in knot! for contours at lOOgpm intervals

FIGURE 28—AVERAGE 300-MB. CONTOURS, JULY 1949-53
I.C.A.O. height = 30,065 ft. = 9,164 m.

Heights of isobaric surfaces are in geopotential decametres
Shaded areas represent land over 3,000 m.
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FIGURE 28—CONTINUED
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t Geostrophic scale "> knots for contours atOOgpm intervals5,- ————

FIGURE 29—AVERAGE 200-MB. CONTOURS, JULY 1949-53 
I.C.A.O. height = 38,662 ft. = 11,784 m.

Heights of isobaric surfaces are in geopotential decametres 
Shaded areas represent land over 3,000 m.
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FIGURE 29—CONTINUED
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FIGURE 30—AVERAGE 150-MB. CONTOURS, JULY 1949-53
I.C.A.O. height = 44,647 ft. = 13,608 m.

Heights of isobaric surfaces are in geopotential decametres
Shaded areas represent land over 3,000 m.
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FIGURE 30—CONTINUED
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Geostrophtc scale in knots for contours at tOOgpm intervals

FIGURE 31—AVERAGE 100-MB. CONTOURS, JULY 1949-53
I.C.A.O. height = 53,083 ft. = 16,180 m.

Heights of isobaric surfaces are in geopotential decametres
Shaded areas represent land over 3,000 m.
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FIGURE 31—CONTINUED
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103 88 H. HEASTIE AND P. M. STEPHENSON

GEOSTROPMIC WIND SCALE
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Geoslrophic scale in knots for 
contours at 100 gpm intervals

FIGURE 32—AVERAGE 700-MB. CONTOURS. JULY 1949-53
I.C.A.O. height = 9,882 ft. = 3,012 m.

Heights of isobaric surfaces are in geopotential decametres
Shaded areas represent land over 3,000 m.
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Gtostrophk scale in knots for 
contours at 100 gpm intervals

FIGURE 33—AVERAGE 500-MB. CONTOURS, JULY 1949-53
I.C.A.O. height = 18,289 ft. = 5,574 m.

Heights of isobaric surfaces are in geopotential decametres
Shaded areas represent land over 3,000 m.
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GEOSTROPHIC WIND SCALE
Kt 60 «>
"6050 30 K 20 15 '0

Geostrflpnic scafe in knots for 
contours at 100 gpoi intervals

FIGURE 34—AVERAGE 300-MB. CONTOURS. JULY 1949-53
I.C.A.O. height = 30,065 ft. = 9,164 m.

Heights of isobaric surfaces are in geopotential decametres
Shaded areas represent land over 3,000 m.
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FIGURE 35—AVERAGE 200-MB. CONTOURS, JULY 1949-53 
I.C.A.O. height = 38,662 ft. = 11,784 m.

Heights of isobaric surfaces are in geopotential decametres 
Shaded areas represent land over 3,000 m.
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GEOSTROPHIC WIND SCALE

GeosuopKic scale <n knots for 
concurs atlOOgpm intervals

FIGURE 36—AVERAGE 150-MB. CONTOURS, JULY 1949-53
I.C.A.O. height = 44,647 ft = 13,608 m.

Heights of isobaric surfaces are in geopotential decametres
Shaded areas represent land over 3,000 m.
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KfN

(Kpstrophic scale in knots for 
contours at 100 gpm intervals

FIGURE 37—AVERAGE 100-MB. CONTOURS, JULY 1949-53
I.C.A.O. height = 53,083 ft. = 16,180 m.

Heights of isobaric surfaces are in geopotential decametres
Shaded areas represent land over 3,000 m.
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Kl Geostrophic scale in knots for contours at KJOgpm mterva

FIGURE 38—AVERAGE 700-MB. CONTOURS, OCTOBER 1949-53
I.C.A.O. height = 9,882 ft. = 3,012 m.

Heights of isobaric surfaces are in geopotential decametres
Shaded areas represent land over 3,000 m.
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FIGURE 38—CONTINUED
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FIGURE 39—AVERAGE 500-MB. CONTOURS, OCTOBER 1949-53
I.C.A.O. height = 18,289 ft. = 5,574 m.

