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ANALYSIS OF WINDS AT 40,000 FT. AND 50,000 FT.
OVER SINGAPORE
By L. S. CLARKSON, M.Sc.

Summary.—An analysis is presented of all available radar-wind observations at 40,000 ft. and
50,000 ft. over Singapore. Tables showing the monthly mean components from the north and
from the east together with the standard deviations are included. The vector mean wind, its
constancy, and the standard vector deviation for each month are evaluated. The results of the
analysis and some of their implications are discussed.

Observations and analysis.—Some of the observations of winds over
Singapore determined by tracking balloons with a manually operated GL. I1I
radar, usually on two or three occasions a week at 0030-0200 G.M.T. from
January 1951 to August 1953, have already been discussed by R. F. M. Hay.
Since November 1953 radar-wind observations at 0300 G.M.T. have been made
by the Malayan Meteorological Service daily, except for a break caused by
technical trouble in December 1954. These observations are published? at
standard heights, with direction to the nearest ten degrees and speed to the
nearest knot.

The observations at 40,000 ft. (about 200 mb.) and 50,000 ft. (125 mb.) have
been analysed separately for each month, and for each year in most cases. The
mean components V, and V, for the month and year were obtained, and the
standard deviations ¢, and o, calculated by summing the squares of the
differences from the respective means; combinations of years were normally
computed by the method described by Brooks and Carruthers3.

The vector mean wind Vz and standard vector deviation ¢ for each month
and year(s) were obtained from the mean components and their standard
deviations. The constancy ¢ given by the percentage ratio of the module
of the vector mean wind to the scalar mean V, was also evaluated. Results of all
these computations are given in Tables I and II.

Mean meridional component.—The mean meridional components and
their probable errors at 40,000 ft. and 50,000 ft. for each month computed
from all observations are shown in Fig. 1. The seasonal reversal in meridional
flow at both altitudes occurs during the transitional months at around the time
of passage through Singapore of the thermal equator. The high-level
meridional flow is a maximum from the northern hemisphere at the peak of
the S.-SW. surface monsoon in August, and from the southern hemisphere
during the N.-NE. winter monsoon. This is consistent with the theory advanced
by Sheppard? ascribing the associated easterly zonal component to the
conservation of momentum in air flowing out at high levels equatorwards from
above the low-level intertropical convergence zone.



TABLE I—STATISTICS OF MONTHLY MEAN WINDS AT 40,000 FT.
OVER SINGAPORE AT 0300 G.M.T.

No.
of Vs Pn Ve On Ot VR o q

obs.

knots ° ke, | kt

January 1951-54 50 | 22:6 | — 65 19-9| 8-3 10-7 | 110 21 | 13°5 |93
1955 15 | 25°5 | — 9-3 21-3}! 86 g0 110 23| 12°5/| g1
1951-55 65 | 233 | — 72 20°2} 8-5 100 | 110 21 | 131 | Q2
February | 1951-54 50 | 243 | — 95 18-9] 93 12:8 | 120 21 | 16°0 | 87
1955 28 | 34-7 | —12°9 31-3| 80 140|100 34 | 16-4 | o8
1951-55 78 | 28-0 | —10°7 23°3| 9-1 14-6 | 110 26 [ 17-2 | 92
March 1951~54 56 | 22°5 1 — 6:6 186 7-8 13-2 | 110 20| 15-4 | 88
1955 29 | 17°6 | — 59 8-6| g-6 12-4] 120 10| 156 | 59
1951-55 85| 20:8| — 6-4 151 | 84 138|110 17| 16-2| 79
April 1951-54 49 | 200 | — 1-8 16-4| 9'8 11:5| 100 17| 151 | 83
1955 30 | 18-3 | — 2-4 16-1 76 95| 100 16 12-2 | 89
1951-55 79 | 19°4 | — 2:0 16-3| 90 10-8 100 16| 14°1 | 85
May 1951-54 50 | 22-4 34 17'9g|11°4 10-8 8o 18| 15-7] 81
June 195154 52 | 345 99 31-1r| 108 r11i-71 70 33159]95
July 1951-54 53| 39°2| 141 346|109 11-24 70 37| 156 |96
August 1051-54 46 | 44°2 14°4 99°9 | 11-7 131 70 42 | 176 | g6
Sept. 1951-52, 1954 | 44 | 414 141 37°2 | 122 12°5| 70 40 [ 175 | 96
October | 1951-52, 1954 | 51 | 25°9 38 23:9| 91 121 80 24| 151 |03
Nov. 1951-54 67 | 250 [ — 40 230} 8.0 10-2 100 23| 13-0| 93
Dec. 1951-54 47 1 22°3 1 — 56 186| 9-2 122|110 19| 153 | 87

Mean zonal component.—Tables I and II show that in all months mean
winds at 40,000 ft. and 50,000 ft. over Singapore have an easterly zonal
component which is least in the transitional month of March, but which
reaches maxima of 40 kt. and 50 kt. respectively at the peak of the summer
monsoon in August. There is a suggestion of a secondary maximum in January,
but this may be nothing more than an irregularity in the seasonal decrease in
Ve from the August maximum to the March minimum; it is certainly much less
pronounced than would appear from the more limited set of observations
discussed by Hay!.

Distribution of components.—Geary®, in an application of Cornu’s
criterion for normality, has shown that for 50 observations the distribution
from which these observations were selected is unlikely to be normal if the
ratio of the average deviation from the mean to the standard deviation lies
outside the limits 0:75 to 0-85. This ratio for the easterly components of
the 51 observations of winds at 50,000 ft. in November 1953 and 1954 was
computed to be 0-78. In fact, there seems to be no evidence of abnormality in
the distribution of the 40,000-ft. or 50,000-ft. wind components about their
respective means.

From Tables I and II it is seen that o is in all months appreciably greater at
50,000 ft. than at 40,000 ft., though there is little difference in the standard
deviations of the meridional components at the two heights. Evidently the
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TABLE II—STATISTICS OF MONTHLY MEAN WINDS AT 50,000 FT.
OVER SINGAPORE AT 0300 G.M.T.

