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AVERAGE TEMPERATURES, CONTOUR HEIGHTS AND WINDS 
AT 30 MILLIBARS OVER THE NORTHERN HEMISPHERE

SUMMARY

Geophysical Memoirs No. 112 (1970) included charts and diagrams describing average temperatures, con­ 
tour heights and winds, and the variability of each, at the 50-mb level (approximately 20.5 km) over the 
northern hemisphere for the months of January, April, July and October and for areas north of 45°N for the 
months of February and March. The aim of this Memoir is to provide a comparable climatology of the 30-mb 
(approximately 24-km) level. Charts for August and September are included in this publication as it is 
during these months that the high-latitude stratosphere changes from the regime typical of summer to that 
typical of winter.

The Memoir is divided into three parts. Part I deals with average temperatures and includes a section on 
'The final warming' when the high-latitude stratospheric-temperature patterns undergo large oscillations 
which result in a sudden wanning (sometimes of 30 deg) during the late-winter or early-spring months. The 
average contour-height charts are described in Part II. The average winds are dealt with in Part III where 
sections are included describing the elliptical nature of the wind distributions, the quasi-biennial oscil­ 
lation in tropical stratospheric winds and the spring and autumn reversals of 30-mb winds over Scotland,

The basic charts, i.e. those showing the average values and their variability for the months considered, 
are published together as Plates 1 to 48 (for ease of reference) whilst additional charts and diagrams are 
included in the relevant part of the text.

THE DATA

The charts are based upon observations by radiosonde and radar wind-finding equipment made 
chiefly within an eight-year period. For January, February, March and April the years used for most 
stations were 1958-65 and for July, August, September and October 1957-64. All available ascents, 
irrespective of hours of observation, were used in the computation of the averages and standard 
deviations. The individual values of 30-mb data were obtained from several different sources. The 
International Geophysical Year (IGY) and the International Geophysical Co-operation (IGC) micro- 
cards were used for months between July 1957 and October 1959. Apart from these IGY/IGC micro- 
cards the main source of the daily values was the Daily Series, Part II Data Tabulations (1955-64). 
In addition the publications for some individual countries were used and considerable help was 
obtained from data supplied on punched cards from the United States of America and Norway, micro­ 
film from USSR and Denmark and manuscript data from Italy. Without the co-operation of these other 
meteorological services it would be impossible to undertake a project of this nature. Russian data 
for 1966 were used in place of I960 for some of the months as I960 appeared to be a year when 
fewer ascents reached 30 mb.

Data were available for about 300 stations on the hemispheric charts and about 180 in February, < 
March, August and September when the charts were restricted to the area north of 45°N. The values 
of temperature, wind and contour height for each individual ascent were punched on to paper tape 
or cards, .written to magnetic tape and processed in the Meteorological Office computer. The program 
calculated and printed out pentad (i.e. 5-day) mean values for the various elements, monthly means 
calculated from the pentad values and eight-year averages calculated from the monthly means. For 
every station the various pentad and monthly means and the eight-year averages were calculated 
for 0001 and 1200 GMT separately and for the two hours combined. The averages used in the con­ 
struction of the charts are those for the two hours combined, and the standard deviations represent 
the variability of all the observations about this average value. No weighting factor was applied to
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a year with a small number of observations.

Thc'tnany difficulties and uncertainties encountered in the analysis of stratospheric-level 
charts are well known and need not be repeated here in detail. However, it should be<remembered 
that, at this level, there are very few areas of the hemisphere which provide a really adequate and 
homogeneous set of data for an eight-year period and there are some areas, for example China, 
where no data at all were available* The frequency with which radiosonde and radar wind ascents 
reach the 30-mb level is determined not only by the quality of the equipment and instruments used 
but also by the winds and temperatures prevailing at the time of the'ascent. As a consequence' 
more ascents reach this level in conditions of lighter winds and higher temperatures than is the 
case when winds are strong and the stratosphere is relatively .cold.

In order to increase the number of individual observations of wind and temperature'any obser­ 
vations in the range 25 to 35 mb which were included in the original data were extracted and used, 
but no attempt was made to interpolate or extrapolate to obtain the height of the 30-mb surface*

At tropical stations using the Meteorological Office radiosonde-Mark 2B the temperature data 
for 1962-68 -were used because* during the'preparation of the 50-mb charts, it was found that the 
earlier data from these stations gave spuriously low average temperatures and large standard 
deviations which, it was established, were very largely,due to instrumental errors. To make allo­ 
wance for the different types of radiosonde instruments used some of the average values, particu­ 
larly over Africa, were changed in accordance with.values given byiHawson (1964).

In high latitudes in the North American and European sectors the winter and early spring 
monthlyimean temperatures obtained from the pentad values gave very misleading values at some 
stations -particularly in any month when there were few observations during a significant warming 
and data for most of the remainder of the'month were missing. Eight-year average temperatures 
derived from such monthly means were>in error and additional errors occurred because; at some' 
stations, no data at all were available for some.of the years used. In order to ensure that the aver­ 
age'temperatures were.made'more'representative'for the'eight-year period the data and results for 
stations within this area were examined in detail. At each:station special consideration was given 
to any ; month;for which no data at all were available or for which any monthly mean temperature was 
suspect owing to data not being available for part of the month. An estimate of the'monthlyimean 
temperature<for the'particular station was made after examination of the data and results for sur­ 
rounding stations. These estimated monthly mean temperatures were then used to obtain a revised 
eight-year average'value-and this value was used in the final analysis of the chart. The method is 
somewhat crude'but it results in a more realistic analysis in an area which is of particular interest. 
In the winter months over highrlatitude'areas, die missing observations tend to increase the magni­ 
tude of the computed standard deviation and this was borne'in mind when analysing the charts.

It will be appreciatedc that, throughout the analysis of the charts, a good deal of subjectivity 
was inevitable'and, <with projects of this nature* this will continue to be so until more'homogenous 
and more'plentiful data become-available'at the higher levels. In spite of the'inadequacy, of the' 
data it is felt that the charts provide an acceptable and useful representation of the main features 
of the climatology of the middle stratosphere for use until such time as more homogeneous and 
more plentiful data do become available*
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PART I - AVERAGE TEMPERATURES AT 30 MILLIBARS AND THEIR VARIABILITY

1-GENERAL

The average temperatures at 30 mb for January, April, July and October for the whole of the 
northern hemisphere'are presented on the charts in Plates 1, 3, 4 and 6, Those for February and 
March.and for August and September are shown in Plates 2 and 5 respectively. These charts 
cover the area from the pole to 45°N and are included because the reorganization of the high- 
latitude stratospheric-temperature patterns in spring and autumn makes it difficult, or sometimes 
impossible, no interpolate between the January and April or the July and October charts. South of 
45°N interpolation between the average charts for the mid-season months is considered adequate 
for most practical purposes.

Corresponding charts of standard deviation of temperature at 30 mb for the same months are 
contained in Plates 7-12 and, 'because of the bimodal character of the temperature distribution in 
high latitudes during winter and spring months, a selection of histograms showing observed and 
theoretical frequency distributions is included alongside the charts for January to April. Additional 
histograms for selected stations for all months considered are given in Figure 6,

The charts for the winter and spring months should be used with caution in those higher-latitude 
areas which are dominated by i the two very different thermal regimes and it is hoped that the selec­ 
tion of histograms given will enable the reader to determine for himself the months and the areas in 
which temperatures do not conform to the'normal distribution.

2-:DISCUSSION OF THE CHARTS

The January and February charts (Plates 1 and 2a) show isotherm patterns in middle and high 
latitudes which are typical of the winter regime^ The principal climatological features are the 
cold area between northreast Greenland and north Norway, the warm region in the vicinity of 
Kamchatka and the • warm belt around the'hemisphere which varies from 50 to 60 °N to the east and 
west of Kamchatka to about 30°N in other parts of the hemisphere^ South of the temperature 
maximum in middle latitudes there is a decreaseof temperature to -58 to -64 °C towards the equator 
By March (Plate 2b) the centre of the cold area has moved south-east to the Gulf of Bothnia and 
temperatures at the centre are appreciably warmer than in January and February. The centre of the 
'Aleutian' warm area changes little from February to March. The changes which take place between 
January and March result in a marked decrease in the temperature gradient over much of the Arctic 
basin and this decrease is more marked on the April chart (Plate 3). By April the warm area has 
moved nearer the pole to be centred over the north of east Siberia while, on the other side of the 
hemisphere, in the<region of the British Isles, there are still the remnants of a weak cold area with 
temperatures of about -54^0 and there are also small weak cold centres at a similar latitude over 
North .America. The April chart bears a closer resemblance to the July chart (Plate 4) than it does 
to those of the earlier winter months. The main features of the mid-summer stratospheric-temperature 
regime are the warm area centred near the North Pole within which average temperatures are a 
little above -40 °C and the gradual decrease to values of -54 to -60 °C near the equator. It is notice- 
able that the warm area is not symmetrical about the North Pole but the warmer air is displaced 
towards the Canadian sector and also that, in highilatitudes, the temperature gradient over Russia
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is appreciably istronger than the gradient over North:America. The August isotherm pattern over 
middle and high latitudes (Plate 5a) resembles closely the July-chart and the only significant 
difference between the two months is the seasonal cooling of 3 or 4 deg in higher latitudes. The 
average chart for September (Plate 5b) shows this to be the transitional monthibetween the well- 
defined summer and winter patterns. Over the hemisphere northiof 45°N temperature gradients are 
generally very weak. By October (Plate 6) the chart shows that the features associated with a 
mid-winter pattern are becoming established. There is a cold area centred near the pole where 
average temperatures are about -61 °C. The Aleutian warm area is evident although the highest 
temperatures, about -50.5 °C, appear to be centred over the Sea of Okhotsk and the warm belt, < 
which is a characteristic feature of the winter stratosphere* is becoming established.

Figure 1 shows the 30-mb temperatures, 'for the months January to April and July to October, • 
averaged around latitude circles. The averages were obtained from the charts using values at the
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intersections of every 10 degrees of longitude with every 5 degrees of latitude^ This shows clearly 
the very large annual variation in high latitudes and the much smaller annual variation in other 
latitudes. The very large rise in temperature which takes place in the high-latitude stratosphere 
between January and April is a striking feature of this diagram. Most of this rise takes place from 
February to March although, in any individual year the time at which the final warming takes place 
varies considerably and the major rise may.occur earlier or later. In both January and February 
thereds a sharp rise<in temperature'from the polar region to the latitude of the warm belt (about 
40 to 50°N) and then a relatively gradual decrease in temperature towards the equator. The July 
curve shows the gradual decrease in temperature from the warm area near the pole to the cold region 
near the equator. In higher latitudes the seasonal cooling from August to September is approxim­ 
ately double'that from July to August and, although the-winter features are present in October, as 
the winter advances the high-latitude stratosphere cools a further 15 deg or so to the January 
values of about -73 to -74°C and the temperature gradients between high and middle latitudes 
increase•con siderably t

In low latitudes, in addition to the annual variation there is also a fluctuation in the monthly 
mean temperatures which • is associated with the quasi-biennial oscillation (QBO) in the zonal 
wind component and analysis of the 30-mb temperature data at Canton Island (02° 46 'S, 171° 43 'W) 
shows that the<QBO accounts for nearly.half of the total variance'whereas the annual oscillation 
accounts for only about a quarter.

The-hemispheric pattern of these temperature variations from season to season is shown in 
more detail on the charts in Figures 2-5. In an area near the North Pole and north Greenland 
there is a rise of over 25 deg between January and April (Figure 2). Most of this warming takes 
place in the period January to March and is dealt with in more detail later in the text under the 
heading 'The final warming'. From April to July (Figure'3) there is a further warming in high lati­ 
tudes with!peak values of 10 deg off northern Norway. Figure 4 shows the marked seasonal 
cooling from summer to autumn in high latitudes. Over north Greenland and the pole there is a 
cooling of more'than 20 deg most of which.takes place between August and October. Figure-5 
shows that the high-latitude stratosphere continues to cool between October and January. In the 
region of Spitsbergen this cooling exceeds 14 deg. However, in the'Aleutian region the warm 
area intensifies with peak values exceeding 7 deg.

The charts of standard deviation of temperature at 30 mb are shown in Plates 7-12 and frequency 

distributions for a selection of stations between 45°N and the pole are included alongside the 
charts for January, February, March and April. Comments on the• charts follow here^ but, 'before- 
using them, the reader is advised to refer to the section on 'The final warming' as the charts 
need to be used with caution and understanding of the events which take place during the late 
winter/spring period in high latitudes.

In January (Plate 7) the standard deviation exceeds 10 deg over a considerable area in high 
and some middle latitudes with'the maximum occurring over the central districts of west Greenland. 
The trough)in the pattern, indicating high standard deviations, over the North;Sea and central 
Europe may be'attributed to those stratospheric warmings which ;originate over or to the east of 
south-east Europe'and move in a north-westerly direction. In the tropics from mid North'Atlantic 
across central America and the Pacific to the Phillipines the standard deviation is between 2 and 
3 deg but in low latitudes over Africa and the Indian Ocean there is evidence for suggesting that
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FIGURE 2. CHANGE OF AVERAGE TEMPERATURES AT 30 MILLIBARS FROM JANUARY TO 
APRIL, 1957-64
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FIGURE 3. CHANGE OF AVERAGE TEMPERATURES AT 30 MILLIBARS FROM APRIL TO JULY, 

1957-64
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FIGURE 4. CHANGE OF AVERAGE TEMPERATURES AT 30 MILLIBARS FROM JULY TO OCTOBER, 
1957-64
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FIGURE 5. CHANGE OF AVERAGE TEMPERATURES AT 30 MILLIBARS FROM OCTOBER TO 
JANUARY, 1957-64
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variability is a little'higher with values exceeding 5 deg. The chart for February (Plate 8a) shows 
that, as in January^ the standard deviations are large in high {latitudes with:values of more than 
10 deg over much of the Arctic. In March (Plate.8b) the variability is still high:with a maximum 
value of 12.3 deg at Alert (based on 383 observations in the.eight-year period). Plate 9 shows 
that by,April the highrlatitude stratospheric-temperature regime is much less variable with maxi­ 
mum values of about 6.deg from northern Canada to northern Scandinavia. The charts for July, 
August and September (Plates 10, lla and lib) illustrate the very marked change in the variabi­ 
lity between winter (Plate 7) and summer especially in high latitudes. Over a large part of the 
hemisphere northiof 45°N the standard deviation is generally about 2 or 3 deg although, in July, 
there is some.evidence for suggesting higher values over North Africa, India and into China. By 
October (Plate 12) over most high-latitude areas the standard deviation exceeds 3 deg with 
values higher than 4 deg from the North Atlantic across the.Russian arctic to northeast Siberia. 
These relatively low values indicate.that during summer and autumn, in high latitudes, there is 
nothing comparable with the sudden warmings which take place in winter and spring to disrupt 
the temperature regime; In October, as in the other mid-season months, the.standard deviation 
exceeds 4 deg across Africa, the Indian Ocean and southreast Asia. However, these are areas 
with relatively few radiosonde stations and owing to the paucity of data it is not possible'to be 
very confident about the analysis there*

The charts of average temperature and their standard deviations do provide useful and reliable 
information for the summer months and also, for a large part of the hemisphere, for the other 
months considered but those for the winter/spring months should be used with extreme caution in 
areas where the distribution is known to be bimodal. In those areas a considerable amount of 
additional useful information can be obtained from the relevant temperature*frequency diagrams.