Heights of isobaric surfaces are in geopotential decametres
Shaded areas represent land over 3,000 m.
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FIGURE 39—CONTINUED



H. HEASTIE AND P. M. STEPHENSON

151
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Kt Geostrophic scale in hnoti for contours at IOO gpro intervals

ISO IfoO I4O 12O IOO 8O

FIGURE 40—AVERAGE 300-MB. CONTOURS, OCTOBER 1949-53
I.C.A.O. height = 30,065 ft. = 9,164 m.

Heights of isobaric surfaces are in geopotential decametres
Shaded areas represent land over 3,000 m.
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ao° 40 , 50' ISO

FIGURE 40—CONTINUED.
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ISO IfoO

Kt Geostrophic scale in Knots for contours at KXJgpm interval

IfoO I4O 8O t>O -4O

FIGURE 41—AVERAGE 200-MB. CONTOURS, OCTOBER 1949-53
I.C.A.O. height = 38,662 ft. = 11,784 m.

Heights of isobaric surfaces are in geopotential decametres
Shaded areas represent land over 3,000 m.
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FIGURE 41—CONTINUED



H. HEASTIE AND P. M. STEPHENSON

Kt Geostrophic scale in knots for contours at, IOO gpm intervals

FIGURE 42—AVERAGE 150-MB. CONTOURS, OCTOBER 1949-53
I.C.A.O. height = 44,647 ft. = 13,608 m.

Heights of isobaric surfaces are in geopotential decametres
Shaded areas represent land over 3,000 m.
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FIGURE 42—CONTINUED
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ISO IfoO I4O

40°

FIGURE 43—AVERAGE 100-MB. CONTOURS, OCTOBER 1949-53
I.C.A.O. height = 53,083 ft. = 16,180 m.

Heights of isobaric surfaces are in geopotential decametres
Shaded areas represent land over 3,000 m.
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GEOSTROPHIC WIND SCALE 
— «>«

8050 3025 20 15 10

Geosuoptiic scale in knots for 
contours at 100 gpm intervals

FIGURE 44—AVERAGE 700-MB. CONTOURS, OCTOBER 1949-53
I.C.A.O. height = 9,882 ft. = 3,012 m.

Heights of isobaric surfaces are in geopotential decametres
Shaded areas represent land over 3,000 m.
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Geost/ophic scale In knots fa- 
contours at 100 gpm intervals

FIGURE 45—AVERAGE 500-MB. CONTOURS, OCTOBER 1949-53
I.C.A.O. height = 18,289 ft. = 5,574 m.

Heights of isobaric surfaces are in geopotential decametres
Shaded areas represent land over 3,000 m.
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3/ 900 8952SO 885

scale m knols for 
contours at 100 gpm intervals

FIGURE 46—AVERAGE 300-MB. CONTOURS, OCTOBER 1949-53
I.C.A.O. height = 30,065 ft. = 9,164 m.

Heights of isobaric surfaces are in geopotential decametres
Shaded areas represent land over 3,000 m.
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Geostrophic scale in knots for 
contours at 100 gpm intervals

FIGURE 47—AVERAGE 200-MB. CONTOURS, OCTOBER 1949-53
I.C.A.O. height = 38,662 ft. = 11,784 m.

Heights of isobaric surfaces are in geopotential decametres
Shaded areas represent land over 3,000 m.
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Geosuophic scale m knots for 
contours at 100 gpm intervals

FIGURE 48—AVERAGE 150-MB. CONTOURS, OCTOBER 1949-53
I.C.A.O. height = 44,647 ft. = 13,608 m.

Heights of isobaric surfaces are in geopotential decametres
Shaded areas represent land over 3,000 m.
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GfOSTROPHIC WIND SCALE
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FIGURE 49—AVERAGE 100-MB. CONTOURS, OCTOBER 1949-53

I.C.A.O. height = 53,083 ft. = 16,180 m.
Heights of isobaric surfaces are in geopotential decametres

Shaded areas represent land over 3,000 m.
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180 IfoO I4O

10
I6O IfoO I4O 12O IOO SO

FIGURE 50—AVERAGE 700-MB. WINDS (KT.), JANUARY 1949-53
I.C.A.O. height = 9,882 ft. = 3,012 m.

Isotachs axe shown by continuous lines and streamlines by broken lines 
Areas with wind speed less than 10 kt. are lightly shaded; land over 3,000 m. is represented by heavier shad
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FIGURE 50—CONTINUED



4ND p. i\r s rr r>u i: v.so.V

FIGURE 51—AVERAGE 500-MB. WINDS (KT). JANUARY 1949-53
I.C.A.O. height = 18,289 ft. = 5,574 m.