No.
of { Vs I Ve On Ot VR o q
obs.
knots °  kt. | kt
January 1951-53 19| 443 — 6:9 41'5]| 80 20-1 | 100 42| 21-6 | 95
1954 31 | 42°5| — 76 38-4 | 16°0 14°3 | 100 40 { 21-5 | 93
1955 14| 271 | — 1°3 24°4 | 11°1 14°5| 9o 24| 18-2 | g0
1951-55 64 | 39:7 | — 6:0 363|136 17-5| 100 37| 221193
February | 1951-53 21 | 40°3 | — 60 34'5| 14:2 28:6 | 100 35 | 32:0 | 87
1954 27 | 20-9 40 7-1}11-0 22:8| 60 08| 25-31{38
1955 27 | 550 | —20°8 46-3 | 169 25-3 | 110 51 | 30°4 | 93
1951-55 75386 — 77 28-7]| 145 30:7{ 100 30| 339 | 77
March 1951-53 26 | 235 I‘4 132 g0 227 | 8o 13{ 24455
1954 g0 | 28-8 40 158} g1 276 | 80 16| 29-1 | 56
1955 29 | 19-2 5'5 —0-6 | 10-g 16-9 | 350 6 | 20-1 | 29
1951-55 85 | 23-9 37 94| 98 24:1| 70 1026042
April 1951-53 18 | 169 47 95| 91 13-2] 60 11 ] 16:0 | 65
1954 30 | 28-9 16 245 99 205 | 9o 25| 22:8 | 85
1955 30 | 232 32 20-5| 81 132 80 21 155|888
1951-55 78 | 23-9 2:9 19'5| 91 174 | 80 20| 196 |82
May '1951-53 19 | 30-8 105 232|106 16-7 70 26 ! 19-8 | 83
1954 29 | 29-8 9'3 26:6 | 11°5 12°0| 70 28 | 166 | 94
1951-54 48 | g30-2 9-8 252|112 141 70 27 | 18-0 | go
June 1951-53 17 | 354 81 27-7|17:2 19°1| 80 =29} 257]|82
1954 29 | 366 7:8 336132 210 8 35| 24:8 | 94
1951-54 46 | 36-1 7'9 31°4| 148 20°5| 80 32| 25390
July 1951-53 16 | 513 166 458|179 175 70 49| 2570 | g6
1954 29 | 36-2 1'2 33°4 | 11°6 16-2 | g0 34| 19-9 |93
1951-54 45 | 41°6 6-7 37:8 160 17-7] 80 39 (239|093
August 195153 13 | 55°2 138 510 ] 12:7 19°8] 70 53| 23-6{ g6
1954 22 | 51-6 117 48-7 | 140 21-7| 80 50| 2581 97
1951-54 35| 53°0 12:4 49°6 | 13°5 21°1 | 80 51| 250197
Sept. 1951~52 17| 32°9 1o-2 28-7 | 152 15°3 70 31 | 21-6 | o4
1954 24 | 65-7 9'2 636 12:2 193 | 80 64| 22:8| 97
1951-52, 1954 | 41 | 52-1 96 49°1| 135 24-7) 8o 50| 28-2 | 96
October | 1951-52 19 | 41°1 105 38-2 | 10-8 158 8 40| 19°2 | 97
1954 29 | 36-6 4'1 342 |12°2 17°5| 80 35| 21°4]094
1951-52,1954 | 48 | 38-4 6:6 35:81| 12°2 17°0| 80 36 20-9 |95
Nov. 1951-52 17| 39°7 44 384 6-2 16-1| go 39| 173 |98
1953 25 [ 40°4 [ — 3°1 39:6| 71 13-6] go 40| 15398
1954 26 [ 46:2 [ — 0.7 45'8 | 8-8 24-3| 9o 46| 25-8 | 99
1951~54 68 | 424 | — 0°3 41-7| 81 19°0| go 42| 20798
Dec. 1951-52 17,362 — 07 34-2| 96 185]| go 34| 2081} 94
1953 22 | 29°6 | — 41 260 8-4 =21-1| 100 26| 22-7 | 88
195153 39 | 32°5 | — 26 29:6| 9-1 20-4| 100 30| 22-3] g1

variability of the zonal but not the meridional component increases from
40,000 ft. to 50,000 ft., and this, as is shown later, leads to an elliptical distri-
bution of the vector winds in most months at 50,000 ft., whereas thedistribution
at 40,000 ft., where o, approximates to g, is roughly circular.

Table III gives, for each month, the computed value of the easterly com-
ponent which is likely to be equalled or exceeded on 5 per cent. of accasions.
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It is evident that at 50,000 ft. over Singapore easterly components equalling
or exceeding 80 kt. are likely to occur on at least one or two days in each of
the months of February, August and September; at 40,000 ft. there is a similar
expectancy of easterly components exceeding 60 kt. in August and September.

Table III also lists the percentage occasions a month when the easterly
component may be expected to depart from the appropriate monthly mean
value by more than 19 kt. and more than 39 kt. Since the vector mean wind is
almost entirely easterly, Table III gives an indication of the frequency of
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FIG. I—MEAN MERIDIONAL WIND COMPONENT AT SINGAPORE

errors exceeding 19 kt. and 39 kt. to be expected if the appropriate monthly
mean wind is used as a forecast of the wind over Singapore. Comparison of the
40,000-ft. frequencies with the frequency of vector errors of similar magnitude
in spot wind forecasts for 24 hr. ahead over England and north-west Europe
as given in Table XXIII of Durst’s Geophysical Memoir® is interesting; the
forecast error frequencies are generally much larger.
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All consecutive daily observations of wind at 50,000 ft. over.Singapore at
0300 G.M.T. for the period November 1953 to April 1955, inclusive, have been
analysed in Table IV into the number of occasions when the 24-hr. change in
the easterly component was less than 10 kt., 10-19 kt., 2029 kt. and 30 kt. or
more. Of the 407 pairs of observations in this period, 563 per cent. showed a
24-hr. change in the easterly component of less than 10 kt., and on only
14-7 per cent. of occasions was there a 24-hr. change of 20 kt. or more.

It has been shown in Table III that the distribution of easterly components
about their monthly mean values is such that at 50,000 ft. the proportion of
daily occasions when the actual easterly component may be expected to differ
from the appropriate monthly mean by more than 19 kt. varies from 15 per
cent. in May to as much as 52 per cent. in February, but is usually within the
range 20—40 per cent. Hence from Table IV the use of an actual 50,000-ft.
easterly component as a forecast of that expected 24 hr. later will invoke errors
of less than 20 kt. on about 85 per cent. of occasions, whereas use of the mean
monthly easterly component as a forecast is likely to be correct to within 20 kt.
on only 60-80 per cent. of occasions (depending on the particular month).

TABLE III—HIGH EASTERLY WIND COMPONENTS AND FREQUENCY OF LARGE
DEPARTURES FROM THE MONTHLY MEAN EASTERLY WIND COMPONENTS
AT SINGAPORE

Upper limit likely to Frequency of departures from mean
be exceeded on 5 per exceeding 19 kt. and 39 kt. at
cent. of occasions at 40,000 ft. 50,000 ft.
40,000 ft. | 50,000 ft. | >19 kt.  >3g kt. >19 kt.  >39 kt.
knots per cent.

January ... e 40 64 5 <1 24 2
February ... 48 8o 18 <1 52 20
March 38 48 15 <1 41 10
April 34 48 7 <1 24 2
May... 36 48 7 <1 15 <1
June... 51 64 9 <1 32 5
July ... 53 68 7 <1 27 3
August 61 85 13 <1 34 6
September ... 58 90 13 <I 42 11
October ... 44 64 9 <1 24 2
November ... 39 73 5 <1 29 4
December ... 39 63 9 <1 32 5

Although the preceding paragraphs refer only to the easterly component,
in view of the winds at 50,000 ft. over Singapore being predominantly zonal
(see Tables I and II), it appears that the temporal variation is appreciably
less than over north-west Europe, and that, contrary to what has been found
by Durst® for that region, the error caused by using a high-level wind over
Singapore 24 hr. old as a forecast is likely to be appreciably less than the error
made by using the normal wind.

Vector mean winds and constancy.—From Tables I and II it is seen
that the direction of the vector mean wind at 40,000 ft. and 50,000 ft. over
Singapore in all months is within 20° of go°. Except in February and March
the day-to-day variability in direction of the vector winds, particularly at
50,000 ft., is extraordinarily low. For instance, the values for the constancy ¢ in
Tables I and IT may be compared with the figure of go per cent. for the most
steady trade winds and monsoons, and the g7 per cent. reached in some
months by the easterly stratospheric ‘“Krakatoa winds” at 30 Km. and Von
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TABLE IV—FREQUENCY OF 24-HR. CHANGES OF EASTERLY WIND
COMPONENT AT 50,000 FT. OVER SINGAPORE

Number
<10 kt. 1o-19 kt. 20-29 kt. >29 kt. of pairs
Number of occasions
January . . 1954 16 11 3 0 30
1955 7 5 1 o 13
February s e 1954 16 4 4 I 25
1955 14 9 1 1 25
March 1954 17 8 2 2 29
1955 16 6 2 2 26
April ... 1954 14 11 4 o 29
1955 18 7 4 o 29
May ... 1954 18 7 1 o 26
June ... 1954 12 7 7 1 27
July ... 1954 13 8 4 1 26
August... 1954 7 7 I 2 17
September ... .o 1954 10 4 3 3 20
October . e 1954 16 7 3 o} 26
November ... 1953 14 6 I o 21
1954 12 7 I 4 24
December ... 1953 9 4 o I 14
Totals ... 229 118 42 18 407
percentage frequency
56-3 29°0 10°3 44

Berson’s westerlies at 17-24 Km. (both discussed by Van Bemmelen?), which
are characterized as remarkable by Palmer®. This observed steadiness of the
high-level winds over Singapore contrasts with Palmer’s findings for the
central Pacific area, which lead him to conclude that the circulation over the
equator in the layers 200 mb. to go mb. is usually in a state of turmoil, and only
occasionally settles down to a state which approximates to the steady.