The frequency distributions of 30-mb temperatures for a selection of stations in different lati­ 
tudes are given in Figure 6 and the relevant statistics are presented in Table I. These histo­ 
grams, and those for highrlatitude stations which accompany the standard deviation charts 
(Plates 7-9) confirm that in winter and spring the frequency distributions of stratospheric temp­ 
eratures in some high latitudes are distinctly bimodal. As at 50 mb, it is of interest to note that 
at Adak, situated within the Aleutian stratospheric warm area, the cold regime never became 
established during January to March in the years 1958-65 whereas at Crawley, at a comparable 
latitude.on the other side of the hemisphere, much wider fluctuations of temperature occurred with a 
minimum of -85 °C in February. The lower-latitude stations all show a unimodal temperature 
distribution in January and the histograms for April, July, August, September and October all 
show that the 30-mb temperature distribution is nearly normal over the hemisphere generally.
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3-THE FINAL FARMING

As stated earlier in the text the high-latitude stratospheric-temperature regime undergoes a rad­ 
ical change between January and April. In some years there are quite large temperature oscil­ 
lations and, in most years, there is a final warming in late winter or early spring, after which 
'summer' temperature patterns are established. The manner in which this change takes place 
varies quite considerably from year to year and presents difficulties in trying to describe the 
climatology by means of averages and standard deviations. Some of these difficulties can be rea­ 
dily seen in Figures 7 and 8 which show the 30-mb twice-daily temperatures from January to 
April at Alert and Keflavik for three different years.

At Alert in 1958 there was a warming in January. Temperatures were near -80 °C around the 
25th and then rose sharply to -33 t on 1 February to give a warming of about 45 deg. This was 
followed by a cooling, another warming and then a gradual cooling with temperatures near -60 °C 
throughout March. There was then a slow rise in April. In 1961 there was a warming from about
-80 °C in early January to warmer than -55 °C towards mid month. This was followed by a cooling 
to below -70 °C until the end of February when a slow warming started and temperatures reached
-28 °C by mid March, after which temperatures remained generally above -50 °C. In 1965 temper­ 
atures remained near -80^ through January with only slight warming in February. There was no 
major warming until late March when two warmings of 10 to 20 deg occurred. There was a further 
warming in April after which temperatures remained above -50 °C.

At Keflavik (Figure 8) in 1958 there was a warming in January. Temperatures rose sharply from
-82 °C on 22nd to -28 °C on 30th - a rise of 54 deg. This was followed by a cooling, another 
warming and then a gradual cooling with temperatures near —60°C throughout March and early 
April. There was then a slow rise to -50 to -55 °C at the end of April. In 1964 there was a minor 
warming and cooling in January followed by several other minor warmings and coolings of about 
15 to 20 deg during February, then, around mid March there was a warming of about 30 deg after 
which temperatures remained about -50 °C. in 1965 temperatures were around -80 ̂ C through most 
of January and there were two warmings and coolings of 10 to 20 deg in February. During the 
second half of Marchia warming from -71 °C to -36 °C took place in two stages after which temp­ 
eratures remained between -50 and -60 °C.

These data for Alert (Figure 7) and Keflavik (Figure 8) show that, apart from die 'final' warming, 
there can be a number of minor warmings in any one year. These minor warmings do not lead to a 
breakdown of the vortex and can be due to migration and intensification of the Aleutian high. Minor 
warmings also occur over the Atlantic and European sectors. The temperatures within these minor 
warmings may well reach values comparable with the major warmings but they move around the vortex 
and do not reach the pole to cause the vortex to break down.

Because of the sudden warmings or the 'final' warming it is apparent that there can be very 
large differences in the high-latitude temperature patterns within a particular month. This is 
illustrated in Figures 9-12. Between 1 and 5 January and from 26 to 31 January 1963 there was
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a warming of more than 50 deg over parts of northern Canada. The charts in Figure 10 show that 
in February 1964, over a large part of Canada, there was a warming of over 15 deg (more than 
20 deg in some areas) whilst on the other side of the hemisphere, over Russia, there was a 
cooling of about 10 deg. In March 1965 (Figure 11) rises of 20 deg and above took place in high 
latitudes over a large area of the Canadian, Atlantic and European sectors with the maximum rise, 
of about 30 deg, centred near southern Greenland. Although sometimes in April variations of 
daily temperatures are small the mean charts for the first and last pentads in April 1965 (Figure 
12) show that this is not always so. In that month the pentad means varied by as much as 15 deg 
in some places.

In considering the charts in Figures 9-12 it should be borne in mind that these are meaned 
over several days and so do not represent extreme values. The statistics for individual months 
for the three stations in Table II give an indication of the magnitude of the range of temperatures 
which occurs in high latitudes but over the area where stratospheric warmings are most pro­ 
nounced (i.e. north Canada, Atlantic and European sectors) the absolute extremes of 30-mb 
temperature vary from several degrees colder than -80 °C to warmer than -30^ in January, 
February and March.

Because of the very marked year-to-year differences in the date of the breakdown of the polar 
vortex and the manner in which the final warming occurs it must be emphasized that the monthly 
mean charts over high and some middle latitudes do vary quite considerably from one year to 
another during the winter/spring period and the chart for an individual month can be very differ­ 
ent from the longer-period average. To illustrate this point charts for contrasting Januarys, 
Februarys, Marches and Aprils are shown in Figures 13, 14, 15 and 17.

In January 1963 (Figure 13a) no data were available for the area from 20 to 180°E in high 
latitudes but the data coverage over the remainder of the chart is sufficient to illustrate that a 
very marked warming took place over Canada. By the middle of the month there was an area over 
the Atlantic within which temperatures were as warm as those in the warm area which was 
centered over Kamchatka. This Atlantic warm area intensified and moved north-westwards to the 
north of Hudson Bay where 30-mb temperatures of about -20 °C were recorded for several days 
towards the end of the month. At the end of the month the coldest region was over the Gulf of 
Alaska. In January 1965 the coldest area was centred over the Greenland Sea and the warmest 
region was in the vicinity of Kamchatka. No major warming occurred and there were no very 
significant changes in the 30-mb isotherm pattern during the month. From these two charts it 
is clear that, in some areas, there can be differences of up to 20 deg between the monthly means 
for different Januarys. Comparing these two charts, this is so over Greenland and also in the 
Gulf of Alaska, whilst differences of up to 15 deg cover a wide area. The monthly mean chart 
for February 1965 (Figure 14a) shows a typical winter pattern with a cold area (colder than 
-75 °Q centred near Spitsbergen and a warm area (warmer than -45 t) centred near Kamchatka 
with a strong thermal gradient between the pole and the Bering Strait region. On the chart for 
February 1958 (Figure 14b) the winter cold area has disappeared and in high latitudes tempera­ 
ture gradients are weak with the main warm area over north Siberia (-45 °C) and a secondary 
warm area (-50 °C) over north,Canada. These two Februarys show differences of more than 20 deg 
in their monthly mean 30-mb temperatures over quite a large area.

In March I960 (Figure 15a) the winter circulation continued to the end of the month and so
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the monthly mean chart shows a typical winter pattern. By contrast, the chart for March 1964 
(Figure 15b) shows a warm area (warmer than -40 °Q extending from central Siberia across the 
Arctic Ocean towards northern Canada and so, over most high-latitude areas, this monthly mean 
pattern resembles the summer-temperature regime. These two March charts show differences of 
20 to 30 deg in the monthly mean temperatures over quite a large area. The pentad mean maps 
for March 1964 are shown in Figures I6a-f as the sequence of events is particularly interesting 
in that it shows the marked warming of more than 30 deg which took place over the Russian 
arctic. The analysis over Russia is based on data supplied by the World Data Centre of the 
Institute of Aeroclimatology in Moscow.

The chart for April 1959, (Figure 17a) shows a typical summer pattern with a warm area 
(warmer than -45 °C) near the pole but in April 1963 (Figure 17b) temperatures over Canada were 
generally -55 to -60^ in association with a contour low cell which was centred north of 
Hudson Bay for much of the month. The year-to-year differences in April are not as large as in 
January to March but monthly mean temperatures on the two charts shown vary by more than 
10 deg in some areas.

From the foregoing remarks it is apparent that in winter and spring much of the Arctic strato­ 
sphere is dominated by two very different thermal regimes. Consequently the temperature distri­ 
butions in areas where this is so are not normal and there is a marked tendency for the distribution 
to be bimodal. The average monthly temperatures for the eight-year period being considered (or 
for any other period) cannot be regarded as representative of a single year and the standard 
deviations contain a large element of year-to-year variation. During the months of January to 
April, in those years when either the cold or the warm regime prevails, the variability about the 
monthly mean is relatively small (2 to 4 deg) but in months when a warming occurs the varia­ 
bility about the monthly mean increases to give a standard deviation of more than 15 deg in some 
Januarys and more than 7 deg in some Februarys.

After the final warming there is a rapid change from isotherm patterns typical of winter to 
those more representative of summer and in spite of the very large year-to-year differences in 
high latitudes during the months January to April these differences cease to be apparent during 
the summer months. The curves in Figures 18 and 19 showing the individual temperatures for 
Alert and Keflavik for three Julys illustrate the small variations from one July to another.
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FIGURE 13. MONTHLY MEAN 30-MILLIBAR TEMPERATURES
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14a

FIGURES I4a AND 14b. MONTHLY MEAN 30-MILLIBAR TEMPERATURES FEBRUARY, 1965 (I4a) 
AND 1958 (14b)
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14b
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15a

FIGURES 15a AND 15b. MONTHLY MEAN 30-MILLIBAR TEMPERATURES MARCH I960 (15a) AND 
1964 (15b)
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15b
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17d

F IGURES 17a AND lib. MONTHLY MEAN 30-MILLIBAR TEMPERATURES APRIL, 1959 (17a) AND 
1963(17b)
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PART II - AVERAGE CONTOUR HEIGHTS AT 30 MILLIBARS

The average contour charts for the 30-mb level are reproduced in Plates 13-18. As with the 
average temperatures the charts cover the northern hemisphere for the months of January, April, 
July and October but only from the pole to 45°N for February, March, August and September.

4-DISCUSSION OF THE CHARTS

The average contour chart for January (Plate 13) shows the circumpolar vortex at this level to 
be well established and centred in the region of Spitsbergen. As at 50 mb there are two main 
troughs in the contour pattern — one over eastern Canada and the other over Siberia. Around the 
vortex there is a very strong westerly circulation which decreases towards the latitude of the 
higher contour heights. The highest values are recorded over the Pacific Ocean near 40°N and 
the high in that area is a well-marked feature of the January chart. The latitude of the belt of 
high contour heights varies somewhat with longitude being farthest north in the Pacific sector 
and farthest south (about 20°N) over central America. In lower latitudes gradients are small over 
large areas but there is a suggestion of lower average values across Africa and the Indian Ocean. 
The February chart (Plate 14a) shows the centre, with central values little changed, still sit­ 
uated in the Barents Sea and a strong westerly circulation around most of the hemisphere north of 
45°N. The strongest gradients appear to be over the Arctic Ocean between the pole and the 
Bering Strait but farther south, over Alaska, gradients become weaker towards the North Pacific 
high. In March (Plate 14b) the vortex is still centred over the Barents Sea but it is less intense 
than on the February chart and the westerly circulation, although still quite strong, is consid­ 
erably weaker than it is on the February chart. On the April chart (Plate 15) the contour pattern 
changes considerably. The main centre is probably situated over central Siberia with a trough 
to north east Canada and north Greenland but gradients in high latitudes are very much weaker 
than in January to March. In middle and low latitudes gradients are very weak with small high 
centres over Mexico and westwards into the Pacific and also to the south of Japan. In equa­ 
torial regions there is a decrease in the average heights.

From what has been said concerning the breakdown of the circumpolar vortex in the section 
on 'The final warming', it will be appreciated that in the period January to April there is appre­ 
ciable year-to-year variation in the monthly mean position and intensity of the vortex and in the 
strength of the zonal circulation. In spite of these year-to-year differences the monthly mean 
charts for February and March usually show patterns fairly typical of winter but the individual 
April charts can vary between a well-defined winter type of circulation pattern and a pattern 
more closely resembling that of summer, with a high centred near the pole.