Isotachs are shown by continuous lines and streamlines by broken lines 
Areas with wind speed less than 10 kt. are lightly shaded; land over 3,000 m. is represented by heavier shadii
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FIGURE 51—CONTINUED



H. HEAST1E AND P. M. STEPHENSON

FIGURE 52—AVERAGE 300-MB. WINDS (KT.), JANUARY 1949-53
I.C.A.O. height ^ 30,065 ft. = 9,164 m.

Isotachs are shown by continuous lines and streamlines by broken lines 
Areas with wind speed less than 10 kt. are lightly shaded; land over 3,000 m. is represented by heavier shading
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FIGURE 52—CONTINUED

103 117



103 118 H. HEASTIE AND P. M. STEPHENSON

FIGURE 53—AVERAGE 200-MB. WINDS (KT.), JANUARY 1949-53
I.C.A.O. height = 38,662 ft. = 11,784 m.

Isotachs are shown by continuous lines and streamlines by broken lines ^ 
Areas with wind speed less than 10 kt. are lightly shaded; land over 3,000 m. is represented by heavier shading
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FIGURE 53—CONTINUED
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180° IfoO I4O 8O

FIGURE 54—AVERAGE ISO-MB. WINDS <KT!), JANUARY 1949-53
I.C.A.O. height = 44,647 ft. = 13,608 m.

Isotachs are shown by continuous lines and streamlines by broken lines 
Areas with wind speed less than 10 kt. are lightly shaded; land over 3,000 m. is represented by heavier :
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FIGURE 54—CONTINUED
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H. HEASTIE AND P. M. STEPHENSON

FIGURE 55—AVERAGE 100-MB. WINDS (KT.), JANUARY 1949-53
I.C.A.O. height = 53,083 ft. = 16,180 m.

Isotachs are shown by continuous lines and streamlines by broken lines 
Areas with wind speed less than 10 kt. are lightly shaded; land over 3,000 m. is represented by heavier shading

J
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FIGURE 55—CONTINUED
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FIGURE 56—AVERAGE 700-MB. WINDS (KT.), JANUARY 1949-53
I.C.A.O. height = 9,882 ft. = 3,012 m.

Isotachs are shown by continuous lines and streamlines by broken lines 
Areas with speed wind less than 10 kt. are lightly shaded; land over 3,000 m. is represented by heavier shading>ng ^
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FIGURE 57—AVERAGE 500-MB. WINDS (KT.), JANUARY 1949-53
I.C.A.O. height = 18,289 ft. = 5,574 m.

Isotachs are shown by continuous lines and streamlines by broken lines 
Areas with wind speed less than 10 kt. are lightly shaded; land over 3,000 m. is represented bv heavier shading
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FIGURE 58—AVERAGE 300-MB. WINDS (KT.), JANUARY 194&-53
I.C.A.O. height = 30,065 ft. = 9-.164 m.

Isotachs are shown by continuous lines and streamlines by broken lines 
Areas with wind speed less than 10 kt. are lightly shaded; land over 3,000 m. is represented by heavier shading
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FIGURE 59—AVERAGE 200-MB. WINDS (KT.), JANUARY 1949-53
I.C.A.O. height = 38,662 ft. = 11,784 m.

Isotachs are shown by continuous lines and streamlines by broken lines 
Areas with wind speed less than 10 kt. are lightly shaded; land over 3,000 m. is represented by heavier shading
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FIGURE 60—AVERAGE 150-MB. WINDS (KT.), JANUARY 194&-53
I.C.A.O. height = 44,647 ft. = 13,608 m.

Isotachs are shown by continuous lines and streamlines by broken lines 
Areas with wind speed less than 10 kt. are lightly shaded; land over 3,000 m. is represented by heavier shading
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^^^^ FIGURE 61—AVERAGE 100-MB. WINDS (KT.), JANUARY 1949-53
^^H I.C.A.O. height = 53,083 ft. = 16,180 m.
^M^^^ Isotachs are shown by continuous lines and streamlines by broken lines
^BAreas with wind speed less than 10 kt are lightly shaded; land over 3,000 m. is represented by heavier shading

•^
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FIGURE 62—AVERAGE 700-MB. WINDS (KT.). APRIL 1949-53
I.C.A.O. height = 9,882 ft. = 3,012 m.