A comparison of the monthly vector mean winds over Singapore at 40,000 ft.
and 50,000 ft. as given in Tables I and II with the corresponding values for
200 mb. and 150 mb. at Nairobi given by Austin and Dewar? shows that,
although similarly situated with regard to the equator, the high-level wind
régimes at the two places are different, easterlies being generally stronger and
far more persistent at Singapore, with a constancy at 50,000 ft. greatly
exceeding the values ranging from 23 to 75 per cent. at 150 mb. characteristic
of Nairobi. .

Distribution of vector winds.—The standard deviation of the northerly
components of the 40,000-ft. and 50,000-ft. winds is found in all months to be
less than that of the corresponding easterly components (Tables I and IT). At the
lower altitude, however, the differences are small, and the vector distribution
is to all intents and purposes circular. But at 50,000 ft. g, is in many months
about twice as great as oy, and this suggests an elliptical distribution of
individual 50,000-ft. winds about their vector mean.
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Mauchly!® has described (see also section 12.73 of “Handbook of statistical
methods in meteorology™3) the application of his statistic
200

O’ +O’2\/( ‘"rma),

where oy and ¢, are the standard deviations of the N. and E. components
and r, is the correlation coefficient between these components for ; indepen-
dant observations. For an exactly circular vector distribution, L, = 1.
Mauchly has shown that the probability of obtaining a value as small as L,
from a sample of ¥ 1ndependent observations drawn from a population with a
truly circular distribution is L*?2. Now for the 27 observations of wind at
50,000 ft. each separated by at least 48 hr. in November 1953 and 1954, 0y
was evaluated as 8-2 kt., o, as 21+7 kt., V; as —1-2 kt., V as 4416 kt. and
2V\Ve as 2,859, giving a value for L, of 059, and of L, of 1-52 x 107. The
chance of the November observations having been part of a truly circular
distribution is seen on this basis to be almost negligible.

L =

For a normal circular vector distribution, Brooks, Durst and Carruthers!!
have established for particular values of the constancy ¢ an approximate
relation between the standard vector deviation and the vector mean wind
speed, which is set out in Table LXXIV of the “Handbook of statistical
methods in meteorology” and Table II of Geophysical Memoirs No. 852, For
the 50,000-ft. vector wind distribution in July (which appears approximately
circular since in that month ¢, is only a little greater than ¢,) the standard
vector deviation calculated from the relation (with ¢ = g3 per cent.) is 20, as
compared with the actual value of 24. Similarly for the apparently circular
40,000-ft. vector wind distribution in November, the approximate standard
vector deviation calculated from the relation is 12, compared with the actual
value of 13. But for the 50,000-ft. wind distribution in November, where
¢ = 98 per cent. the standard vector deviation of a normal circular distribution
with Vg = 41-7 would be approximately 11, as against the actual value of 21.

It appears therefore that statistical frequencies calculated from vector means
and standard vector deviations on the assumption of a circular distribution can
be regarded as only approximate in cases where the standard deviations of the
components are greatly different. For the 50,000-ft. winds over Singapore in
most months, and probably for high-level winds elsewhere near the equator,
it is safer to apply the normal frequency curve to the distribution of components
rather than to the vector winds.

It is perhaps of some interest that the standard vector deviations in Tables
I and II for high-level winds over Singapore are in general much smaller than
those indicated in the world maps in Geophysical Memoirs No. 8512,

Table V gives the values of wind speed likely to be exceeded on 5 per cent.
of occasions, both as calculated on the assumption of a normal circular
distribution and as observed. The maximum observed wind speed is also given.

It is evident that at any time of the year winds over Singapore at 40,000 ft.
may exceed 45 kt., and that easterlies greater than 70 kt. may be expected on
1—2 days in each of the months of August and September. At 50,000 ft. an
easterly wind of approaching roo kt. is a possibility in September, and in fact
at 50,000 ft. a wind of 80° 108 kt. was observed on September 13, 1954.
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TABLE V—WIND SPEED EQUALLED OR EXCEEDED
ON 5 PER CENT. OF OCCASIONS

40,000 ft. 50,000 ft.
Max. Max.
Calculated Observed observed |Calculated Observed observed
knots
January ... 43 41 45 75 66 71
February ... . 55 51 58 89 86 88
March e o 45 40 45 55 54 60
April . . 40 38 42 55 51 63
May... 46 41 48 58 53 65
June... 61 51 54 77 77 95
July ... 65 58 62 8o 83 84
August 73 65 71 94 84 102
September ... 71 69 71 98 96 108
October ... e 50 50 54 72 73 77
November ... 45 38 56 78 78 85
December ... . 45 46 47 70 66 78

If the appropriate monthly vector mean wind were to be used as a forecast
of the wind 24 hr. ahead, it is seen from Tables I and II that the standard
vector errors of such forecasts would range from 18 to 34 kt. at 50,000 ft. and
from 13 to 18 kt. at 40,000 ft. Owing to the smaller variability of high-level
winds over Singapore than over Larkhill, it is noteworthy that the errors in
simply giving the vector mean as a forecast are appreciably less than the errors
of actual forecasts of the 30,000-ft. wind over Larkhill prepared at the Central
Forecasting Office, Dunstable for 24—27 hr. ahead. For example, Durst® gives
the standard vector error of 30,000-ft. winds over Larkhill for July 1951
estimated by the best statistical method as 31 kt. and by orthodox forecasting
techniques as 33 kt. For Singapore in the same month the standard error in
using the vector mean would be 24 kt. at 50,000 ft. and 16 kt. at 40,000 ft.

The error in using the actual easterly component as a forecast of the easterly
component 24 hr. later has previously been shown to be less than the error in
using the mean component. It is likely that the latest actual vector wind
would similarly show a lesser error than the vector mean. For Singapore, then,
the evidence strongly suggests that, owing to its characteristically persistent
nature, the latest actual high-level wind used as a forecast is on the average

TABLE VI—EXPECTED FREQUENCY OF LARGE DEPARTURES
FROM THE VECTOR MEAN

40,000 ft. 50,000 ft.
>19 kt. >39 kt. >19 kt. >39 kt.
per cent.
January ... 9 <1 44 4
February ... 25 <1 71 25
March 21 <1 55 10
April 13 <1 37 2
May... 21 <1 30 1
June... 21 <1 55 10
July ... 21 <1 50 5
August 30 <1 53 8
September ... 30 <1 60 13
October ... 17 <1 41 3
November ... 9 <1 41 3
December ... 17 <1 36 5










much more accurate than the best available spot forecasts of 30,000-ft. winds
24 hr. ahead over England.

Conclusion.—Winds at 40,000 ft. and 50,000 ft. over Singapore are in all
months predominantly easterly and remarkably constant; they may exceed
70 kt. and 100 kt. in August and September respectively. Their distribution is
characterized by the values of the statistical parameters given in Tables I and II.

The actual high-level wind over Singapore is likely to be accurate as a
forecast of the wind in 24 hr. more often than the appropriate monthly vector
mean wind; the vector mean in turn is accurate more often than the best
forecasts for 24 hr. ahead for a particular place or route in north-west Europe.

The usual assumption of a circular distribution of upper winds is probably
not valid for the winds at 50,000 ft. over Singapore in certain months.
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PATTERN OF RAINFALL
By R. P. WALDO LEWIS, M.A., M.Sc.