The July chart (Plate 16) shows the contour pattern typical of summer months. The polar 
high is well established with an easterly circulation around it and there is a gradual decrease 
of average heights towards the equator where the lowest heights are recorded. The average 
chart for August (Plate 17 a) shows that, over high latitudes, the summer anticyclone is still 
the dominant feature although heights at the centre are about 200 metres lower than in July and 
the easterly gradient is somewhat weaker. By September, however, (Plate 17b) the pattern has 
changed considerably and there is a low vortex centred close to the pole with a high centred 
south of the Aleutians. The vortex increases in intensity and by October (Plate 18) the heights 
at the centre are below 23.2 km and the circulation has acquired the main features of the mid­ 
winter circulation.
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PART III - AVERAGE WINDS AT 30 MILLIBARS AND THEIR VARIABILITY

5-GENERAL

The charts in this section consist of streamlines and isotachs (Plates 19-24), -zonal wind com­ 
ponents (Plates 25-30), meridional wind components (Plates 31-36) and standard deviations of 
the zonal and meridional components (Plates 37-42 and 43-48 respectively). Wind data were 
extracted and processed for nearly all available stations in the northern hemisphere and the 
streamline-isotach charts were constructed from the average winds.

The charts for the mid-season months have been analysed to the equator but, as is well 
known, the dominant feature in the equatorial lower stratosphere is the quasi-biennial oscillation 
(QBO) in the zonal wind component and some aspects of this phenomena are included in a sepa­ 
rate section later in the text. It is apparent that, in areas where the QBO is the dominant feature, 
the wind distribution is not circular about the long-period average wind for a particular month. 
The problem of describing wind distributions in the stratosphere (at the 50-mb level) was dealt 
widi in some detail in Geophysical Memoirs No. 112 and it was suggested that an acceptable 
solution was to regard the distribution as elliptical rather than circular. During the course of 
this work on the 30-mb level more has been done on the study of elliptical wind distributions and 
the results are included later in the text.

The charts for February and March and for August and September are included in order to 
describe the reorganization of the stratospheric flow patterns in spring and autumn. The way in 
which this particular aspect of the circulation affects the British Isles is described later in the 
two sections on the spring and the autumn reversals of 30-mb winds over Scotland.

6-DISCUSSION OF THE CHARTS

On the streamline—isotach chart for January (Plate 19) the main feature is the westerly flow 
which covers most of the hemisphere north of about 20°N (over the North Pacific the latitude of 
the boundary of the westerly flow is north of this). These westerlies reach a maximum in die 
polar.night stratospheric jet with wind speeds exceeding 60 kn in a belt from southern Greenland 
to Scandinavia,thence across Russia and central Siberia to the Arctic Ocean and the Nordirwest 
Territories of Canada. Within this belt of strong westerly winds the maxima appear to be situated 
near Iceland (greater than 70 kn), just east of the southern part of the Ural Mountains (greater 
than 70 kn) and over the East Siberian Sea where the average speed may exceed 100 kn. To the 
south of the polar.night jet there is a decrease to average speeds of less than 10 kn in low lati­ 
tudes. In tropical and equatorial regions the winds at this level are dominated by the QBO in the 
zonal wind component and these areas will be referred to again later in the text.

The February chart (Plate 20a) shows a continuance of the strong westerly flow, over most 
middle- and high-latitude areas of the hemisphere, around the vortex which is centred in the 
Barents Sea. The zone of maximum wind speed is very close to that on the January chart but the 
strongest winds appear to be about 70 kn which represents a decrease from the maximum values 
of greater than 100 kn over the East Siberian Sea in January. The chart for March (Plate 20b) 
shows the average wind direction to be still westerly over middle and high latitudes and, although 
the maximum speeds still occur in similar areas to those on the charts for January and February, 
the average speeds are lower. The April chart (Plate 21) shows very marked changes from the
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preceding three months over middle and high latitudes with a considerable decrease in the aver­ 
age speeds. It has already been mentioned in the previous section that in some Aprils the cir­ 
culation pattern can be typical of winter and in other Aprils there can be a high centred near the 
pole with;a circulation pattern which:more closely resembles that of a typical summer chart with 
a light easterly flow over higher latitudes. Clearly the time at which the hemispheric circulation 
changes to easterly is dependent upon the date, and th.e manner, of the final warming. In order 
to illustrate how the spring reversal varies from year to year over Scotland the 30-mb data for 
Leuchars/Shanwell have been analysed in some detail and they are discussed later.

Plate 21 shows that, in April,'over a large part of the hemisphere the average wind speeds 
are less than 10 kn.There is an increase to 10 to 15 kn easterly, -south of about latitude 20°N, 
but in equatorial regions the QBO is the dominant feature^

The average wind chart for July (Plate 22) shows a reversal of the predominantly westerly 
flow and the disappearance of the winter vortex. From the pole to low latitudes the wind directions 
are easterly. Over the Arctic the average speeds are very light but there is an increase to speeds 
of greater than 40 kn in a band which extends around most of the hemisphere between 15 and 
25°N. South of this band of strong easterlies the average wind speeds decrease towards lower 
latitudes.

Over middle and high latitudes the average easterly circulation in August (Plate 23a) is 
weaker than that in July - being less than 10 kn over most areas north of about 45°N. The almost 
uniform easterly flow increases to 20 kn between 35 and 40°N. By September (Plate 23b) 
although average speeds in high latitudes are still less than 10 kn, the pattern shows a reversal 
of the predominantly easterly flow of July and August. Over an extensive area the average wind 
speeds increase'to more than 10 kn and the'mainly westerly.flow exceeds 15 kn in a band from 
north of the Caspian Sea to northreast Siberia and into Alaska. South of this zone of stronger 
westerlies the average speeds decrease to a minimum (of less than 5 kn) with a reversal to light 
easterlies near 40°N around the whole hemisphere. The October chart (Plate 24) shows an 
increase in both the strength and geographical extent of the highrlatitude westerly flow. In a 
band from northreast of the Caspian Sea to northreast Siberia and into northern Canada the aver­ 
age wind speeds exceed 30 kn and the westerly flow extends southwards to about 35°N before 
/reversing to the lower-latitude, easterly flow. This easterly flow increases to a maximum south 
of 20°N and the average chart then shows a decrease towards the equator. Although the chart 
has been analysed to the equator the presentation and interpretation of the relevant statistics is 
complicated by the QBO in equatorial stratospheric winds.

The hemispheric distribution of the average zonal wind components is shown in Plates 25- 
30, The main feature on the January chart (Plate 25) is the broad belt of westerly winds in 
middle and high latitudes with maxima of 70 kn near Iceland and over the Arctic Ocean near 
northteast Siberia. The westerly component decreases towards lower latitudes and in the tropics 
there is a definite easterly flow widiiaverage speeds in excess of 10 kn over the east Pacific 
and the Caribbean Sea. The February chart (Plate 26a) shows the pattern to be very similar to 
that of January and the main feature is still the belt of strong westerlies with maxima of greater 
than 60 kn centred north of Iceland, across Russia to 90°E (between 55 and 60°N) and also over 
the Laptev, East Siberian and Beaufort Seas. The westerly component decreases towards lower 
latitudes and over the North Pacific and eastern USA (in the region of the Aleutian high) the-
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average zonal component is light easterly. A somewhat similar pattern continues on the March 
chart (Plate 26b) but the average zonal flow is much weaker with maxima of about 30 kn. The 
April chart (Plate 27) represents conditions at the time of year when the zonal flow over middle 
and high latitudes is changing from the westerlies of winter to the light easterlies of summer. 
Over much of the hemisphere'the average zonal component is less than 10 kn and, in many areas, 
less than 5 kn In lower latitudes there is a definite easterly flow of greater than 10 kn. The 
July chart (Plate 28) shows that the average zonal component is easterly over the whole hemis­ 
phere. In high latitudes these easterlies are less than 10 kn but they increase in Jtrength towards 
20°N where the axis of the belt of the strongest easterlies is situated. The analysis suggests 
that within much of this belt around the hemisphere the average zonal wind component exceeds 
40 kn. To the south of this easterly jet there is a decrease in strength:but the available data 
indicate that, in spite of the QBO, the average zonal component near the equator is easterly. 
The August chart (Plate 29a) shows the average zonal component to be easterly,over middle and 
high.latitudes. Over most of the area .north of about 55°N these easterlies are very light indeed 
and the average speeds of less than 5 kn are less than the July values. The average speed 
increases in lower latitudes but at about 45°N it is still only 10 kn. The September chart (Plate 
29b) shows the<reversaJ of the average zonal component over high latitudes from diC'Very light 
easterlies of August to a well-established westerly regime^ By October (Plate 30) the strongest 
westerly flow is still over Russia and the Canadian arctic where average speeds exceed 30 kn. 
The seasonal increase from September to October is such that average speeds reach)20 kn or 
more over most of Russia north of about 40°N. The westerly component decreases towards lower 
latitudes and south:of about 30 to 35°N there is a definite easterly flow which reaches a maximum 
between 10 and 20°N. From east Africa to India to south-east Asia and the western Pacific 
the average zonal component exceeds:20 kn. It is interesting to note that the average October 
chart shows that, in high latitudes, the'Zonal circulation bears some similarity to the mid-winter 
pattern (Plate 25) whereas in low latitudes there'is more similarity to the mid-summer pattern 
(Plate 28).

The average meridional components are shown in Plates 31-36* In January (Plate 31) with the 
strong flow around the vortex centred near Spitsbergen, the average meridional-component pattern 
is very pronounced over high latitudes. This is particularly so over central and east Siberia, 
Alaska, the north.of Canada and much of the Arctic Ocean. In this area the values vary from +60 kn 
(a southerly component) over the Laptev and East Siberian seas to -40 kn (a northerly component) 
over the islands in the Canadian Arctic. The meridional components are much weaker than this 
over the Atlantic/European sector. In low-latitude areas the components are very much weaker, 
being often of the order of 1 kn. When observational and analytical errors are considered and 
also allowing for the fact that over large areas in low latitudes there are very few reporting 
stations, then it is apparent that in some places in the tropics it is not possible to determine the 
direction of the average meridional component with any degree of accuracy^ In February (Plate 
32a) the meridional flow pattern is still very pronounced with strong northerly components over 
northreast Canada and strong southerly components over Siberia, although these southerlies 
appear to be appreciably weaker than in January. The March chart (Plate 32b) shows a continua­ 
tion of the basic winter meridional circulation pattern but with a general decrease in intensity. 
This decrease in average speeds continues and on the April chart (Plate 33) average meridional 
components of greater than 10 kn are restricted to small areas over north Canada (northerly) and 
Siberia (southerly). Over the remainder of the hemisphere.the meridional components are 
comparatively light and in many areas, particularly]in lower latitudes, they are less than 2 or 3 kn.
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In July (Plate 34) the average meridional components are weak over the whole hemisphere being 
everywhere less than 5 kn. In August (Plate 35a) at many stations the average value is less 
than 1 kn and at only a few stations does it exceed 2 kn. In September (Plate 35b) the 
average value is generally less than 5 kn and only exceeds this in very limited areas. On the 
October chart (Plate 36) average meridional components of greater than 10 kn are restricted to 
northreast Siberia (southerly) and north-west Russia (northerly). Over the remainder of the hemi­ 
sphere die meridional components are generally light and often less than 2 kn especially in 
lower latitudes. In all these months it is difficult to determine the zero isopleth witli either 
confidence or precision over some parts of the hemisphere because of the very small average 
values involved.

The variability of the average wind is described by means of the charts of the standard devi­ 
ation of the zonal and meridional components in Plates 37-48. It is envisaged that the main 
practical use of these charts will be the estimation of standard deviations for the construction 
of theoretical distribution ellipses for various positions on the'charts and consequently the 
following remarks are confined to drawing attention to the principal features,

In January the standard deviation of the zonal wind component (Plate 37) exceeds 20 kn over 
most middle and high latitudes where the zonal component is strong (see Plate 25). The maximum 
variability (greater than 40 kn) appears to occur in an area across northern Canada and also near 
60°N over parts of Sweden, 'Finland ahd_west Russia. The lowest values (less than 10 kn) are 
found over the Pacific in the region of the light winds associated with the high area on the aver­ 
age contour chart (Plate 13). There is a zone around the hemisphere'- the" axis of which is 
practically.coincident with the boundary between the higher-latitude westerlies and the lower- 
latitude easterlies - where the standard deviation is between 10 and 20 kn. South of this zone 
the variability increases but, near the equator, much of this increase is due to the easterly and 
westerly regimes of the QBO having been combined in obtaining the statistics for the eight-year 
period. The February chart (Plate 38a) shows that the variability of the zonal component is still 
high .'(standard deviation greater than 40 kn) in the region of the strongest winds and that the 
pattern is broadly similar tcf that of January, in March (Plate 38b) the standard deviation is still 
greater than 20 kn over most of the hemisphere north of 45°N but the region in which it is greater 
than 40 kn is confined to parts of Scandinavia. Although we know that in April the average zonal 
wind components in higher latitudes are not particularly strong (see Plate 21), we see from Plate 
39 that the variability is quite high with a large area within which the standard deviation exceeds 
20 kn. iFrom the remarks made earlier this is to be expected as we know that April is a month 
when, over many middle- and highrlatitude areas, the zonal component can vary between quite 
strong westerly and a light to moderate easterly. Around the hemisphere) near 30°N, the varia­ 
bility is at a minimum with lvalues of less than 10 kn in some places but towards the equator 
values increase again. In July (Plate 40) the standard deviation of the zonal component is less 
than 10 kn over a large part of the hemisphere and is less than 5 kn near the pold The increase 
to 10-20 kn occurs at about the latitude of the belt of strong easterlies on the average zonal 
component chart. The data suggest that variability is at a maximum near the equator but the 
spurious nature of the standard deviation there has already been mentioned. In August (Plate 4la) 
variability of the zonal component is at a minimum (less than 5 kn) over north Greenland whilst 
over North America, the Atlantic, Europe and the Arctic the standard deviation of the zonal 
component is within the range 5-10 kn. Variability is highest (greater than 15 kn) in the region 
to the northiand west of the'Caspian and Aral Seas and also over northreast China and south-east
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Siberia. The pattern of standard deviation of the zonal component in September (Plate 41b) is 
broadly similar to the August pattern. In October, (Plate 42) the variability exceeds 15 kn over 
the Canadian Arctic and also over Asia north of about 50°N. iThe variability is at a minimum 
(less than 10 kn) in a zone around the hemisphere between approximately 20 and 40°N and this 
zone is more or less coincident with:the contour-height high;in Plate 18i Towards lower latitudes 
the variability increases.