Isotachs are shown by continuous lines and streamlines by broken lines 
Areas with wind speed less than 10 kt. are lightly shaded; land over 3,000 m. is represented by heavier shading
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FIGURE 62—CONTINUED
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FIGURE 63—AVERAGE 500-MB. WINDS (KT.), APRIL 1949-53
I.C.A.O. height = 18,289 ft. = 5,574 m.

Isotachs are shown by continuous lines and streamlines by broken lines 
Areas with wind speed less than 10 kt. are lightly shaded; land over 3,000 m. is represented by heavier shading
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FIGURE 63—CONTINUED



FIGURE 64—AVERAGE 300-MB WINDS (KT.), APRIL 1949-53
I.C.A.O. height = 30,065 ft. = 9,164 m.

Isotachs are shown by continuous lines and streamlines by broken lines 
Areas with wind speed less than 10 kt. are h'ghtly shaded; land over 3,000 m. is represented by heavier shading
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FIGURE 64—CONTINUED
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FIGURE 65—AVERAGE 200-MB. WINDS (KT.). APRIL 1949-53
I.C.A.O. height = 38,662 ft. = 11,784 m.

Isotachs are shown by continuous lines and streamlines by broken lines 
Areas with wind speed less than 10 kt. are lightly shaded; land over 3,000 m. is represented by heavier shading
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FIGURE 65—CONTINUED
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I8O° lfc>O° I4O° I2O°

FIGURE 66—AVERAGE 150-MB. WINDS (KT), APRIL 1949-53
I.C.A.O. height = 44,647 ft. = 13,608 m.

Isotachs are shown by continuous lines and streamlines by broken lines 
Areas with wind speed less than 10 kt. are lightly shaded; land over 3,000 m. is represented by heavier shading
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FIGURE 66—CONTINUED
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FIGURE 67—AVERAGE 100-MB. WINDS (KT.), APRIL 1949-53
I.C.A.O. height = 53,083 ft. = 16,180 m.

Isotachs are shown by continuous lines and streamlines by broken lines 
Areas with wind speed less than 10 kt. are lightly shaded; land over 3,000 m. is represented by heavier shading
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FIGURE 67—CONTINUED
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FIGURE 68—AVERAGE 700-MB. WINDS (KT.). APRIL 1949 53
I.C.A.O. height = 9,882 ft. = 3,012 m.

Isotachs are shown by continuous lines and streamlines by broken lines 
Areas with wind speed less than 10 kt. are lightly shaded; land over 3,000 m. is represented by heavier shading
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FIGURE 69—AVERAGE 500-MB. WINDS (KT.), APRIL 1949-53
I.C.A.O. height = 18,289 ft. = 5,574 m.

Isolate d.it- shown by continuous lines and streamlines by broken lines 
Areas with wind speed less than 10 kt. are lightfy shaded; land over 3,000 m. is represented by heavier shading
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FIGURE 70—AVERAGE 300-MB. WINDS (KT.), APRIL 1949-53
I.C.A.O. height = 30,065 ft. = 9,164 m.

Isotachs are shown by continuous lines and streamlines by broken lines 
Areas with wind speed less than 10 kt. are lightly shaded; land over 3,000 m. is represented by heavier shadm
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FIGURE 71—AVERAGE 200-MB. WINDS (KT.), APRIL 1949-53

I.C.A.O. height = 38,662 ft. = 11,784 m.
Isotachs are shown by continuous lines and streamlines by broken lines 

Areas with wind speed less than 10 kt. are lightly shaded; land over 3,000 m. is represented by heavier shading
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FIGURE 72—AVERAGE 150-MB. WINDS (KT.), APRIL 1949-53
I.C.A.O. height = 44,647 ft. = 13,608 m.

Isotachs are shown by continuous lines and streamlines by broken lines 
Areas with wind speed less than 10 kt. are lightly shaded; land over 3,000 m. is represented by heavier shading
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FIGURE 73—AVERAGE 100-MB. WINDS (KT.), APRIL 1949-53
I.C.A.O. height = 53,083 ft. = 16,180 m.

Isotachs are shown by continuous lines and streamlines by broken lines 
|Areas with wind speed less than 10 kt. are lightly shaded; land over 3,000 m. is represented by heavier shading
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FIGURE 74—AVERAGE 700-MB. WINDS (KT.), JULY 1949-53
I.C.A.O. height = 9,882 ft. = 3,012 m.