In a recent note! Thomson has discussed, for a number of stations, the
statistical distribution of tabular hours in which specified amounts of rain fell.
If R is the total rainfall during a long period and JV, is the number of hours in
which r mm. or more of rain fell, then it appears that

%:Cxxo"*" N ¢))
If r is given, R/, is approximately constant over the British Isles, even though
R varies considerably, but the figures for Poona differ markedly as might be
expected. In Thomson’s paper values of C and k£ were derived for Valentia
and Poona.

Some additional data have now been tabulated, including six additional
years at Grimsetter (Orkney) and ten years each at the Royal Alfred
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Observatory Mauritius*, the Royal Observatory Batavia, and the Observatory
at Pola, near Trieste (see Tables I and II). Values of C and & have been fitted
to the data for these stations, and also to the data for Leuchars given in Thom-
son’s paper. C and k were also recalculated for Poona, omitting the point for
r = 0-01 in. or more which appeared to be anomalous. These values are
summarized below:

c k
Grimsetter 0-175 1-34
Leuchars 0-26 1°12
Valentia 0-29 1-06
Pola 0°70 072
Mauritius 1:35 0°54
Poona . 1-64 050
Batavia 3-00 0-36

The Grimsetter figures bear out the suggestion made in Thomson’s paper
on the basis of one year’s data that the rainfall pattern there shows a real
difference from that common to most other British stations.

Formula (1) provides an excellent fit for all seven of the widely separated
stations considered, and it seems reasonable to assume that it will describe the
rainfall pattern at most places in the world. It is clear that C varies in some

*The Mauritius figures call for some comment. The graph of log R/N, against vr shows that
the five points for r=0-1 mm. up to r=4 mm. lie on one straight line, that the next four points
up to 7=8 mm. lie on another line of the same slope but slightly reduced intercept on the log
R|N, axis, and that the next four lie on a third line, again with the same slope but a still further
reduced intercept. This suggests that there is some systematic error in the tabulated values
connected with the siphoning of the rain-gauge used (a Beckley pluviograph). Siphoning
taking place after rather less than 5 mm. of rain instead of after exactly 5 mm. would produce
the effect found. Only the points up to r=4-0 mm. have been used for the determination of
C and k.
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way with £, and trial (Fig. 1) shows that 1/C is a linear function of k2. The pairs
of values (k2, 1/C) lie almost perfectly on the line

—é—=3-30k2—-o-24 R )
for all stations except Batavia. The point for Batavia lies above the curve and
suggests that for the small values of £ which obtain in equatorial regions the
values of C are smaller than those given by the formula. However, for £ >o0-5,
formula (2) provides an excellent fit. Using formula (2), for £ > o-5 formula
(1) may be rewritten as

R 10FV7 .

N, ~ 330k* — 0-24

Formula (3) may be used to determine £, and therefore the rainfall pattern
for any suitable station (i.e. such that £ > o-5) without a complete analysis of
hourly values and consequently with a great saving of time and labour. It

seems clear, from the table above, that “suitable stations” are those whose
rainfall is not tropical in character.

Taking common logarithms of formula (3) we see that the intersection of

y=log<3%{) (@)

and y = k y/r — log (k? — 0-073) N )
determines the value of k appropriate to a given value of R/V,, and it is thus
necessary to find R/N, for only one value of 7.

In general, equation (4) intersects equation (5) in two points, for equation (5)
tends to + oo at both £ = o0 and k2 = 0-073, with a minimum at .

k=ky= ’7\7‘7{1 + /(1 + 0'073#2')}’

where p = log.10 = 2-303. £, decreases as r increases. To avoid the
ambiguity of the double intersection, it is desirable to choose r so that &, is
certainly less than the £ we wish to find. So, for non-tropical stations,
kn < 0°6,
which leads to
2 4 min.

It is necessary that the intersection should occur not only on the right-hand
side of the minimum, but well away from it, as otherwise a small error in
R/N, will cause a large error in the estimated £. This means that the larger r is
the better, provided that N, remains large enough to be an accurate estimate.
N, of course diminishes as 7 increases, and so does the labour of finding it.
Using a well known result in sampling theory, the error made in estimating
N, may be expected to be of the order of /N, (see 6.4 in “Handbook of
statistical methods in meteorology”?). Hence the error in log)V, is of order
{log (N, + V/N,) — logM,}or log (1 & 1/4/N,). For N, = 400, the error of
log J, is consequently about 0-02, which is small enough in practice. We may
therefore choose the biggest r consistent with N, remaining not less than
several hundred. For about ten years’ data a value of 7 of 4 or 5§ mm. is usually
satisfactory. For example, R/N, for the four extratroplcal stations considered
above yields the following values of £ and C:
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N, c k

Grimsetter ... 81 017 135
Leuchars ... 202 0-26 112
Valentia ‘630 0-30 1-04
Pola 451 0-66 073

These values should be compared with those given in the previous table. Even
a very small N, at Grimsetter gives a good result.

It should be noted that the only complicated part of the above method —
the plotting of equation (5)

Y =ky/r — log (k? — 0-073)
possibly for more than one value of r—needs to be done only once; the graphs
are then applicable to any rainfall figures.

For further applications of the method the following table of values of
ky/r — log (k® — 0-073) for r = 4 may be useful. It can easily be modified
for r > 4 by adding a term (4/r — 2)k.

k ... 06 07 08 09 10 11 12 13 14 1-5
2k—log (k*—0-073) ... 1-742 1-780 1-846 1-933 2-033 2-144 2-264 2-391 2-524 2-662
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METEOROLOGICAL OFFICE DISCUSSION
Progress in climatological services

The discussion on Monday, October 17, 1955, held at the Royal Society of
Arts was opened by Mr. H. C. Shellard who dealt with the provision of
climatological services by the British Climatology Branch of the Meteorological
Office, with special reference to problems in which progress was being made and
to those which were outstanding.

Mr. Shellard began with a brief survey of the scope of climatological services.
They could be listed under six main headings: agricultural, hydrological,
industrial, medical, legal and educational, and general. It was proposed to
confine attention to medical and industrial climatology, although it was
expected that later speakers in the discussion would refer to recent progress in
hydrological and agricultural services.

Medical climatology was a field in which progress in this country had not
been very conspicuous. Some papers on the relation between weather and
mortality from certain respiratory diseases had appeared in the 1920’s, but
each climatic element, e.g. air temperature, rainfall, relative humidity,
fogginess, was usually treated separately. Interest had recently revived,
chiefly because of the London smog disaster of December 1952, and detailed
information on air temperature, vapour pressure and numbers of hours of
thick and dense fog covering eight years had been supplied to the Statistical
Research Unit of the Medical Research Council who were carrying out a large-
scale investigation in which atmospheric pollution data were also being used.

In medical climatology it seemed especially important if progress was to be
made that there should be close liaison between the medical specialist and the
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climatologist. As an example of such liaison a recent inquiry was described
which came from a doctor carrying out research on the occurrence of
symptoms of respiratory illness, including the common cold, and their relation
to weather factors. He asked for advice on the most suitable index of humidity
to use, but personal discussion established that what he really wanted was some
measure of the rate at which evaporation takes place inside the respiratory
apparatus. It was suggested that a relation might be derived giving this in
terms of quantities measured directly at a meteorological station. Assuming
that exhaled air has a temperature of 95°F. and relative humidity g5 per cent.
this relation reduced to

)
W = 216-77(53-5 — ¢) gm./hr.

where v is the rate at which air is breathed in cubic metres per hour, T is the abso-
lute temperature of the air and ¢ its vapour pressure in millibars. Using values of
T and ¢ from a nearby meteorological station this would apply strictly only to
people out of doors, but it might give a fair approximation to people indoors
if the building was well ventilated and no appreciable evaporation or condensa-
tion was taking place inside it. A temperature change of 10°F. would change
W by only about g per cent., but a similar change in dew point would change W
by about 30 per cent. In London W was about 25 per cent. greater on an
average winter day than on an average summer day, while on the coldest
winter day it was about twice that on the most sultry summer day. The
suggestion was that the greater the drying out of the upper respiratory tract
the greater the susceptibility to infection; this would account for the greater
incidence of respiratory trouble in winter.