The standard deviation'of the meridional component in January (Plate 43), like that of the 
zonal component, is large over middle and high latitudes. The maximum variability appears to 
occur north:of Hudson Bay where values are in excess of 50 kn, <whichiis larger than the maximum 
values on the chart of standard deviation of the zonal component in January. iValues in excess 
of 40 kn are>recorded over parts of northreast Canada and also over a considerable area of the 
Arctic Ocean; The variability decreases towards lower latitudes and southiof about 30°N the 
standard deviation is generally 5-10 kn; The standard deviations of the meridional components 
in February and March (Plates 44a and 44b) show that variability is highest over the Arctic 
(greater than 40 kn) and decreases towards lower latitudes, in general terms this is a continua­ 
tion of the January pattern.

In April (Plate 45) the standard deviation is greater than 10 kn over many areas north of about 
50°N and values reach a maximum of more than 20 kn over the Arctic. Over the remainder of the 
hemisphere^ where average meridional components are very small, the standard deviation is in 
the range 5-10 kn. In July (Plate 46), over much of the hemisphere^ die standard deviation is in 
the range 5-10 kn but it is less than 5 kn over much)of North;America, Greenland and western 
Europe and also over Japan. Over middle and high latitudes the standard deviation of the meri­ 
dional component in August (PlatC'47a) ranges, between'a little'below 5 kn to a little over 10 kn 
and the overall pattern bears some resemblance to that for July, iln September (Plate 47b) there 
is a slight increase in the variability, particularly over Canada, 'but the standard deviation is 
still in the range 5—10 kn over most areas. iBy'October (PlatC'48) over middle and high latitudes 
the standard deviation is generally greater than 10 kn and values reach a maximum of greater 
than 15 kn over the Arctic. In lower latitudes, where'average meridional components are light, 
the standard deviation is in the range 5-10 kn. The chart for October is very similar to that for 
April.

7-ELLIPTICAL DISTRIBUTION OF THE WINDS

In Geophysical Memoirs No. 112 it was shown that, at the 50-mb level over large parts of the 
hemisphere and in some'seasons the observed wind distributions are not circular and that they 
are more adequately.described by a series of ellipses. The wind distributions at the 30-mb level 
for over 50 stations were examined in some'detail, and were'tested for circularity and ellipticity 
by means of the chi-square test. The average wind was subtracted from the individual winds and 
the test was applied to the distribution of these departures from average. The 30, 60 and 90 per 
cent probability circles: were obtained by using radii appropriate-to the normal circular distribu­ 
tion, i.Ci 0,59, 0,96. and 1.52 times the standard vector deviation The tests for ellipticity were 
made in two ways — in one casC'the axes were>assumed to lie east—west and norths-south'and in 
the other case the angle of rotation of the true major axis was calculated for each set of data 
and these axes were then used for constructing the theoretical ellipses. iThe angle of rotation
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(i/t), i.ej the angle between'die assumed major axis and the true major axis was obtained from the 
expression

2tuv °u °v 
tan 2 i/f = i

where ruv is the correlation coefficient between the zonal and meridional components, au and 
a the standard deviations of the zonal and meridional components.

The lengths of the semi-axes of the 30, 60 and 90 per cent probability ellipses were obtained 
by multiplying the standard deviations of the components by 0.84, 1.36 and 2.15-

The winds were assigned to four different ranges, each:representing a quarter of the area of 
the circle^or ellipse- For the circle < the four boundaries were 045°, 135°, 225° and 315°and for 
the ellipse 270° and 090°

. ,,,_— 1 semi minor axis± i an ^————__^_—-. *
semi major axis

In both)the circularity and ellipticity tests the chi-square value for the one'per cent significance 
level with i three'degrees.of freedom has been used as diC'Critical value and occasions in excess 
of this (i.ej greater than 11.3, indicating significant non-ellipticity or non-circularity) are sum­ 
marized in Table III. In interpreting this summary of the results it should be borne in'mind that 
the user is often interested in the distribution of large departures from average (the 60-90 per 
cent part of the distribution) rather than the distribution of winds which)are near average (the 
0-30 per cent part), also that in July, over much of the hemisphere except lower latitudes, wind 
speeds are very light and variability is at a minimum. Therefore^ in July at many stations, and 
in the 0-30 per cent range for other months at some stations, -winds are often so close to the 
average that very small variations in speed or direction result in large changes in the chi-square 
values. Line 10 of Table III shows that at the 60-90 per cent range there can be little doubt that 
the'distribution is not circular. Of the 55 distributions tested, in January 47 could be^said to be 
significantly non-circular, in April. 54, in July 39 and in October 46i

The detailed statistics in Appendix I indicate that for those stations which:had a chi-square 
value of less than 11.3 for the circularity test then, in almost all cases, the chi-square values 
for the ellipticity tests were also small.

If the chi-square values are considered in latitude bands (as arranged in Table III) it is clear 
that, in general, the theoretical elliptical distribution provides a much better estimate of the 
observed distribution than the theoretical circular distribution. Exceptions to this are confined 
mainly to the'0-30 per cent range of the distribution: between 20 and 35°N in January, north of 
20°N in April, over die i whole hemisphere <in July and between 20 and 35°N in October, ft should 
be noted dial, for the larger departures from average (the 60-90 per cent range) a significant 
improvement is sometimes obtained by.using the true'major and minor axes (Column C of Table 
III) rather than assuming these axes to be east-west and nordi4-southi(Column B). This is 
particularly so when'considering the larger departures from averagC'for regions north i of 20°N in
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TABLE III - NUMBER OF OCCASIONS WITH CHI-SQUARE VALUE GREATER THAN 11.3

Probability 

bands

• per cent

60-90
30-60
0-30

January

13
13

8

6
5
2

5
4
2

April July 

South of 20°N 13 stations

October

A B

13 5
12 3
12 4

12
11
6

B

2
10
6

2
6
5

13
13
10

7
7
5

9
6
4

20°N - 35°N 13 stations

4
5
6

60-90
30-60
0-30

13
12
11

6
5

10

13 4
10 2
10 8

4
2
6

10
7
8

6 6
2 4
8 9

13
11

5

1
0

7
8
9

60-90
30-60

0-30

21
18
20

14 
II 
14

6
12
13

28
25
25

North of 35°N 29 stations

12
17
23

14
10
25

17
8

16

12 12
5 5

17 14

20
1.8
18

9
14
13

5
_8

10

All 55 stations

10
11
12

60-90
30-60
0-30

47
43
39

26
21
26

13
21
24

54
47
47

21
22
35

21
13
38

39
26
30

20
17
31

20
15
28

46
42
33

17
23
23

15
14
18

Col. A — Circularity test.

Col. B — Ellipticity test assuming major axis of ellipse to be along east/west or north/south axes.

Col. C — Ellipticity test using true major and minor axes of ellipse and using standard deviations 
about these axes.

Note: Chi-square value greater than 11.3 indicates 1 per cent level with 3 degrees of freedom.

January and a chart of the angle of rotation of the true major axis of the ellipse for January is 
shown in Figure 20. For the other mid-season months, .there is apparently little to be gained by 
making an allowance for the angle of rotation of the true major axis except perhaps in higher 
latitudes in October but, if required, the values are included in the statistics in Appendix I.
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FIGURE 20. ANGLE OF ROTATION OF TRUE MAJOR AXIS OF ELLIPSE AT 30 MILLIBARS 
JANUARY, 1958-65
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The 30, 60 and 90 per cent circles and ellipses of the theoretical distributions for the depar­ 
tures from the average 30-mb wind at three stations for the four mid-season months are shown 
in Figures 21—23 together with the numbers actually jobserved in each 'box'. The stations 
illustrated are Crawley (51°05'N, 00°13'W), Wakkanai (45°25'N, 141° 41 'E) and Ponape 
(6P58'N, <158°13'E). The Crawleyidiagrams (Figure 21) show that in April and October the 
theoretical elliptical distribution provides a muchibetter estimate of the observed distribution. 
At Wakkanai (Figure 22) it is noticeable that, in all four months, die stronger departures from 
normal are much better described by the elliptical distribution. Ponape (Figure 23) is near7°N 
and, consequently 4 the winds are dominated by the QBO. Clearly the theoretical circular distri­ 
bution is very misleading as only a very small number of observed winds actually ioccurred in 
the 30-90 per cent range in the sectors:315°-045°and 135°-225°. In general the observed dis­ 
tribution is muchibetter described by.either of the'elliptical distributions.

From the foregoing results it is clear that, in the• middle stratosphere^ it can be very,mis* 
leading to use the derived statistics in any way.whichiassumes the wind distribution to be 
normal and circular, in many i cases this will tend to overestimate the stronger meridional com­ 
ponents and underestimate the stronger zonal components, iln general, the observed distribution 
at 30 mb (as at 50 mb) is more adequately described by a series of ellipses with the length of 
the major and minor axes determined in terms of the standard deviation of the zonal and 
meridional components. iThe results for the stations considered in Appendix I indicate that it 
is usually.acceptable'to consider the east-west (or north+-south) axis as the major axis of the 
ellipse. These ellipses do not provide a perfect representation of the observed distribution but 
they are^ in general, more adequate'than circles, especially when dealing withi large departures 
from average^

The presentation of wind statistics has for long been recognized as a difficult problem and 
the reader requiring more information on this topic would do well to start by reading a paper 
entitled 'Qn the standard vector deviation wind rose' by Crutcher (1957). A paper by Rangarajan 
and Mokashi (1966) gives statistical parameters for all months for three Indian stations and 
describes their method of constructing the distribution ellipses. Maher and McRae (1964) present 
basic statistics for 23 Australian stations and also give three examples of the construction of 
probability ellipses.

8-THE QUASI-BIENNIAL OSCILLATION AND ITS EFFECT ON WINDS 
AND TEMPERATURES AT 30 MILLIBARS IN LOW LATITUDES

This phenomenon was dealt with i at some length lin Geophysical Memoirs No. il!2 and, lor 
those who require a detailed description there is a very extensive literature on the subject. It 
is thought that the requirements of readers of this publication will be satisfied if the text and 
diagrams are limited to what is necessary for the better understanding of the climatology of the 
30-mb level.

The 30-mb monthly mean zonal wind components for Canton Island (2°46'S, 171° 43 'W) for 
the period May 1954 - August 1967 and for Can (00° 41 'S, 73°09'E) from September 1967 are 
shown in Figure 24. A noticeable difference between this Figure and the 50-mb monthly mean 
zonal wind components (Figure 17 of Geophysical Memoirs No. 112) is that at 30 mb the
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Circular Elliptical major axis east/west Elliptical true major axis

JULY 1957-64 (Expected frequency in each box 16)

OCTOBER 1957-64 (Expected frequency in each box 23)

Circular Elliptical major axis easVwest Elliptical true major axis

JANUARY 1958-65 (Expected frequency in each box 12)

APRIL 1958-65 (Expected frequency in each box 16)

FIGURE 21. DISTRIBUTION OF DEPARTURES FROM THE AVERAGE 30-MILLIBAR WIND. FOR 
CRAWLEY 51^5 'N, 00°13'W

See Appendix I for relevant statistics.
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Circular Elliptical major axis east/west Elliptical true major axis

JULY 1957-64 (Expected frequency in each box 19)

OCTOBER 1957-64 (Expected frequency in each box 18)

Circular Elliptical major axis east/west Elliptical true major axis

JANUARY 1958-65 (Expected frequency in each box 14)

APRIL 1958-65 (Expected frequency in each box 12)

FIGURE 22. DISTRIBUTION OF DEPARTURES FROM THE AVERAGE 30-MILLIBAR WIND FOR 
WAKKANAI45°25'N, 14l°48'E

See Appendix I for relevant statistics.
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Circular Elliptical major axis east/west Elliptical true major axis

JULY 1957-64 (Expected frequency in each box 17)

OCTOBER 1957-64 (Expected frequency in each box 12)

Circular Elliptical major axis east/west

JANUARY 1958-65 (Expected frequency in each box 11)

Elliptical true major axis

APRIL 1958-65 (Expected frequency in each box 14)

FIGURE 23. DISTRIBUTION OF DEPARTURES FROM THE AVERAGE 30-MILLIBAR WIND FOR 
PONAPE 6°58'N, 158°13'E

See Appendix I for relevant statistics.
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easterly regime persists longer than it does at 50 mb and, conversely, 'the westerlies are corres­ 
pondingly shorter lived. At this higher level the easterlies not only persist longer but they are 
also appreciably stronger. 'Figure 24 shows nine westerly and nine easterly phases of the QBO 
and from these die average duration of the westerly.regime is 13 months and of the easterly 
regime 14 months, in both cases the standard deviation is about three months. At 50 mb the 
average duration of the westerly regime is 16,months (withia standard deviation of 4 months) and 
of the easterly regime 11 months (with a standard deviation of 1 month).

Figures 24 and 25 (the pentad, i.e. 5-day, means of the 30-mb zonal wind component at 
Canton Island) illustrate that in low-latitude areas, • where the QBO is the dominant feature^ 
there is little to recommend taking an average for any individual month over a period of years. 
An average obtained in this way would be made up of both easterly and westerly regimes and 
would, therefore, 'Suggest a relatively light average wind and a high standard deviation. This 
would be very misleading when we know that there are definite easterly and westerly regimes 
(albeit of variable length) within whichithe average wind is stronger and the variability is muchi 
less.