Isotachs are shown by continuous lines and streamlines by broken lines 
Areas with wind speed less than 10 kt. are lightly shaded; land over 3,000 m. is represented by heavier shading
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FIGURE 74—CONTINUED
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FIGURE 75—AVERAGE 500-MB. WINDS (KT.), JULY 1949-53
I.C.A.O. height = 18,289 ft. = 5,574 m.

Isotachs are shown by continuous lines and streamlines by broken lines 
Areas with wind speed less than 10 kt. are lightly shaded; land over 3,000 m. is represented by heavier shading
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FIGURE 75—CONTINUED
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FIGURE 76—AVERAGE 300-MB. WINDS (KT.), JULY 1949-53
I.C.A.O. height = 30,065 ft. = 9,164 m.

Isotachs are shown by continuous lines and streamlines by broken lines 
Areas with wind speed less than 10 kt. are lightly shaded; land over 3,000 m. is represented by heavier shading
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FIGURE 77—AVERAGE 200-MB. WINDS (KT.), JULY 1949-53
I.C.A.O. height = 38,662 ft. = 11,784 m.

Isotachs are shown by continuous lines and streamlines by broken lines 
Areas with wind speed less than 10 kt. are lightly shaded; land over 3,000 m. is represented by heavier shading
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FIGURE 77—CONTINUED
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FIGURE 78—AVERAGE 150-MB. WINDS (KT.), JULY 1949-53
I.C.A.O. height = 44,647 ft. = 13,608 m.

Isotachs are shown by continuous lines and streamlines by broken lines 
Areas with wind speed less than 10 kt. are lightly shaded; land over 3,000 m. is represented by heavier shading
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FIGURE 78—CONTINUED
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FIGURE 79—AVERAGE 100-MB. WINDS (KT.), JULY 1949-53
I.C.A.O. height = 53,083 ft. = 16,180 m.

Isotachs are shown by continuous lines and streamlines by broken lines 
Areas with wind speed less than 10 kt. are lightly shaded; land over 3,000 m. is represented by heavier shading



UPPER WINDS OVER THE WORLD 103 159

FIGURE 79—CONTINUED
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FIGURE 80— A\ r.n.A^E 700-MB. WINDS (KT.), JULY 1949-53
I.C.A.O. height = 9,882 ft. = 3,012 m.

Isotachs are shown by continuous lines and streamlines by broken lines 
Areas with wind speed less than 10 kt. are lightly shaded; land over 3,000 m. is represented by heavier shading
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FIGURE 81—AVERAGE 500-MB. WINDS (KT.), JULY 194&-53
I.C.A.O. height = 18,289 ft. = 5,574 m.

Isotachs are shown by continuous lines and streamlines by broken lines 
Areas with wind speed less than 10 kt. are h'ghtly shaded; land over 3,000 m. is represented by heavier shading
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FIGURE 82—AVERAGE 300-MB. WINDS (KT.), JULY 1949-53
I.C.A.O. height = 30,065 ft. = 9,164 m.

Isotachs are shown by continuous lines and streamlines by broken lines 
Areas with wind speed less than 10 kt. are lightly shaded; land over 3,000 m. is represented by heavier shading

j
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FIGURE 83—AVERAGE 200-MB. WINDS (KT.), JULY 1949-53
I.C.A.O. height = 38,662 ft. = 11,784 m.

Isotachs are shown by continuous lines and streamlines by broken lines 
Areas with wind speed less than 10 kt. are lightly shaded; land over 3,000 m. is represented by heavier shading
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FIGURE 84—AVERAGE 150-MB. WINDS (KT.), JL'l.Y 1949-53
I.C.A.O. height = 44,647 ft. = 13,608 m. 

Isotachs are shown by continuous lines and streamlines by broken lines 
Areas with wind speed less than 10 kt. are lightly shaded; land over 3,000 m. is represented by heavier shading
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FIGURE 85—AVERAGE 100-MB. WINDS (KT.), JULY 1949--53
I.C.A.O. height = 53,083 ft. = 16,180 m.

Isotachs are shown by continuous lines and streamlines by broken lines 
i with wind speed less than 10 kt. are lightly shaded; land over 3,000 m. is represented by heavier shading
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FIGURE 86—AVERAGE 700-MB. WINDS (KT.), OCTOBER 1949-53
I.C.A.O. height = 9,882 ft. = 3,012 m.