Another important aspect of medical climatology was that of advising
people where to live. We could give general advice on local climatic factors,
based on the work of Sir David Brunt! and Dr. C. E. P. Brooks?, but, apart
from a book published as long ago as 1923 by Dr. Edgar Hawkins?, no work
appears to have been done on the types of climate, and hence areas of the
country most suitable for sufferers from various common complaints. This
appeared to be a field in which considerable progress might be achieved by
medical specialists and climatologists working together.

Turning to the subject of industrial climatology a slide (Table I) was shown
which indicates the type of problem in which the industrialist or engineer

TABLE I—CLIMATOLOGICAL SERVICES TO INDUSTRY

Building and Transport and Industrial research
engineering Power supply communications and development
Heating and Consumption of coal, | Roads and railways | Corrosion and
ventilating electricity and gas moulding
Air conditioning Transmission lines, Weather and traffic | Paints, plastics, paper,
insulators etc.
Wind pressure Power from the wind | Telephones, radio, Lubricants, carburettor
etc. icing, etc.
Weathering, frost Hydro-electric power | Inland waterways Marketing
damage, etc.
Driving rain Shipping Storage and packaging
. of food, etc.
Interruptions to build-
ing operations Electronics

14



may seek the assistance of the climatologist. It is based on an analysis of
inquiries received in the British Climatology Branch over the past few years.
Mr. Shellard then dealt with a few specific problems in which progress is
currently being made.

In connexion with requests from heating and air-conditioning engineers
arrangements were made in 1953 to tabulate hourly values of dry-bulb and
wet-bulb temperature at a number of outstations. A good deal of the data
relating to the 10-yr. period 1946-55 had now been received and was being
analysed, though this work was rather laborious. The results had already
proved useful for answering a number of inquiries.

Requests were often received for information about the maximum wind
velocities that are to be expected in various parts of the country. These were
required in order that the greatest wind pressures to which various structures
are likely to be subjected may be calculated and the structures made sufficiently
strong to withstand them. The usual procedure had been to supply information
based on the highest speeds so far recorded at the nearest stations with
anemograph records, adjusting the values as necessary for height above the
ground and obvious differences of exposure. Objections to this were that
the absolute extreme value tends to increase as the length of record increases
(the lengths of anemograph record available vary from less than 10 yr. at
some stations to rather more than 40 yr. at others), and also that it is
statistically unsound to try to estimate a largest possible value without regard
to the time factor. What was required was an estimate of the true probability
of recurrence of extreme values based not on one extreme alone but on all
the values which are available. Such estimates could be obtained by applying
the statistical theory of extreme values which has been developed by E. J.
Gumbel* and others. The theory was being applied to wind data for this
country, and the method was illustrated by slides. The use of a straight line
fitted to the annual extreme values plotted on extreme probability paper to
obtain estimates of the speeds which may be expected to be reached or
exceeded once in 10, 20, 50 or 100 yr. was explained. A map of the British
Isles was shown on which the maximum gust speeds reduced to the standard
height of 33 ft. and corresponding to a return period of 50 yr. were plotted,
and on which tentative isopleths had been drawn. This, it was claimed, gave
a much more satisfactory picture than a map which simply showed the highest
gusts on record, as does the one published in the “Climatological atlas of the
British Isles”. Similar maps could be drawn for mean hourly speeds and for
other return periods as desired, and, provided that interpolation was done
cautiously, it was considered that such maps provided a valuable tool for
dealing with wind-pressure problems.

The requirement for accumulated temperature data, or degree-day data
as they are frequently called, was next discussed. For the study of heating
problems, engineers were interested in monthly values of degree-days below
60°F. for checking fuel consumption month by month, and also in long-period
average values so that requirements in different parts of the country could be
met. The Gas Council published monthly values for 14 stations in Great
Britain, which they computed from daily temperatures provided by the
Meteorological Office. Long-period averages of monthly degree-days below
60°F. could be obtained either by laborious calculation from daily temperatures
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over the required 30-yr. period or by an approximate method using
monthly mean temperature. There were objections to most of the approximate
methods that had been used, but last year two papers had been published by
H. C. S. Thom%® in which he derived by statistical methods a rational
relationship between temperature and degree-days and applied it to obtain
degree-day averages below various bases for selected stations in the United
States. The method used not only the long-period averages of monthly mean
temperature but also the standard deviations of the monthly means. It had
been decided to apply it for the period 1921—50 to stations in this country and
values had so far been computed for a network of 48 stations. The standard
deviations of the monthly means had first been computed, and these had been
plotted on maps, not only to test the values but also because they were of
interest in indicating the variability of temperature in different parts of the
country. The maps for the months of greatest and least temperature variability
in the recent 3o-yr. period, February and May respectively, were shown. The
degree-day averages had next been computed for each station. These could
be presented in tabular form but publication in map form was also required,
e.g. by the Building Research Station. It was found, however, that difficulties
arose when the station values were plotted on maps, mainly owing to the
considerable effects of altitude. The best solution seemed to be to recompute
the degree-day averages for each station after reducing the monthly tempera-
ture averages to sea level by adding 1°F. for each goo ft. of altitude. Maps
could then be drawn more easily. They showed the sea-level distribution and
could be used directly to interpolate averages for places up to about 200 ft.
without serious error. Such a map for the heating season, September to May,
was shown and briefly discussed. A means of estimating reasonably accurate
averages for higher-level places was suggested, utilizing Thom’s result. This
would require maps to read off the monthly mean temperatures and their
standard deviations, and tables, which could be simply prepared, to obtain
the corresponding parameters for use in Thom’s expression for monthly
degree-day averages. The monthly averages so obtained could be totalled to
give seasonal or annual values as required.

Some outstanding problems in industrial climatology were then considered.
It was often difficult for the climatologist to discover what could most usefully
be done in his field to aid economic development, and the close liaison with the
appropriate experts, which was therefore highly desirable, was not always easy
to achieve. In practice a certain amount of guidance was obtained either by
discussions or correspondence with individual inquirers or by contacts with such
bodies as the research stations of the Department of Scientific and Industrial
Research. Recent discussions which had taken place with the Building Research
Station were mentioned, and a slide was shown listing some of the outstanding
problems of the building industry, and of building research, which require
climatological information for their study. This indicated, first, that no real
progress could be expected with some of the problems until the basic data were
made available, e.g. routine measurements of radiation and of soil moisture
were required from a network of stations, and secondly, that even where the
data were available they had not always been processed in the desired form.
This was frequently so where a combined frequency distribution of two or more
elements was required, as in the problem of driving rain. Such problems could
be tackled economically only by using machine methods.
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The possibility of introducing punched-card methods in the Meteorological
Office for dealing with surface land data was then considered. Up to now the
use of punched cards as routine has been confined in this country to marine and
upper air data. A trial has recently been carried out with the aid of the Marine
Branch, and suitable card layouts for both hourly and daily observations have
been devised. The requirements of agricultural and aviation climatology as
well as those of general climatology and hydrology have been borne in mind.
Consideration has also been given to the various ways in which the data might
be got on to the cards in the required form. It was believed that this could
best be done by introducing new climatological forms. These would replace
the forms now used at outstations, and would allow the entries to be made in
such a way that they could be punched directly on to cards by machine
assistants at headquarters. The layout of the proposed forms was described
and it had been agreed that a trial of these would shortly be carried out at
four selected outstations.

Mr. Lawrence mentioned the limitations of estimating long-term averages
from maps of the geographical distribution of an element or of interpolating
them from a network of stations. Though usually satisfactory for rainfall or
sunshine the map method was frequently unsatisfactory for maximum or
minimum temperature which was subject to much local topographical
variation.