In order to present the climatological facts of the QBO in a more practical and meaningful 
way the Canton Island 30-mb data for the period from February 1956 to May 1967 were used to 
prepare the curves in Figure 26* These 136,months represent five full cycles of the oscillation 
and although this indicates an average period-length:of about 27 months, it can be seen from 
Figure 24 that the period varies considerably. The data were processed to provide the average 
zonal components, meridional components and their standard deviations for five months which 
were all the first month of an easterly regime^ the five which were the second month of an 
easterly regime and so on up to the 14th easterly month. The same procedure was followed for 
the westerly regime up to the 14thimonthu There was only one occasion when the monthly mean 
zonal wind component was easterly and only one<when it was westerly after the 14th month and 
these months were not used. The statistics for the easterly regime are based on data for five 
individual months for months 1 to 13 and on three individual months for the 14th monthj For 
the westerly regime the statistics for months 1 to 7 are based on five individual months, months 
8'to 13 on four individual months and month 14 on three individual months. The averages were 
obtained by taking all the'individual values together and the standard deviations describe the 
variability about this average^

Figure 26cshows that with the westerly regime the average zonal wind component quickly 
reaches a value near 20 kn and maintains that value until after the lOthimonthiof the regime 
then falling to about 10 kn during the 12th, <13thiand 14thimonths. The easterly regime behaves 
rather differently —-there is a more'gradual increase'to a maximum (of nearly 60 kn) during the 
Sthiand 9thimonths, then a gradual decrease to about 30 kn in the average for the 14th i easterly 
monthj The average meridional components are light in all months of bothiregimes withivalues 
in excess of one knot in only.five of the months. It is of interest that the meridional component 
during these five'full cycles of the QBO showed a very definite'preponderance of northward 
flow. The curve of the standard deviation of the zonal wind component shows diat in most months 
the standard deviation is within the range 10-15 kn except during the change-over from the 
easterly regime to the westerly when there is a marked increase^ The standard deviation of the 
meridional wind component is within the range 5-10 kn throughout all months.
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FIGURE 26. CANTON ISLAND (2°46 'S, 171°43 'W) 30-MILLIBAR AVERAGE ZONAL AND
MERIDIONAL WIND COMPONENTS AND THEIR STANDARD DEVIATIONS BASED 
ON FIVE FULL CYCLES OF THE QUASI-BIENNIAL OSCILLATION FROM 
FEBRUARY 1956 TO MAY 1967
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If one is required to provide 30-mb averagC'Winds for the area within say <5°or 7°north/and 
south of the equator then the information contained in Figures 24-26.provides an adequate 
description, although'it must be accepted that, 'because of the variable lengths of the easterly 
and westerly regimes, it is not possible to provide statistics which cover all eventualities.

The data for the easterly and westerly;regimes were used to provide the statistics in Table 
IV. in calculating these statistics, if the monthly,mean zonal wind component was less than 
10 kn the data for that month were ignored. These statistics may be somewhat crude but, for 
many purposes, they provide an acceptable estimate of the parameters involved and there Is the 
advantage that the user has only to decide whether the equatorial stratospheric-wind regime is 
an established easterly or westerly ̂

Stations close to the equator were included in the selection for which)statistics were com­ 
puted in investigating the nature of the observed wind distributions at 30-mb (see Table'HI and 
Appendix I), aad the>chi-square<values showed that whilst the distribution is not circular neither 
can it be properly described as elliptical, in each case the statistics calculated were based on 
data for five individual months but, as indicated earlier, this is a most unsatisfactory; and not 
very meaningful way of arriving at an average wind in the• area where'the QBO is most marked. 
The Canton Island 30-mb data during established easterly.and westerly regimes separately, 'were 
therefore processed and tested for ellipticity and circularity. The results are shown in Figures 
27a—d and the<relevant statistics are included in Table'IV. It is evident from these results that, 
when considering the separate regimes, as one would expect, <the observed distribution is cer­ 
tainly not circular and the chi-square*values suggest that, for bothiregimes, the distributions are 
significantly non-elliptical but more especially in the established easterly regime, in testing the 
distribution for ellipticity the assumption is made that the wind components are normally distri­ 
buted and so histograms showing the'observed and theoretical frequency distributions were pre­ 
pared and these are shown in Figure 281 The histograms in Figure 28a and b were prepared using 
only i those'months when the • me an zonal component was greater than 10 kn. in Figure 24 it can 
be seen that within i the easterly regime the monthly average zonal component quickly reaches 
20 kn and that the average'remains above 20 kn until the last monthiof the easterly regime. 
Consequently,the histogram in Figure 28c was prepared using data only for those months within 
the'easterly regime when the mean zonal component exceeded 20 kn. These diagrams show diat 
within the established easterly or westerly regimes the zonal components are not distributed 
normally * The zonal components during the established westerly regime (Figure 28a) suggest a 
bimodal distribution and during the established easterly .regime both Figures 28b and c show the 
positive skewness of the distribution.

It can be concluded, therefore* that in the'middle stratosphere, in those'regions where the 
QBO is the dominant feature^ the wind distributions cannot be adequately or satisfactorily 
represented either by the circular or by the elliptical normal distributions. However, in this work 
the data for five full cycles of the QBO have been used to provide the percentage frequencies 
of occurrence for various speed-ranges of the'Zonal components within either an'established 
easterly or westerly regime and these are'reproduced in Figures 29 and 30.
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(d)

FIGURE 27. CANTON ISLAND (2°46'S, 171°43'W) 30-MILLIBAR WINDS - DISTRIBUTIONS OF 
DEPARTURES FROM THE AVERAGE DURING THE ESTABLISHED EASTERLY 
REGIME ((a) AND (b)) AND WESTERLY REGIME ((c) AND (d)) 
Expected frequency in each box is 83 inFigures (a) and (b), 78 inFiftures (c) and 
(d). Months when mean zonal component was less than 10 knots were not included.
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Any attempt to describe the climatology of the middle stratosphere in equatorial regions is 
complicated by the very variable behaviour of the length of the period of the QBO in the zonal 
component and also by the non-normal distribution of the zonal wind components. The former 
makes it difficult to arrive at a reliable average wind and the latter adds to the difficulty of 
describing the variability. In addition, the lack of stations with long and continuous records of 
stratospheric winds contributes to the problem. However, if one is required to provide'Statistics 
for areas in which the QBO is the dominant feature then the diagrams presented here, based on 
five full cycles of the oscillation, <will enable an estimate to be made- The publication of more 
accurate and more reliable statistics seems unlikely until such time as adequate<data from a 
representative network of stations become available.

In order to examine how hemispheric patterns might vary when equatorial winds are markedly 
easterly or westerly, monthly mean charts of 30-mb winds were prepared for selected Januarys, 
Aprils, Julys and Octobers and these are shown in Figures 31-42.

The charts for January 1959 (Figure 31) and July. 1958'(Figure 32) are representative of 
months when the QBO is in a strong easterly phase and they show that there is a broad band of 
strong (greater than 50 kn) easterlies from the equator to about 20° into the summer hemisphere. 
The axis of this broad band of strong easterlies is not at the equator but is displaced into the 
summer hemisphere* where* beyond about latitude 20° the monthly mean winds are light easterly. 
In the winter hemisphere the easterlies extend to 25° or more from the equator before giving way 
to westerlies.

The charts for January 1958 (Figure 33) and July 1969 (Figure<34) are representative of months 
when'the QBO is in a strong westerly phase and they show that, in both/months, there is a narrow 
band of westerlies with speeds greater than 20 kn centred close to the equator. These westerlies 
extend to 5-10° into the summer hemisphere where a change-over to easterly takes place- The 
belt of stronger easterlies (greater than 20 kn) lies between approximately 12-37°in the summer 
hemisphere withllighter easterlies typical of the summer regime in higher latitudes. In the winter 
hemisphere'the'Stronger westerlies in the zone'near the equator decrease with increasing lati­ 
tude and in both; months easterly zonal wind components appear over quite'Considerable areas. 
In higher latitudes the zonal component increases again in the stronger westerly regime which 
is typical of the higher-latitude winter.

These charts Indicate that the belts of strong easterlies or westerlies are continuous around 
the'equator on a monthly time-scale- An examination of the 30-mb wind data on selected days 
during the'established easterly or westerly regimes suggests that the'easterly winds (widi a 
speed of about 50 kn) and the westerly winds (withia speed of about 30 kn) do encircle the 
equatorial belt.

In studying mid-winter and mid-summer stratospheric»wind patterns on a global scale there 
is a distinct advantage>in knowing what the higher-latitude monthly mean regimes are in the 
two seasons. This advantage is lost when one considers the global patterns in some other 
months. iWe know that during the late winter and early;spring period there can be very consid­ 
erable year-to-year variations which are associated with)the final warming and the breakdown 
of the winter stratospheric vortex- iThese differences can be quite noticeable in April when, in 
some years, the 30-mb monthly mean contour chart has a well-defined vortex, often centred in
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the region of Novaya Zemlya, with a strong westerly circulation associated with it. In some 
other years in April the 30-mb winds may be very light over a large part of the hemisphere in 
high latitudes. The charts in Figures 35-38 show how the monthly mean 30-mb wind patterns in 
April vary with different phases of the QBO. When the QBO is in a strong easterly phase as in 
April 1968 and April 1970 (Figures 35 and 36) then the easterly zonal component is 40-50 kn 
near the equator and the easterlies extend to 32-35° north and south.

When the QBO is in an established westerly phase (15-30 kn) near the equator, as in April 
1969 and ApriL 1971 (Figures 37 and 38) then the westerlies extend to about 8 or 9 0 northiand 
south before reversing to easterlies in both hemispheres. These easterlies extend to about 30° 
in the northern hemisphere and to south of 30°in the southern hemisphere. The maximum east­ 
erlies occur in a band centred near 15-18PS with>a secondary maximum occurring near 15-18PN. 
There may well be some small latitudinal differences in the boundaries between'the easterlies 
and the westerlies which are related to the strength of the equatorial westerlies or to the phase 
of the QBO, but it is not possible to say this with any certainty until many mo re'Comparable 
charts have been analysed. The overall picture which emerges from these four charts for April 
is that of a broad band of easterlies (approximately 30-35°north and south) with the zone near 
the equator (say 9-10°north and south) dominated by either strong easterlies or westerlies 
depending on the phase of the QBO.

Over the middle and high latitudes of the northern hemisphere the 30-mb data for these four 
Aprils show considerable variability but suggest no obvious relationship between the phase of 
the QBO and the patterns observed north of, 'say, 40°N.

Monthly mean 30-mb wind charts were also prepared for a number of Octobers and four of 
these are shown in Figures 39-42. The diagrams for October 1965 and October 1972 (Figures 
39 and 40) depict conditions when the QBO is in a strong easterly phase. The easterly izonal 
component is 50-60 kn near the equator and is generally strong in the band 10°N to 10°S. The 
easterlies extend to just north of 30°N and to southiof about 35°S with westerlies in higher 
latitudes of both hemispheres.

When the QBO is in an established westerly phase (20-30 kn) as in October 1966.and 1971 
(Figures 41 and 42) the strongest westerlies are confined to a narrow band close to the equator 
with westerlies extending to about 10°N and to 12-15°S. In the northern hemisphere the easter­ 
lies extend to 35-37°N withia well-defined maximum near 20°N. In the southern hemisphere the 
lack of data makes it difficult to define the boundary between the easterlies and the higher- 
latitude westerlies. However, there does appear to be a maximum in the easterly flow in the 
latitude of the Tropic of Capricorn and in October .1971 the monthly mean speed of the easter­ 
lies over much of Australia was stronger than 30 kn. These charts indicate that the belts of 
strong easterlies or westerlies are continuous around the equator on a monthly time-scale.

Both the April charts (Figure 35-38) and these four October charts suggest that, at the 30-mb 
level, 'there is a broad band of easterlies (approximately 30-40°N to 35-45°S) with the zone near 
the equator (say 9°N to 5°S) dominated by either strong easterlies or westerlies depending on 
the phase of the QBO.
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Earlier in the text reference was made to the fact that the monthly mean temperatures in 
equatorial regions also show a fluctuation with a period of approximately 26 months. That this 
is so can be seen in Figure 43 which shows the 12-monthly running means of the 30-mb temp­ 
eratures and the zonal wind components for Canton Island.

The range of the fluctuation in the monthly mean temperatures is about 4 deg and the two 
curves are out of phase by about 5 months. The annual variation in the monthly average 30-mb 
temperatures at Canton Island is shown in Figure 44. These values (based on data for 12 years 
from 1955 to 1966) show a maximum in July and a minimum in February with the range of this 
annual ..ariation being about 4 deg. This annual temperature variation is a feature of the lower 
and middle stratosphere over the whole hemisphere but it is much more pronounced in high lati­ 
tudes than near the equator. In the higher stratosphere (say 10 mb and above) there is a very 
marked semi-annual variation, the amplitude of which increases with height and latitude to show 
a maximum at the stratopause in polar regions. However, in low latitudes where the annual vari­ 
ation is smaller, the semi-annual variation (although not as large as in high latitudes) becomes 
a noticeable feature with maxima occurring in the spring and autumn and minima in winter and 
summer. The 30-mb average monthly temperatures for Canton Island (Figure 44) show that the 
semi-annual variation is not very evident at that level and accounts for only 5 per cent of the 
total variance whereas the annual variation accounts for 23 per cent. The QBO is the dominant 
feature and accounts for 46 per cent of the total variance.

9-THE SPRING REVERSAL OF 30-MILLIBAR WINES OVER SCOTLAND

From the charts included in this publication we know that in winter the high-latitude stratosphere 
is dominated by two features - a cold circumpolar vortex with a strong westerly circulation and 
a warm high centred over the Aleutian/Kamchatka area. In summer there is a complete reversal 
of the flow and the dominant feature in the stratosphere is a warm high centred near the North 
Pole with a very light easterly drift over high latitudes. The final warming (see section 3) is, 
of course, directly connected with this reversal of the flow and, as has been stated earlier in the 
text, the time at which this warming of the stratosphere and reversal of the circulation takes 
place and also the way in which it happens can and does vary quite considerably from year to 
year. In order to illustrate these variations in the region of the British Isles the 30-mb wind data 
from radiosonde stations in Scotland (namely Leuchars, Shanwell and Stornoway) were analysed 
for the period 1958-75. The 13-year average (1958-70) of the pentad (i.e. 5-day) mean values of 
the zonal wind component for January to October are shown in Figure 45- The winter westerlies, 
which are stronger than 40 kn for most of January and February, decrease in the spring and 
change to light easterly towards the end of April. The pentad average zonal component remains 
about 10 kn easterly throughout the summer and changes back to westerly again by late August 
or early September. The considerable year-to-year differences in the behaviour of the pentad mean 
zonal wind components in the spring can be seen in Figure 46, These diagrams show the mean 
zonal wind components for successive five-day periods during the months January to May in each 
of the years 1958-75. From these graphs it is evident that the years can be classified into three 

groups. There are the years 1958, 1965, 1966, 1968 and 1971 when the change-over can be said 
to be late. There are other years such as 1959, 1961, 1964, 1969, 1972, 1973, 1974 and 1975 
when the easterlies were established early. There is another group of years when it is difficult 
to classify the onset of the easterlies with any degree of certainty although some of these might 
be considered as average, such as 1963, 1967 and 1970. The two years I960 and 1962 are
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complicated by the reappearance of short-lived periods of westerly zonal component after the 
onset of the easterlies and, in view of the initial well-defined change-over it is considered that 
they are best described as 'average'.