Isotachs are shown by continuous lines and streamlines by broken lines 
Areas with wind speed less than 10 kt. are lightly shaded; land over 3,000 m. is represented by heavier shading
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FIGURE 86—CONTINUED
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FIGURE 87—AVERAGE SOO-MB. WINDS (KT.), OCTOBER 1949-53
I.C.A.O. height = 18,289 ft. = 5,574 m. 

Isotachs are shown by continuous lines and streamlines by broken lines 
Areas with wind speed less than 10 kt. are lightlv shaded; land over 3,000 m. is represented by heavier shading
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FIGURE 87—CONTINUED

103 169



103 170 H. HEASTIE AND P. M. STEPHENSON

K————————

FIGURE 88—AVERAGE 300-MB. WINDS (KT.), OCTOBER 1949-53
I.C.A.O. height = 30,065 ft. = 9,164 m.

Isotachs are shown by continuous lines and streamlines by broken lines 
Areas with wind speed less than 10 kt. are lightly shaded; land over 3,000 m. is represented by heavier shading
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FIGURE 88—CONTINUED
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FIGURE 89—AVERAGE 200-MB. WINDS (KT.), OCTOBER 1949-53
I.C.A.O. height = 38,662 ft. = 11,784 m.

Isotachs are shown by continuous lines and streamlines by broken lines 
Areas with wind speed less than 10 kt. are lightly shaded; land over 3,000 m. is represented by heavier shading

J
J J
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FIGURE 89—CONTINUED
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FIGURE 90—AVERAGE 150-MB. WINDS (KT.)'. OCTOBER 1949-53
I.C.A.O. height = 44,647 ft. = 13,608 m.

Isotachs are shown by continuous lines and streamlines by broken lines 
Areas with wind speed less than 10 kt. are lightly shaded; land over 3,000 m. is represented by heavier shading j



UPPER WINDS OVER THE WORLD 103 175

FIGURE 90—CONTINUED
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FIGURE 91—AVERAGE 100-MB. WINDS (KT.). OCTOBER 1949-53
I.C.A.O. height = 53,083 ft. = 16,180 m.

Isotachs are shown by continuous lines and streamlines by broken lines 
Areas with wind speed less than 10 kt. are lightly shaded; land over 3,000 m. is represented by heavier shading
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FIGURE 91—CONTINUED



FIGURE 92—AVERAGE 700-MB. WINDS (KT.), OCTOBER 1949-53
I.C.A.O. height = 9,882 ft. = 3,012 m.

Isotachs are shown by continuous lines and streamlines by broken lines 
Areas with wind speed less than 10 kt. are lightly shaded; land over 3,000 m. is represented by heavier shadin
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FIGURE 93—AVERAGE 500-MB. WINDS (KT.), OCTOBER 1949-53
, I.C.A.O. height = 18,289 ft. = 5,574 m.
^L Isotachs are shown by continuous lines and streamlines by broken lines
•tAreas with wind speed less than 10 kt. are lightly shaded; land over 3,000 m. is represented by heavier shading
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FIGURE 94—AVERAGE 300-MB. WINDS ^i.i. OCTOBER 1949-53
I.C.A.O. height = 30,065 ft. = 9,164 m.

Isotachs are shown by continuous lines and streamlines by broken lines 
Areas with wind speed less than 10 kt. are lightly shaded; land over 3,000 m. is represented by heavier shading ^
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FIGURE 95—AVERAGE 200-MB. WINDS (KT.), OCTOBER 1949-53
I.C.A.O. height = 38,662 ft. = 11,784 m.

Isotachs are shown by continuous lines and streamlines by broken lines 
Areas with wind speed less than 10 kt. are lightly shaded; land over 3,000 m. is represented by heavier shading
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FIGURE 96—AVERAGE 150-MB. WINDS (KT.), OCTOBER 1949-53
I.C.A.O. height = 44,647 ft. = 13,608 m.

Isotachs are shown by continuous lines and streamlines by broken lines 
Areas with wind speed less than 10 kt. are lightly shaded; land over 3,000 m. is represented by heavier shading
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FIGURE 97—AVERAGE 100-MB. WINDS (KT.), OCTOBER 1949-53
I.C.A.O. height = 53,083 ft. = 16,180 m

Isotachs are shown by continuous lines and streamlines b} DiuKfu nnc» 
with wind speed less than 10 kt. are litrhtlv shaded: land over 3,000 m. is represented by heavier shading
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