In connexion with irrigation average values of potential evapotranspiration
(based on average values of wind, humidity, temperature and sunshine) were
issued by the Agricultural Branch for each county or sub-county at the
beginning of each month of spring and summer, while at the end of each
month a correction was issued based on the actual sunshine recorded. Thus
deviations from average were soon remedied before any serious damage was
done.

In dealing with the siting of orchards the Branch was chiefly concerned
with the frequencies of very low temperature. It was desirable to estimate
the long-term risk before the orchard was established. Because minimum
temperature was an element very much influenced by local topography various
‘“visual” methods had been employed. Marks were allocated for various
aspects of the site topography and a rather crude and subjective assessment
made according to the total marks. Mr. Lawrence then described a technique
for the investigation of frost liability which requires that a short period of
observations be made™8. This method employs the theory of extreme values
developed by Jenkinson?. Results suggested that estimates of rare minimum
temperatures would tend to be too low if the value of ¢,/0, was assumed to be
unity®®, i.e. if the graphs of minimum temperature against y [= — log, log,
(1/P)] was assumed, following Gumbel, to be a straight line. It was found that
0,/05 was normally greater than unity which suggested that minimum tempera-
tures were ‘““bounded”. This was in direct contrast to maximum rainfall for
which ¢,/6, was normally less than unity, suggesting that maximum rainfall
amounts were ‘“unbounded”. This fitted in with the fact that physical argu-
ments for the non-recurrence of very low air temperatures were more convincing
than those for the non-recurrence of very large rainfall amounts. One could feel
more confident in forecasting a long-term absolute minimum temperature than
in forecasting a long-term maximum rainfall amount based on the same length
of record. The curves for maximum flood discharge were also apparently
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“unbounded”, which is what might have been suspected knowing the type of
curve given by rainfall amounts. The curves for flood depth were like those of
minimum temperature although, according to Jenkinson, some flood-depth
curves were almost straight. Mr. Lawrence presumed that these were for areas
which might be called “flood hollows” where owing to local orography, soil
porosity, etc., flood water could rise much more rapidly than elsewhere.

Mr. Lawrence suggested that climatological probabilities might usefully be
modified using current data and knowledge of persistence to form a basis
for long-term forecasts.

Finally he mentioned two investigations in medical climatology which he
had made. The first was a study of the relation between migraine and
atmospheric pressure in the Pembroke area, 1942-43, which suggested a
connexion between intensity of migraine and rate of pressure change. In the
second, annual maximum weekly notifications and total annual notifications of
poliomyelitis were correlated with annual accumulated temperatures above a
base of 60°F. and coefficients of 0-85 and 0-83 respectively obtained. The
odds against these occurring by chance were between 20 and 50 to 1.

Myr. H. H. Lamb said that the World Climatology Branch had to deal with
most of the same types of inquiry as the British Climatology Branch from
persons, industrial firms and government agencies in this country undertaking
commitments abroad. Some engineering firms were engaged upon contracts,
worth many millions of pounds, in which weather was an important controlling
factor. Invalids recommended to health resorts overseas often took the wise
precaution of checking the claims of tourist publicity for the places concerned
against the records at Harrow. A recent inquiry of special interest revealed
the possibly enormous implications of climatic change, and underlined our
responsibility for compiling adequate data on climatic trends. The numbers of
tropical hurricanes in the North Atlantic and tornadoes in the United States
and in Great Britain had markedly increased from a period of minimum in the
early years of this century. Insurance rates, based on an average of six hurri-
canes a year, appropriate enough in 1920, were now proving inadequate; the
British insurance market had paid out £30,000,000 in 1954 alone, a sum greatly
exceeding the planned risk. Variations in the occurrence of ice around Iceland
and in the temperature of the warmest waters of the North Atlantic bore an
obvious relation to the trends in the occurrence of tropical storms and of
tornadoes over the past half century or more.

Myr. Wadsworth introduced the subject of airfield usability in gusty winds.
The use of an airfield was controlled to a certain extent by the wind, for if the
cross-component of the wind on the runway exceeded a certain strength it
became hazardous for an aircraft to land or take off. The effect of a cross-wind
component on an aircraft in flight was to cause drift and a pilot about to land
in a cross-wind had to execute a certain manoevre to counteract the drift,
otherwise on touching down the aircraft would tend to move sideways across the
airfield. A cross-wind also created difficulties in handling an aircraft on the
ground during the landing run, and it was here that the gustiness of the wind,
which would not materially affect the drift during flight, may need to be taken
into account as well. During a gust the speed of the wind increased and the
angle of inclination of the wind to the runway might increase at the same time.
Both factors caused an increase in the component of wind across the runway.
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The maximum cross-wind component to be expected from a wind of speed ¥
blowing at an angle 6 to the runway with a gust ratio (ratio of the maximum
speed in a gust to the mean hourly wind speed) equal to 1 4 A was found to be
V(A + sin 8), and if W was the speed of the greatest cross-wind component that
could be tolerated by an aircraft, then the critical value of the wind speed from
any direction was equal to W/(4 + sin §). When the wind blew along the
axis of the runway (6 = o) this expression became infinite in steady winds
(A = o), but remained finite when gusts were taken into account. The effect
of introducing gust ratios of different magnitudes was exhibited by means of a
wind-rose diagram for London Airport on which were drawn curves indicating
critical wind speeds for cross-wind components of 25 kt. in gusts on the east-west
runway. The gust ratios adopted were 1 :2, 1 : 6 and 1 : 9. The diagram
showed the progressive decrease in the computed usability of the runway as
the gust ratio was increased.

M. Bleasdale supplemented Mr. Shellard’s account of the work in general
climatology by mentioning a few items in which progress was being made on the
hydrological side. Problems of drainage and flooding on a river-basin scale
were the responsibility, in England and Wales, of River Boards set up as a
result of the Act of 1948. The work of these Boards, and Meteorological Office
assistance in that work, was still in a stage of development. There had also
been in recent years a revived interest in the basic problems of storm-water
drainage in urban areas. A special investigation had been started at
Cardington using a network of 16 open-scale rainfall recorders over an area of
about four square miles, which would provide relevant data, and would
probably be of interest in other connexions. In the field of water supply an
important item was the estimation of the inevitable loss which occurs through
evaporation. The Meteorological Office was represented on the Hydrological
Research Group of the Institution of Water Engineers which had arranged
with the Metropolitan Water Board to carry out an investigation at the Board’s
Kempton Park works. The east reservoir of 40 acres, 20 ft. deep, had been set
aside for the purpose, and would not be used for water supply except in an
emergency. The Meteorological Office had lent instruments to be used by the
Board’s staff, whose interested co-operation was much appreciated. Data for
three months were already available but it was too early to begin speaking of
results.

Mr. R. F. M. Hay described some points from the evidence provided by the
Marine Division of the Meteorological Office for the Ministry of Transport
inquiry into the losses of the trawlers Lorella and Roderigo recently. These large
trawlers were both known to have been lost about go miles north-north-east of
North Cape, Iceland on the afternoon of January 26, 1955. There was a
severe north-easterly gale at the time which had persisted through the previous
three days. The loss of both ships was known to have been brought about by a
heavy accumulation of ice upon their hulls and superstructures.

The Court of Inquiry wanted meteorological evidence to establish to what
extent conditions encountered by the two trawlers in the three days before they
were lost were unusual. The Court was also concerned to know the frequency
with which NE. gales, lasting as long as three days in the Denmark Strait,
occurred in association with subfreezing temperatures. Using data provided by
the Icelandic Meteorological Service it had been shown that such prolonged
and severe gales from this direction happened about three times a year, but no
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temperature data were available from these unfrequented waters with which to
provide a complete answer. Trawlers were almost the only vessels plying in
these waters, and until their skippers agreed to make instrumental observations
nothing more could be done.