°c
-53

-54

-55

-56

-57

-58
Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Jan Feb

FIGURE 44. 30-MILLIBAR MONTHLY AVERAGE TEMPERATURES AT CANTON ISLAND (1955-66)

In a year when the change-over occurs early the easterlies can be established as early as mid 
March but in years which can be classified as late, the first pentad mean easterly component 
may not occur until the end of April or early May and the final disappearance of the westerlies 
may not occur until towards the end of May. In presenting statistics of 30-mb winds during the 
early months of the year the spring reversal is obviously an important feature to bear in mind.

The curves in Figure 46,show that important year-to-year variations can also occur in the 
weeks before the summer easterlies are established. In many of the winters since 1958 the pen­ 
tad mean zonal wind components have exceeded 70 kn - for short periods in some years, for 
longer periods in other years. On the other hand, there are years, ,such as 1961 when the pentad 
mean remained below 40 kn throughout most of the winter and years like 1963, 1971 .or 1973 
when i^wa's near or below 20 kn for a considerable time. The diagrams presented in Figure 46, 
suggest that there is no simple connection between the strength of the zonal circulation early in 
the year and" the date of the spring reversal. In years when the zonal component exceeded 80 kn
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in some pentads the following spring reversals were late (as in 1958 and 1962) or early (as in 
1959, 1964 and 1974). In years when the zonal circulation was generally much lighter, as in 
I960 and 1961, the reversal to easterlies occurred at quite different times.

It has been suggested that the phase of the QBO in equatorial stratospheric winds may have 
a bearing on the spring reversal of stratospheric winds and the final warming in high 'atitudes. 
If the phase of the equatorial QBO in the 30-mb zonal wind component is such that, in the spring 
there is an increasing westerly (or decreasing easterly) component then there is a tendency for 
the change-over to stratospheric summer easterlies over Scotland to occur early. The converse 
is also true and a decreasing westerly (or increasing easterly) in the spring at 30 mb over the 
equator tends to be associated with a non-early (i,e. average or late) reversal to easterly at 
30 mb over Scotland. However, the record shows that there are exceptions and so these 'sug­ 
gestions' cannot be regarded as 'rules'. It may very well be that, in time, convincing theoretical 
arguments which are consistent with the observations, will be advanced to demonstrate that the 
equatorial and polar stratospheres are linked in such a way as that outlined above. A further 
possibility is that a connection might be found between the characteristics of the mid-winter 
circulation in the high-latitude stratosphere and the date of the spring reversal. At present there 
is no way of reliably forecasting the exact time of the change over to summer easterlies and it 
is unlikely that this will be possible until we have a better understanding of how known changes 
in the stratospheric circulation fit into the general circulation.

10-THE AUTUMN REVERSAL OF 30-MILLIBAR WINDS OVER SCOTLAND

From the average contour charts for July and August (Plates 16 and 17a) we know that in summer 
the highrlatitude stratosphere is dominated by a warm high centred near the North Pole with a 
very light easterly drift over high,latitudes. By September (Plate 17b) the average chart shows 
a low vortex centred near the pole with a light westerly flow established over high latitudes. 
The pentad average,zonal components at 30 mb, .based on data for Leuchars, Shanwell and 
Stornoway (Figure 47) indicate that, over Scotland, this reversal takes place around late August
or early September,i.e. pentads 48 to 49. The curves of the extreme values in Figure 47 show 
that the pentad mean zonal wind component can be easterly until towards the end of October 
and the pentad means for the individual years from 1958 to 1975 (Figure 48) indicate the vari­ 
ability which occurs, at the 30-mb level, from one autumn to another. In most years the initial 
reversal to westerly takes place within a short period near the average time of late August. 
However, in most of the years, following the initial onset of the pentad mean westerly zonal 
wind components, 'the easterlies reappear at some stage during the autumn. This reappearance 
of the easterlies leads to a wide range (more than 30 kn) of mean zonal wind components during 
each pentad of October. Figure 47 shows that from late September to mid October (pentads 54— 
57) the pentad average zonal wind component increases from less than 5 kn to more than 15 kn. 
During pentad 57 (8-12 October), although all the years have a mean westerly component, the 
variability is considerable with values ranging between 36 kn and 1 kn. In six of the years (I960, 
1966, 1968, 1969, 1971 and 1973) the pentad mean was greater than 20 kn whereas in 1958, 1959 
1961, 1972 and 1974 it was less than 10 kn.

Although the autumn reversal from summer easterlies to winter westerlies takes place within 
a short period around the average date it is apparent from Figures 47 and 48 that the subsequent
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behaviour of the 30-mb winds over Scotland can be very different from'one year to another, espe­ 
cially during October.

July August September October

1 10 kn

45 50 55 
Pentad number

60

FIGURE 47. PENTAD AVERAGE ZONAL WIND COMPONENTS AT 30 MILLIBARS OVER SCOTLAND 
FOR JULY-OCTOBER (1958-74) 

——————— Maximum _____ Minimum Extreme values for each pentad
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PLATE 1. AVERAGE TEMPERATURES AT 30 MILLIBARS OVER THE NORTHERN HEMISPHERE IN
JANUARY, 1958-65 

Temperatures are in degrees Celsius.
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2a

PLATES 2a AND 2b. AVERAGE TEMPERATURES AT 30 MILLIBARS OVER THE NORTHERN HEMISPHERE 
(NORTH OF LATITUDE 45°N) IN FEBRUARY (2a) AND MARCH (2b), 1958-65 

Temperatures are in degrees Celsius,
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2b



98 GEOPHYSICAL MEMOIRS No. 120

PLATE 3. AVERAGE TEMPERATURES AT 30 MILLIBARS OVER THE NORTHERN HEMISPHERE
IN APRIL, 1958-65 

Temperatures are in degrees Celsius.
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PLATE 4. AVERAGE TEMPERATURES AT 30 MILLIBARS OVER THE NORTHERN HEMISPHERE
IN JULY, 1957-64 

Temperatures are in degrees Celsius.
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5a

PLATES 5a AND 5b. AVERAGE TEMPERATURES AT 30 MILLIBARS OVER THE NORTHERN HEMISPHERE 
(NORTH OF LATITUDE 45°N) IN AUGUST (5a) AND SEPTEMBER (5b), 1957-64 

Temperatures are in degrees Celsius.
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5b
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PLATE 6. AVERAGE TEMPERATURES AT 30 MILLIBARS OVER THE NORTHERN HEMISPHERE
IN OCTOBER, 1957-64 

Temperatures are in degrees Celsius.
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PLATE 7(i). STANDARD DEVIATION OF TEMPERATURES AT 30 MILLIBARS OVER THE NORTHERN
HEMISPHERE IN JANUARY, 1958-65 

Temperatures are in degrees Celsius.
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-65'4 9-6 161 -370 -BOO

: , ,.,-rfJ
... —>w_..

82-79 74-71 66-63 58-55 50-47 42-37 34-31 26-23 
v 78-75 70-67 62-59 54-51 46-43 38-35 30-27 22-19

GOOSE
53"19'N 60'25'W

1958, 1960-65
J a N Max Mm 

-59-8 95 217 -38-3 -780

90-87 82-7? 74-71 66-63 58-55 50-47 43.39 34-3! 
86-83 78-75 70-67 62-59 54-51 46-43 38-35 -X

KUYBYSHEV
SriS'N 50'27'E

1958-59, 1966
T a N Max Mm 

-63-6 4-9 51 -540 -73-0

...r =1 ,

90-87 82-79 74-7? 66-63 58-55 50-47 42-39 -X 
86-83 78-75 70-67 62-59 54-51 46-43 38-35

O.W.S. *C
52"45'N 35*30'W

1958-65
J a N Mat Min 

-59* 9-8 273 -36-4 -758

86-83 78-75 70-67 62-59 54-51 46-43 38-35 30-27 
82-79 74-71 66-63 58-55 50-47 42-39 34-31 -'C

CHITA
52"01'N IIT20'E 
1958-59, 1964-66

ToN Mat Mm 
-49-2 61 147 -320 -64-0

78-75 70-67 63-59 54-51
74-71 66-63 58-55 -*C

WIEN
48'15'N16'22'E

1958-65
T a N Max Mm 

-585 8-1 398 -310 -76-4

66-63 58-55 50-47 43-39 34-31 
62-59 54-51 46-43 38-35 -'C

86-83 78-75 70-67 62-59 54-51 46-43 38-35
82-79 74-71 66-63 58-55 50-47 42-39 -X

SPOKANE
47-38'N lirSTW

1958-65
J a N Max Mm 

-56-2 5-5 371 -45-2 -747

82-79 74-71 66-63 58-55 50-47 42-39 34-31 
78-75 70-67 62-59 54-51 46-43 38-35 -'C

78-75 70-67 62-59 54-51 46-43 -'C 
74-71 66-63 58-55 50-47 42-39

PLATE 7(ii). FREQUENCY DISTRIBUTIONS OF TEMPERATURES AT 30 MILLIBARS FOR
SELECTED STATIONS IN JANUARY, 1958-65

——-——— Observed distribution — — — — — Theoretical distribution 
N— number of occasions, T = average temperature, tr = standard deviation,

Max. = highest recorded temperature, Min. = lowest recorded temperature,
in degrees Celsius.
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BARTEII ISLAND
70*OB'N 143*38'W

1958-65
7 a N Max Mm 

-55-8 8-4 297 -37* -76-9

78-75 70-47 62-59 54-51 46-43 38-35 
74-71 66-63 58-55 50-47 42-39 -*C

0RLAND
63-42'N 09-24'E

1958-65
T a N Max Min 

-6B.5 10-9 190 -38B -86-8

98-95 90-87 82-79 74-71 66-63 58-55 50-47 42-39 
94-91 86-83 78-75 70-67 62-59 54-51 46-43 -'C

KALININGRAD
54'42'N Iff&t

1958-59, 1966

TaN Max Mm
-621 6-4 64

i — ~

I __ 
1 ! 1 I

-430 -710

~

"h=,
78-75 70-67 62-59 54-51 46-43 

74-71 66-63 58-55 50-47

KOTZEBUE
66'52'N 162*38'W

1958-65
T a N Mat Mm 

-517 86 349 -29-1 -778

78-75 70-67 62.59 54-51 46-43 38-35 30-27 
74-71 66-63 58-55 50-47 42-39 34-31 -X

OKHOTSK
59-22'N 143-12'E

1958-66
ToN Mo* Min 

-466 6-9 126 -270 -62-0

46-63 SB-55 50-47 42-39 34-31
62-59 54-51 46-43 38-35 30-27 

-'C

TROUT LAKE
53'50'N 89'52'W

1958-65
ON Mox Mm 

9* 185 -20'9 -79<|

86-83 78-75 70-67 62-59 54-51 46-43 38-35 30-27 22-19 
K 82-79 74-71 66-63 58-55 50-47 42-39 34-31 26-23 ~'C

O.WA'J'
5730'N 2CCOO'W

1958-65
T a N Max Min

-60* !

: , ,,-rf

117 -36<l -78-0

-^Frt^
B4-B3 78-75 70-67 62-59 54-51 46-43 38-35 

82-79 74-71 66-63 58-55 50-47 42-39 -'C

CARIBOU
46'41'N 68*03^

1958-65
T a N Ma* Mm 

-574 7-1 360 -344 -736

78-75 ;0-ft7 62-59 54-51 46-43 38-35 
74 71 66-63 58-55 50-47 42-39 -'C

HANNOVER
52"27'N 9"43'E

1958-65
T a N Max Mm 

-60-7 97 341 -32-0 -79fl

86-83 78-75 70-67 62-59 54-51 46-43 38-35
B2-79 74-71 66-63 58-55 50-47 42-39 34-31-'C

ODESSA
46'29'N 30'38'E 
1958-59. 1964-66

1 a N Mat Mm 
-58-4 4-9 170 -44-0 -720

74-71 66-63 58-55 50-47 -*C 
7047 62-59 54-51 46-43

PLATE 7 (ii) (contd)
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PLATE 8a(i). STANDARD DEVIATION OF TEMPERATURES AT 30 MILLIBARS OVER THE NORTHERN
HEMISPHERE (NORTH OF LATITUDE 45°N) IN FEBRUARY, 1958-65

Temperatures are in degrees Celsius.
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1958-65
J a N Max Mm 

-66-9 122 247 -33-1 -798
r

-619

THULE
76'31'N 68'50'W 

1958-60. 19&Z IMS

127 -31<F -774

98-95 90-87 82-79 74-71 66-63 58-55 50-47 42-39
94-91 86-83 78-75 70-67 62-59 54-51 46-43 38-35