As regards the ice accumulation, the Court required an explanation of the
physical process, and an indication as to whether this would adequately
explain an accumulation of ice in a period of about 24 hr. sufficient to capsize
the vessels. (There was a skipper who gave evidence that he saw Roderigo at a
distance of about two miles and apparently free of ice about 24 hr. before the
time she capsized.) In reply it was explained that ice accumulation could have
been due to three possible causes: the impact of supercooled fog droplets
(arctic frost smoke) with or without supercooled drizzle or rain, accumulation
of snowfall, and freezing of sea spray upon the hulls and superstructures. A
great deal had been written in the Press about the danger of arctic frost smoke
(“black frost”) in this case. However, it was readily shown that the weight of
ice that could have resulted from this cause was quite inadequate to affect the
stability of these vessels to a serious extent; the same was true for the weight of
snow which could have accumulated though both these factors were likely to
have contributed to a small extent to the disaster.

By making reasonable assumptions about the amount of water thrown up by
each wave breaking over these trawlers, and using estimates of the air and sea
temperatures and wind force which prevailed during the three days preceding
the disaster—made with the help of the working charts from the Central
Forecasting Office, Dunstable—it was shown that a rate of icing of up to
2 tons/hr. was possible, as a result of the spray thrown up by waves breaking
over the ship and freezing before it could run back into the sea. This weight of
ice, which it was estimated could have accumulated in the 24 hr. or more
before the ships capsized, agreed well with the weight of accumulated ice
which an expert witness independently estimated would have been necessary
to cause trawlers of this type to capsize.

My. Page (Building Research Station) claimed to have been mainly res-
ponsible for closer liaison between his Department and the Meteorological
Office over the past year or two. He was working on tropical problems and
was concerned with losses of heat through walls and windows, radiation on
walls and variously orientated surfaces and the use of solar energy. Special
attention needed to be paid to radiation measurements as the present lack of
information was a serious handicap. The Building Research Station took some
observations themselves, but standardization of the instruments was difficult.
He thought that the presentation of data reduced to sea level on maps might lead
to errors, and suggested that it was better to give the station values because
the average user would not bother to apply corrections. In general he felt that
there was a tendency for too much statistical technique and insufficient physical
study. Thus a lot of information could be obtained by a study of conditions
associated with different types of day, i.e. different air masses or synoptic types.

Dr. Robinson taking up the point about lack of radiation data said that
measurements of total and diffuse solar radiation on a horizontal surface were
made at Kew, Eskdalemuir and Lerwick although they were not fully pub-
lished. So far as the British Isles were concerned the Building Research Station
had been supplied with all the radiation and daylight illumination estimates
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which it had requested. It was possible to calculate amounts of radiation
falling on any sloping surface near to the above three stations with reasonable
accuracy. He thought that a closer network of stations was unnecessary because
there was a high correlation between solar radiation and amounts of sunshine
obtained from a Campbell-Stokes recorder, and claimed that present observa-
tions in this country gave solar radiation with sufficient accuracy for any
engineering purpose which had been brought to his notice. There was a
need for standardization, and he would be glad to compare suitable solar
radiation measuring apparatus with the instruments at Kew; the National
Physical Laboratory would probably help too. Dr. Robinson then asked Mr.
Bleasdale why it was necessary to have a close network of recording rain-gauges
at Cardington in view of the fact that it had always been assumed that
variations in space would be similar to those in time.

Mr. Bleasdale replied that Dr. Robinson had supplied the answer when he
said “it had always been assumed”.

Mr. Lacy (Building Research Station) said that in their work he and his
colleagues were becoming increasingly aware of the climatic differences which
occurred between different parts of the country. One result of recent colla-
boration with the Meteorological Office was that a leaflet was being planned
for issue to builders giving details of the meteorological services available to
them. One difficulty that had arisen was that the forecast districts referred to
in the morning broadcasts were different from the regions to which the evening
forecasts referred. At Garston and also at a more severely exposed site near
Glasgow they were trying to estimate the amounts of driving rain on a wall.
They were also interested in how the rain was got rid of and thus needed to
measure the loss by evaporation. For this purpose special types of evaporation
gauges were being developed; these consisted of two vertical plates one kept
wet and the other fairly dry.

Mr. Craddock said that some of the problems of long-range forecasting were
similar to those of the climatologist, and he was concerned with the application
of high-power computing methods for this work. It was not sufficient merely
to get the data on to cards, and he wished to point out some of the snags which
followed. It was necessary to work a great deal harder to programme the
work properly and to deal with the much greater amount of information which
was obtained when machine methods were used. For some purposes it might
be better to have electronic aids to do complicated calculations; thus the
elimination of a climatic trend might be very difficult by punched-card
methods. High-speed computing methods might give 1,000 correlation
coefficients in a day, and it might be difficult to survey all this information.
The punched card seemed to be the best method of storing meteorological
data, some of which were at present available only in relatively inaccessible
publications. Mr. Lamb’s hurricane data raised the important subject of time
series, and there was a need for co-ordination between different branches of
the Office interested in such questions.

Cmdr Franckom mentioned the problem of the care of cargo in ships’ holds.
Difficulties arose from the climate in the crates being different from that in
the hold and from the mixing of hygroscopic and non-hygroscopic substances.
Motor cars were an example. Damage to car upholstery en route to Australia
had been found to be greatest in insulated holds. It was not easy to measure
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humidity in the holds, one reason for this being the different types of ventilation
employed, but instruments had been put aboard some ships. He endorsed the
great value of machine methods for obtaining combined frequencies.

Mr. Facobs welcomed the proposal to introduce machine methods in surface
climatology. He thought that provision ought to be made for duplicate cards
to be punched so that they could be used at regional stations for dealing with
local inquiries.

The Director recalled an experience of his own with punched cards, and
referred to the difficulty of finding storage space for them when they
accumulated in large numbers.

M. Shellard, in reply, said that he could not agree with Mr. Page’s suggestion
that maps showing data reduced to sea level were misleading; he thought
that it was better for the user to have such a map, with clear instructions on
how to adjust interpolated values to site level, than to have one on which
straightforward interpolation might give a value which was seriously in error.
He was glad that Mr. Craddock had pointed out some of the difficulties which
followed the introduction of machine methods and mentioned another one:
the need to punch a backlog of at least ten years’ data before real use could be
made of the installation. In reply to Mr. Jacobs he said that equipment was
available by means of which existing Hollerith cards could rapidly be
duplicated.

The Director, in closing, thanked the opener and the visitors for their contri-
butions, and said that he had found the discussion a fascinating one, perhaps
because the problems discussed were in some ways related to those dealt with
in his own subject of micrometeorology.
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ROYAL METEOROLOGICAL SOCIETY

At a meeting of the Society held on November 16, 1955, the President, Dr. R. C. Sutcliffe, in the
Chair, the following papers were read:—

Malkus, J. S.— The effects of a large island upon the trade-wind air stream*

The undisturbed trade winds consist of a uniform stream of cumulus-laden air filling a moist
layer which gradually deepens down wind; above this the air subsides slowly and is considerably
drier. There is little or no diurnal variation. When this trade-wind air sweeps over an island
(Puerto Rico in the example studied by Dr. Malkus) the general effect is as if a fairly symmetrical
stationary convection cell were imposed on the general wind distribution. Air ascends in the
centre of the island producing large cumulus and even a cumulonimbus and descends over the
neighbouring sea so that the island is surrounded by a cloud-free ring some 50 Km. wide. The

* Quart. J. R. met. Soc., London, Bx, 1955, p. 538.
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convection cell exhibits a diurnal variation, the clear ring shrinking in the late afternoon allowing
the trade-wind cumuli to drift in across the coast. Dr. Malkus’s conclusions were drawn from
four ascents she made in a Catalina aircraft on June 25, 1952, using a psychograph for
temperature and humidity and a water-column accelerometer for turbulence; wind was
measured by double-drift observations and smoke flow; photographs were taken. Additional
irﬁformation was obtained by calculating moisture budgets for the vertical cross-sections between
the ascents.