BAKER LAKE
64'lffN 96'00'W

1958-65
T a N Max Mm 

-S4-I 6-9 205 -297 -750

90-87 82-79 74-71 66-63 58-55 50-47 42-39 34-31 
Y 86-83 78-75 70-67 62-59 54-51 46-43 38-35 -'C

FROBISHER BAY
63"45'N 68"33'W 

1958-65
T a N Max Mm 

-577 86 253 -31 1 -771

74-71 66-63 SB-55 50-47 42-39
70-67 62-59 54-51 46-43 38-35 

-'C

LEUCHARS/SHANWELL
5f26'N rsrw
1958-6), 1963-65

TaN Man Mm 
-62-1 6-5 9B -48-0 -89-0

W-87 82-79 74-71 66-63 58-55 50-47 -'C 
86-83 78-75 70-67 62-59 54-51 46-43

o.w.s. y
5r»'N 20*00'W

1958-65
T a N Max Mm 

-57-7 67 135 -430 -770

78-75 70-67 62-59 54-5! 4*-43 -'C 
74-71 66-63 58-55 50-47 42-39

ODESSA
46*29'N 30'38'E

1958-59,1961, 1964-66
T a N Man Mm

-57-7 4-6 159 -4B-0 -730

74.71 66-63 58-55 50-47 -'C 
70-67 62-59 54-51 46-43

82-79 74-71 66-63 58-55 50-47 42-39
78-75 70-67 62-59 54-51 46-43 38-35

KALININGRAD
54'42'N 20'37'E

1958-59,1966
T a H Mat Mm 

-60-1 5-1 63 -430 -73-0

74-71 66-63 58-55 50-47 -'C 
70-67 62-59 54-51 46-43

HANNOVER
52"27'N 9"43'E

1958-65
J a H Ma* Mm 

-59-7 67 321 -440 -810

_Fft
83-79 74-7} 46-*J 58-55 50-4? -'C 

78-75 70-67 62-59 54-51 46-43

MOULD BAY
76VN 119*M'W

1958-65
T a N Max Mm 

-57-5 8'5 293 -30-1 -BO-7

82-79 74-71 66-63 58-55 50-47 42-39 
78-75 70-67 62-59 54-51 46-43 38-35 

-'C

0RLAND
63'42'N 09'24'E

1958-65
T a N Max Mm 

-64-9 9-2 224 -47-3 -86-0

90-87 82-79 74-71 66-63 58-55 50-47 42-39 
86-B3 78-75 70-67 62-59 54-51 46-43 -X

TROUT LAKE
53"50'N 89"57W 

1958-65
foN Mat Mm

-53-3 63 202 -31-9 -74-0

74-71 6643 58-55 50-47 42-39 34-31 
70-67 62-S9 54-51 46-43 38-35 -*C

CHITA
52*01'N lirM'E
1958-59,1964-66 

a N Mat Mm 
47 130 -33-9 -61-0

62-59 54-51 46-43 38-35 
58-55 50-47 42-39 34-31

PLATE 8a(ii). FREQUENCY DISTRIBUTIONS OF TEMPERATURES AT 30 MILLIBARS FOR SELECTED
STATIONS IN FEBRUARY, 1958-65

—————— Observed distribution _____ Theoretical distribution 
N = number of occasions. T = average temperature, a = standard deviation, 
Max. = highest recorded temperature, Min. = lowest recorded temperature,

in degrees Celsius.
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BARTER ISLAND
7<r<M'N t43*3B'W

1958-65 40
T a N Mat Min

-531 6-6 321 -32-4 -76-0

rff

-

30

™
20

10

KOTZEBUE
66*s7N urww

195845
ToN Ma* Mm

-SOI SB 380 -36B -73-1

f ~"

__^

__

^
78-75 70-67 62-59 54-51 46-43 38-35 

74-71 66-63 58-55 50-47 42-39 34-31 
~'c

OKHOTSK 
59*22^ l4rirE

195B-6S
T a N Max M,n 

-4*1 5'5 118 -300 -64-0

74-71 6643 58-55 50-47 42-39
70-67 62-59 54-51 46-43 38-35 

-'C 

CHURCHILL
5T45'N »4"04'W

1958-65
ToN Man Min 

-53-2 M 1» -40« -71-3

6643 SB-55 50-47 42-39 34-31
62-59 54-51 46-43 38-35 30-77 

-'C

GOOSE
53*19'N 60'25'W

195845
r a N Man Min 

-55* 6-3 333 -33-7 -74-4

74-71 6643 58-55 50-47 42-31 
7047 63-59 54-51 46-43 -'C

KUYBYSHEV
53*15'N 50'27'E 

1958-59.1946
T a N Ma* Min 

-6fr4 57 65 -51-0 -83-0

74-71 66-63 SB-55 50-47 42-39 
70-67 62-59 54-51 46-43 -'C

WIEN
48*15'N 16'27E

1958-59
f a N Max Mm 

-554 fr5 1M -35-0 -78-0

83 78-75 70-67 «2-59 54-51 46-43 
82-79 74-71 66-63 58-55 50-47

SKMCANE
4T38'N 117*32^

195B45
J a N Ma* Mm 

-52-9 4-1 396 -404 -650

78-75 7047 62-59 54-51 46-43 38-35 
74-7) 6643 58-55 50-47 42-39 -'C

NOME
W30'N 16S*26'W

195845
TaN Max Mm

31 5 -354 -69-8

"k
70-67 42-59 54-51 46-43 38-35 

( 6643 58-55 50-47 42-39 34-31 
-'C

O. W.S. V 
56'30-N snarw

195845
T o N Max Mm 

-579 71 278 -39-1 -79-2

78-75 70-67 62-59 54-51 46-43
74-71 66-63 5B-S5 50-47 42-39

O.W.S. T
52"45'N SfSffW

1958-65
T tf N MOM Mm 

' -579 5-9 325 -40-1 -74fl

"L..
74-71 6643 58-55 50-47 -'C 

t 7047 62-59 54-51 46-43

CAUVOU
46'41'N AffOJW

1958-65
T « N Max Mm 

-547 3* 345 -427 -67-0

66-63 58-55 50-47 42-39 
62-59 54-51 46-43 -'C

6643 58-55 50-47 - 
62-59 54-51 46-43

PLATE 8a (ii) (contd)
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PLATE 8b(i). STANDARD DEVIATION OF TEMPERATURES AT 30 MILLIBARS OVER THE 
NORTHERN HEMISPHERE (NORTH OF LATITUDE 45°N) IN MARCH, 1958-65 

Temperatures are in degrees Celsius.
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1958-45
r a N Ma* Mm 

-56-6 123 383 -180 -782

86-83 78-75 70-67 62-59 54-51 46-43 38-35 30-27 
83-79 74-71 66-fi3 58-55 50-47 42-39 34-31 -X

BAKER LAKE
64'18'N 96"WW

1958-65.
T a N Ma, Mm 

-52* 7-8 299 -33-0 -69«

74-71 66-43 58-55 50-47 42-39 34-31
70-67 62-59 54-51 46-43 38-35 -T

LEUCHARS/SHANWELL
W2i'N rsrw
1958-61, 1963-65

78-75 70-67 62-59 54-51 46-43 38-35
74-71 66-63 58-55 50-47 42-39 -X

O.W.S. V
52'30'N 20'M'W

1958-65
ToN Mo* Min 

-55-2 69 96 -400 -720

74-71 «-63 58-55 50-47 43-39 -'C 
70-67 63-59 54-51 46-43 38-35

ODESSA
46'39'N 30'38'E 
1958-59, 1964-66

-564 4-8 190 -45-0 -670

THULE
7f31'N ffSffW 
1958-60, 1963-65

T a N Mat Mm 
-56-5 10-7 277 -330 -751

82-79 74-71 66-63 58-55 50-47 42-39 34-31 
78-75 70-67 63-59 54-51 46-43 38-35 -X

t ROBI5HER BAY
63'45'N 6T33'W

1958-65
T a N Ma* M-n

_MO 8-4 3 >4 -33'B

f

——

-789

78-75 70-67 63-59 54-51 46-43 38-35 -X 
74-71 66-63 58-55 50-47 42-39 34-31

KAUNAS
54'53'N 2rS3'E

I960, 1964-66
TtfN Man Mm 

-57 7 6-2 106 -460 -74 0

74-71 66-63 58-55 50-47 42-39
70-67 62-59 54-51 46-43 -X

HANNOVER
52"27'N 9-43'E 

1958-65
TtrN MOM Mm 

-572 57 402 -410 -790

78-75 70-67 63-59 54-51 46-43
74-71 66-63 58-55 50-47 ~X

MOULD BAY
?6'14'N UfTO'W

1958-65
ToN Moi Mm 

-52fl 10-5 366 -30-7 -754

78-75 70-67 63-59 54-51 46-43 38-35 30-27 
74-71 66-63 58-55 50-47 42-39 34-31 -X

0RLAND
63"42'N 09-24'E 

1958-65
T a N Ma* Mm 

-593 80 308 -43fl -811

82-79 74-71 66-63 58-55 50-47 42-39
78-75 70-67 62-59 54-51 46-43 --C

TROUT LAKE
53"50'N 89'52'W

1958-65
r a N Max Mm 

-53-1 78 255 _1B>3 -730

74 71 66-63 58-55 50-47 42-39 34-31
70-67 63-59 54-51 46-43 38-35 ~'C

CHITA
SrOl'N 113-20'E 
1958-59, 1964-66

T a N Mat Mm 
-485 65 134 -310 -710

74-71 66-63 58-55 50 47 42-39 34-31
70-67 62-59 54-51 46-43 38-35 -X

70-67 62-59 54-51 46-43 
66-63 58-55 50-47 -X

PLATE 8b(ii). FREQUENCY DISTRIBUTIONS OF TEMPERATURES AT 30 MILLIBARS FOR SELECTED
STATIONS IN MARCH, 1958-65

—————— Observed distribution — — — — —-Theoretical distribution 
N = number of occasions. T = average temperature, a = standard deviation, 

Max. = highest recorded temperature, Min. = lowest recorded temperature,
in degrees Celsius.
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BARTER ISLAND
TOWN U3TM'W

1958-65
F a N Mo* Mm 

-50-S 8-3 373 -29* -70-2

74-71 46-63 58-55 50-47 42-39 34-37
70-67 62-59 54-51 46-43 38-35 30-37 

-'c 

OKHOTSK
W2TN urm

1956-65
f <r N Mo* Mm 

-457 75 138 -27-0 -660

66-63 58-55 50-47 42-39 34-31
61-59 54-51 46-43 38-35 30-37-•c 

ooosi
STWN 60"25'W

1958-65
ToN Max Mm 

-529 5-5 401 -34-8 -75fl

-r-T
70-47 62-59 54-51 46-43 38-35 

66-63 58-55 50-47 42-39 -X

WIEN
4ffl5'N 16'22'E

1958-65
J a N Mo* Mm 

-57-2 5* 254 -41$ -71-0

KOTZEBUE
64*57N 16338'W

1958-65
T a N MOM Mm

-49-2 7-2

rrrr

1 -287 -6J5

NOMf
64'30'N 165*26'W

1958-65
F a N Mot Mm

-492 47 4<to -30-3 -649

70-67 42-59 54-51 46-43 38-35 30-27 
66-63 58-55 50-47 42-39 34-31 -C

CHURCHILL
5B*45'N 94'04'W

1958-45
ToN Ma* Mm 

-539 74 268 -241 -74-4

12-59 54-St 46-43 38-35 30-27 
58-55 50-47 43-39 34-31 -'C

C
56'3

T a 
-534 41

: rf

>.W.
O'N 

195B
^

38

S.'B

sroo
-65 

0 -

"w

Mat 
-30-6

Mm 
-783

74-71 66-63 58-55 50-47 42-39 34-31 
, 70-67 62-59 54-51 46-43 36-35 30-27 -'C

KUSTANAY
5T13-N 63"37'E 
1958-60, 1964-66

T a N Ma* Mm 
-57<8 6-5 U9 -39-0 -700

78-75 70-67 62-59 54-51 46-43 38-35 
t 74-71 44-63 SB-55 50-47 42-37 -X

O.W.S. -C
SflSN 35"3ffW

1958-65
J a N Ma* Mm 

-54-4 52 369 -380 -717

74-71 64-63 SB-55 50-47 42-39 
( 70-67 62-59 54-51 44-43 -X

SPOKANE
47'38'N lir32'W

1958-45
T a N Max Mm 

-53-3 42 427 -370 -66-B

74-71 66-63 58-55 50-47 43-39
70-67 62-59 54-51 46-43 -X

CARIBOU
46'41'N 68'03'W

1958-65
T a N MOM Mm 

-52-5 4 5 410 -37 4 -66$

74-71 66-43 58-55 50-47 42-39 
70-67 63-59 54.5) 44-43 -'C

64-63 58-55 50-47 42-39
62-59 54-51 46-43 -'C

64-43 58-55 50-47 42-39 
62-59 54-51 46-43 -'C

PLATE 8b (ii) (contd)
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PLATE 9(i). STANDARD DEVIATION OF TEMPERATURES AT 30 MILLIBARS OVER THE NORTHERN
HEMISPHERE IN APRIL, 1958-65 

Temperatures are in degrees Celsius.
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ALERT

1958-65 

408 -33-8 -64-8

66-63 58-55 50-47 42-39 34-31 
62-59 54-51 46-43 38-35 -'C

MLAND
63"«'N 09"24'E

1958-65
I a N Mm Mm 

-54-1 5-4 325 -43-1 -72fl

74-71 66-63 58-55 50-47 42-39 
70-67 62-59 54-51 46-43 -

KUYBYSHEV
53"15'N 50*27'E 

1958-59

-48-0 -64-0

66-63 58-55 50-47 
62-59 54-51 -*C

ODESSA
46'29'N 30'38'E

1958-59, 1941, 1964-66
T a N Max Mm

-534 34 182 -440 -64<l

^=1 .
66-63 58-55 50-47 -'C 

62-59 54-51 46-43

THULE
76'31'N 6ff50'W 

1958-65
T a H Man Mm

-502 6-0 421 -384 -632

66-63 58-55 50-47 42-39 
K 62-59 54-51 46-43 38-35 

-'C

1958-41, 1964-66
f a N Max M,n 

-471 34 159 -36-0 -58-0

58-55 50-47 42-39
54 51 46-43 38-35 

-'C

O.W.S. 'C
5745'N 35"30'W

1958-65
T a N Max Mm 

• -53-4 3.6 359 -44-0 -594

58-55 50-47 -"C

MOULD BAY
76'14' 119"20'W

1958-45
r a N Mat Mm 

-491 63 408 -340 -««

66-63 58-55 50 47 42-39 34 31 
62 59 54-51 46-43 38-35 -'C

CHURCHILL
58'4SN 94'04'W

1958-65
f a N MO. Mm 

-51$ 44 304 -39-3 -642

66-63 58-55 50-47 42-39 
62-59 54-51 46-43 -'C

O.W J. 'J'
5730'N 20'00'W

1958-65
T a N MOM Mm 

-55-3 4 3 123 -450 -690

70-67 62-59 54-51 46-43 
66-63 58-55 50-47 -c

BARTER ISLAND
70'08'N 143"38'W

1958-65
J a N Ma- Mm 

-490 5-7 375 -328 -609

66-63 58-55 50-47 42-39 34-31 
62-59 54-51 46-43 38-35 -'C

O.W.S. '•'
M'30'N STOO'W

1958-65
f a N Mat Mm 

-52'3 33 386-452 -617

62-59 54-51 46-43
58-55 50-47 -'C

HANNOVER
Sr27'N 9"43'E

1958-65
f a N Max Mm 

-534 30 360 -380 -630

62-59 54-51 46-43
58-55 50-47 -'C

PLATE 9(ii). FREQUENCY DISTRIBUTIONS OF TEMPERATURES AT 30 MILLIBARS FOR SELECTED
STATIONS IN APRIL, 1958-65

—————— Observed distribution _ — -.__ Theoretical distribution 
N = number of occasions. T = average temperature, a = standard deviation, 
Max. = highest recorded temperature, Min. — "lowest recorded temperature,

in degrees Celsius.
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KOTZEBUE
66'52-N 162-38'W

195845
T a N Ma* Mm 

• _«-4 4-7 410 -27-0 -60-6

62-59 54-51 46-43 38-35 
58-55 50-47 42-39 -*c

UUCHARS/SHANWELL
56'26'N rsrw
W5B41, 1943-65

T o N Moi Min 
•-54'5 4-t 178 -43-0 -654

6643 58-55 50-47 -'C 
., 63-59 54-51 *6-43

NOME
64'30'N 165-26'W

(9584.5
f a N Ma* Mm 

-49-4 41 433 -37<l -40-6

67-59 54-51 «-43 38-35 
58-55 50-47 42-39 -X

T 
'-54'6

1958-59
H Ma*

70-67 62-59 54-51 46-43 
y 6643 58-55 50-47 -X

BAKER LAKE
64'18'N 96'00'W

195845
T a N Mo* 

-504 5-2 345 -384

66-63 58-55 50-47 42-39
62-59 54-51 «-43 38-35 

-'C

nOUTLAKI
STSO'N 8T57W

19S8-6S
a N Ma* Min 

• -524 J5 278 -44-9 -61-3

FROtlSHER BAY
63'45'N 68*33'W

195845
a N Mo* Mm 

-51-5 4-3 345 -417 -63-4

67-59 54-51 46-43
58-55 50-47 -'C

66-63 58-55 50-47 42-39 
62-59 54-51 46-43 -*C

GOOSE
STl^N 60'25'W

195845
T a N Max Mm 

-52-5 30 361 -427 -630

6643 58-55 50-47 -X 
62-5P 54-51 46-43

CHITA
SrOI'N 113*20'E 
175840, 1964-66 

a N Ma* Mm 
-48-4 3-6 138 -WO -570

58-55 50-47 42-39
54-51 46-43 -X

1958-65
T c N Max Mm 

-54-6 3-1 739 -47-0 -45fl

66-63 SB-55 50-47
62-59 54-51 -X

195845
T a N Ma* Mm 

' -53-1 24 403 -460 -62?

CARIBOU
46*4l'N 6T03'W

1958-65
f a N Man Mm 

-52-7 1« 348 -45-4 -62-5

. F=
62-59 54-51 46-43

58-55 50-47 -'C
62-59 54-51 46-43

SB-55 50-47 -C

PLATE 9 (ii) (contd)
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PLATE 10. STANDARD DEVIATION OF TEMPERATURES AT 30 MILLIBARS OVER THE NORTHERN
HEMISPHERE IN JULY, 1957-64 

Temperatures are in degrees Celsius.
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PLATES lla AND lib. STANDARD DEVIATION OF TEMPERATURES AT 30 MILLIBARS OVER THE 
NORTHERN HEMISPHERE (NORTH OF LATITUDE 45°N) IN AUGUST (lla) AND SEPTEMBER

(lib), 1957-64 
Temperatures are in degrees Celsius.
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PLATE 12. STANDARD DEVIATION OF TEMPERATURES AT 30 MILLIBARS OVER THE NORTHERN
HEMISPHERE IN OCTOBER, 1957-64 
Temperatures are in degrees Celsius.
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PLATE 13. AVERAGE CONTOUR HEIGHTS AT 30 MILLIBARS OVER THE NORTHERN HEMISPHERE
IN JANUARY, 1958-65 

Heights are in geopotential metres.
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14a

PLATES 14a AND 14b. AVERAGE CONTOUR HEIGHTS AT 30 MILLIBARS OVER THE NORTHERN 
HEMISPHERE (NORTH OF LATITUDE 45°N) IN FEBRUARY (I4a) AND MARCH (14b), 1958-65

Heights are in geopotential metres.
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14b
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PLATE 15. AVERAGE CONTOUR HEIGHTS AT 30 MILLIBARS OVER THE NORTHERN HEMISPHERE
IN APRIL, 1958-65 

Heights are in geopotential metres.
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PLATE 16. AVERAGE CONTOUR HEIGHTS AT 30 MILLIBARS OVER THE NORTHERN HEMISPHERE
IN JULY, 1957-64 

Heights are in geopotential metres.



128 GEOPHYSICAL MEMOIRS No. 120

17a

PLATES 17a AND 17b. AVERAGE CONTOUR HEIGHTS AT 30 MILLIBARS OVER THE NORTHERN 
HEMISPHERE (NORTH OF LATITUDE 45°N) IN AUGUST (17a) AND SEPTEMBER (17b), 1957-64

Heights are in geopotential metres.
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17b
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PLATE 18. AVERAGE CONTOUR HEIGHTS AT 30 MILLIBARS OVER THE NORTHERN HEMISPHERE
IN OCTOBER, 1957-64 

Heights are in geopotential metres.
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PLATE 19. AVERAGE WINDS AT 30 MILLIBARS OVER THE NORTHERN HEMISPHERE IN
JANUARY, 1958-65 

—————— Isotachs (knots) _---»- Streamlines
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20a

PLATES 20a AND 20b. AVERAGE WINDS AT 30 MILLIBARS OVER THE NORTHERN HEMISPHERE 
(NORTH OF LATITUDE 45°N) IN FEBRUARY (20a) AND MARCH (20b), 1958-65 

————— Isotachs (knots) — — — -»— Streamlines
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205
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PLATE 21. AVERAGE WINDS AT 30 MILLIBARS OVER THE NORTHERN HEMISPHERE IN
APRIL, 1958-65 

—————~ Isotachs (kn) — — — -» — Streamlines
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PLATE 22. AVERAGE WINDS AT 30 MILLIBARS OVER THE NORTHERN HEMISPHERE IN
JULY, 1957-64 

-,.....—— Isotachs(kn)— — — ->— Streamlines
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23a

PLATES 23a AND 23b. AVERAGE WINDS AT 30 MILLIBARS OVER THE NORTHERN HEMISPHERE 
(NORTH OF LATITUDE 45°N) IN AUGUST (23a) AND SEPTEMBER (23b), 1957-64

Isotachs(kn) — — — -» — Streamlines
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23b
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PLATE 24. AVERAGE WINDS AT 30 MILLIBARS OVER THE NORTHERN HEMISPHERE IN
OCTOBER, 1957-64 

- Isotachs(kn) — — — -» — Streamlines
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PLATE 25. AVERAGE ZONAL WIND COMPONENTS (KNOTS) AT 30 MILLIBARS OVER THE 
NORTHERN HEMISPHERE IN JANUARY, 1958-65



140 GEOPHYSICAL MEMOIRS No. 120

26a

PLATES 26a AND 26b. AVERAGE ZONAL WIND COMPONENTS (KNOTS) AT 30 MILLIBARS OVER 
THE NORTHERN HEMISPHERE (NORTH OF LATITUDE 45°N) IN FEBRUARY (26a) AND

MARCH (26b), 1958-65
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26b
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PLATE 27. AVERAGE ZONAL WIND COMPONENTS (KNOTS) AT 30 MILLIBARS OVER THE NORTHERN
HEMISPHERE IN APRIL, 1958-65
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PLATE 28. AVERAGE ZONAL WIND COMPONENTS (KNOTS) AT 30 MILLIBARS OVER THE NORTHERN
HEMISPHERE IN JULY, 1957-64
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29a

PLATES 29a AND 29b. AVERAGE ZONAL WIND COMPONENTS (KNOTS) AT 30 MILLIBARS OVER THE 
NORTHERN HEMISPHERE (NORTH OF LATITUDE 45°N) IN AUGUST (29a) AND SEPTEMBER

(29b), 1957-64
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29b
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PLATE 30. AVERAGE ZONAL WIND COMPONENTS (KNOTS) AT 30 MILLIBARS OVER THE NORTHERN
HEMISPHERE IN OCTOBER, 1957-64



GEOPHYSICAL MEMOIRS No. 120 147

PLATE 31. AVERAGE MERIDIONAL WIND COMPONENTS (KNOTS) AT 30 MILLIBARS OVER THE 
NORTHERN HEMISPHERE IN JANUARY, 1958-65



148 GEOPHYS/CAL MEMO/RS No. 120

32a

PLATES 32a AND 32b. AVERAGE MERIDIONAL WIND COMPONENTS (KNOTS) AT 30 MILLIBARS 
OVER THE NORTHERN HEMISPHERE (NORTH OF LATITUDE 45°N) IN FEBRUARY (32a)

AND MARCH (32b), 1958-65
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32b
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PLATE 33. AVERAGE MERIDIONAL WIND COMPONENTS (KNOTS) AT 30 MILLIBARS OVER THE
NORTHERN HEMISPHERE IN APRIL, 1958-65
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PLATE 34. AVERAGE MERIDIONAL WIND COMPONENTS (KNOTS) AT 30 MILLIBARS OVER THE
NORTHERN HEMISPHERE IN JULY, 1957-64
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PLATES 35a AND 35b. AVERAGE MERIDIONAL WIND COMPONENTS (KNOTS) AT 30 MILLIBARS 
OVER THE NORTHERN HEMISPHERE (NORTH OF LATITUDE 45°N) IN AUGUST (35a) AND

SEPTEMBER (35b), 1957-64
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35b
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PLATE 36. AVERAGE MERIDIONAL WIND COMPONENTS (KNOTS) AT 30 MILLIBARS OVER THE
NORTHERN HEMISPHERE IN OCTOBER, 1957-64
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PLATE 37. STANDARD DEVIATION OF ZONAL WIND COMPONENTS (KNOTS) AT 30 MILLIBARS 
OVER THE NORTHERN HEMISPHERE IN JANUARY, 1958-65
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38a

PLATES 38a AND 38b. STANDARD DEVIATION OF ZONAL WIND COMPONENTS (KNOTS) AT 
30 MILLIBARS OVER THE NORTHERN HEMISPHERE (NORTH OF LATITUDE 45°N) IN 

FEBRUARY (38a) AND MARCH (38b), 1958-65
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38b
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PLATE 39. STANDARD DEVIATION OF ZONAL WIND COMPONENTS (KNOTS) AT 30 MILLIBARS 
OVER THE NORTHERN HEMISPHERE IN APRIL, 195&-65



GEOPHYSICAL MEMOIRS No. 120 159

PLATE 40. STANDARD DEVIATION OF ZONAL WIND COMPONENTS (KNOTS) AT 30 MILLIBARS 
OVER THE NORTHERN HEMISPHERE IN JULY, 1957-64
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41 a

PLATES 4la AND 4lb. STANDARD DEVIATION OF ZONAL WIND COMPONENTS (KNOTS) AT 
30 MILLIBARS OVER THE NORTHERN HEMISPHERE (NORTH OF LATITUDE 45°N) IN 

AUGUST (4la) AND SEPTEMBER (41b), 1957-64
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41 b
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PLATE 42; STANDARD DEVIATION OF ZONAL WIND COMPONENTS (KNOTS) AT 30 MILLIBARS 
OVER THE NORTHERN HEMISPHERE IN OCTOBER, 1957-64
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PLATE 43. STANDARD DEVIATION OF MERIDIONAL WIND COMPONENTS (KNOTS) AT 
30 MILLIBARS OVER THE NORTHERN HEMISPHERE IN JANUARY, 1958-65
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44a

PLATES 44a AND 44b. STANDARD DEVIATION OF MERIDIONAL WIND COMPONENTS (KNOTS) 
AT 30 MILLIBARS OVER THE NORTHERN HEMISPHERE (NORTH OF 45°N) IN FEBRUARY

(44a) AND MARCH (44b), 1958-65



GEOPHYSICAL MEMOIRS No. 120 165

44b
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PLATE 45. STANDARD DEVIATION OF MERIDIONAL WIND COMPONENTS (KNOTS) AT 
30 MILLIBARS OVER THE NORTHERN HEMISPHERE IN APRIL, 1958-65
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PLATE 46. STANDARD DEVIATION OF MERIDIONAL WIND COMPONENTS (KNOTS) AT 
30 MILLIBARS OVER THE NORTHERN HEMISPHERE IN JULY, 1957-64
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47a

PLATES 47a AND 47b. STANDARD DEVIATION OF MERIDIONAL WIND COMPONENTS (KNOTS)
AT 30 MILLIBARS OVER THE NORTHERN HEMISPHERE (NORTH OF LATITUDE 45°N) IN

AUGUST (47a) AND SEPTEMBER (47b), 1957-64
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47b
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PLATE 48. STANDARD DEVIATION OF MERIDIONAL WIND COMPONENTS (KNOTS) AT 
30 MILLIBARS OVER THE NORTHERN HEMISPHERE IN OCTOBER, 1957-64
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