Among other results it was concluded that the additional heating of the island raised the
cloud heights, particularly over the mountainous centre where the cloud base increased from
2,00Q to 5,000 {t. and top from 5,000 ft. to a cumulonimbus anvil estimated at 30,000 ft. The
subcloud layer, defined where there was no cloud as the region of slight stabilization, decreased
in the clear ring on the windward side of the island to a depth of 1,500 ft. near the coast and
the stability increased 20 times—all as a result of subsidence. Over the plains the cloud base
was extremely variable with a minimum of 3,000 ft.; the lapse rate was superadiabatic up to
1,000 ft. and adiabatic for the next 2,000 ft.; moisture was very irregular.

Mr. Francis described some double-theodolite observations made by himself, Prof. Sheppard
and Mr. Charnock at Anegada, a very small island in the trade-wind belt. Again there appeared
to be a convection cell centred over the island with net convergence in the lower layers.

Pearce, R. P.—The calculation of a sea-breeze circulation in terms of the differential heating across the
coast line*

From the initial conditions of an isothermal and static atmosphere.on both sides of a long
straight coast line, Dr. Pearce calculated the resulting motion as the air is heated convection-
ally by a known amount from the land surface. He made no assumptions other than the
neglect of surface drag, and only approximated where subsequent calculation showed it was
justified. He separated the resulting motion into a rotational non-divergent component near
the coast and a mainly irrotational large-scale tidal motion transferring mass from land to sea.

The equations for the rotational part cannot be linearized, and were solved by numerical
methods at a network of points at progressive intervals of time. The results, presented in the
form of graphs at 8 intervals up to 12-6 hr. from the beginning of heating, gave potential
temperature, a stream function to illustrate the motion in a plan normal to the coast, and
isopleths of the wind component parallel to the coast. The calculated sea-breeze showed a
tongue of cold air coming in from the sea with speed increasing with time. Inland the onset
occurred a few hours after heating commenced. Calculated speeds were too high because of
the neglect of surface drag. The wind began to veer almost from the start, and 126 hr. from the
commencement of heating was almost parallel to the coast (heating was assumed to stop at
6-2 hr. and most of the veering took place after that). Near the coast the drag of the returning
current above maintained the direction normal to the coast much longer.

The tidal motion gives small velocities and small changes of pressure but these are spread
over a continental scale.

Dr. Malkus compared the numerical analysis to relaxation methods and wondered if the
calculation might not be done electronically. Dr. Pearce thought the variations too irregular.
Mr. Bushby suggested that a closer mesh and shorter time intervals would overcome these
difficulties. Dr. Sutcliffe was sorry about the omission of surface friction since, following
Jeflreys, he had always understood the sea-breeze to be a good example of an antitriptic wind.

Smith, R. C.— Theory of air flow over a heated land masst

In this method of calculating air flow the land mass is assumed to consist of an infinite strip
200 Km. wide. Equations are obtained using the symmetry of the flow and then linearized for
solution by neglecting some terms and making other assumptions. The omissions and assump-
tions were subsequently justified by evaluating by another method to obtain the same answer.
The resulting motion besides giving the normal sea-breeze also gave wave-like perturbations
moving outwards from the centre of the land mass and some evidence of subsidence at about
2-Km. height whilst the heating is stiil taking place. Dr. Smith thought this to be caused by a
reaction to over-shooting of the initial lifting.

In the discussion Dr. Davies drew attention to the inconsistency between the first paper with
rising air in the centre of the island and the third paper with some subsidence. Dr. Malkus
pointed out that Puerto Rico was not a flat island and furthermore Dr. Smith had postulated
no initial wind. Dr. Smith said moist adiabatic motion, which he had not considered, would
swamp the subsidence. Mr. Sawyer thought an overall wind current might be important. Dr.
Sutcliffe remarked that with an undisturbed wind from sea to land the sea-breeze might not be
as strong as if the undisturbed wind was from land to sea.

* Quart. J. R. met. Soc., London, 81, 1955, p. 351.
+ Quart. 7. R. met. Soc., London, 81, 1955, p. 382.
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LETTER TO THE EDITOR
Distrail at Laarbruch, Germany

The distrail shown in the photograph opposite was observed just to the south
of Laarbruch at og50 ¢.M.T. on October 20, 1955. It was estimated that
the two darker patches of cloud shown in the photograph just below the
distrail were altocumulus at about 16,000 ft. and the light cloud shown on the
left-hand side of the photograph was altocumulus with a base in the region of
18,000 ft. in the lower parts, but lifting, breaking and becoming cirrocumulus
at about 21,000 ft. towards the top of the photograph.

At the time a depression was centred just off north-east Scotland and was
moving east-north-east, with a cold front from the centre through southern
Norway and along the western seaboard of Denmark and the Low Countries,
with a wave over south-eastern England. There was a moderate south-south-
westerly gradient wind over north-west Germany and the Low Countries.

The cloud in which the distrail occurred was estimated to be in the region
of 18,000 ft., temperature o°F., dew point —8°F.

From the De Bilt 1400 G.M.T. upper air ascent, at 16,500 ft. (535 mb.) the
temperature was +5°F. and the dew point —2°F., at 21,000 ft. (450 mb.) the
temperature was —g°F. and the dew point —18°F., and at 23,500 ft. (400 mb.)
the temperature was —20°F. and the dew point —29°F. Below 16,500 ft. the
difference between the dry-bulb temperature and the dew point increased,
and at 14,000 ft. (600 mb.) the temperature was +17°F. and the dew point
+2°F.

No attempt has been made to give an explanation, as details of the type of
aircraft and throttle setting are not known.

W. H. IRESON AND R. D. CRAMP
Laarbruch, Germany, November 3, 1955

NOTES AND NEWS
Presentation of barographs to ships’ captains

It is customary for the Director of the Meteorological Office to present baro-
graphs each year to the Masters of four British “selected” ships who have done
consistently meteorological work at sea during a period of at least 15 years.
For the year 1955 barographs were awarded to:

Capt. A. B. Fasting, R.D., R.N.R., of the Cunard Company, who has been a
voluntary observer since 1924,

Capt. H. D. Horwood, R.N.R., of the New Zealand Shipping Company,
who has been a voluntary observer since 1923,

Capt. S. W. Keay, O.B.E., of the Canadian Pacific Steamship Company,
who has been a voluntary observer since 1923,

Capt. J. Trayner of the Union Castle Company, who has been a voluntary
observer since 1921.

In recognition of the Centenary of the Meteorological Office and its maritime
origin, it was decided that the ceréemony should take the form of a celebration
and it was accordingly held in the Air Council Room at Whitehall. It was hoped
that the Under Secretary of State for Air could have made the presentation
but at the last minute he was unable to be present. The Director of the

24









Meteorological Office therefore made the presentation himself. Capt. Fasting,
Capt. Horwood and Capt. Trayner had accepted invitations to attend in
person, but unfortunately Capt. Horwood was eventually unable to attend
owing to a severe illness and Capt. Fasting was unavoidably detained on duty.
Capt. Keay was at sea so it was arranged that the presentation would be made
to him on his ship’s return to Liverpool.

Among those who accepted invitations to attend the ceremony in London
(see photographs opposite) were the representatives of the management and the
marine superintendent of the three shipping companies concerned, the Deputy
Master of Trinity House and representatives of the Officers’ Unions. Senior
Officers of the Meteorological Office were also present.

In making the presentations Sir Graham Sutton mentioned that when the
Meteorological Office was born in 1855, under the direction of Admiral
FitzRoy, its primary function was to collect meteorological and ocean-current
observations over the oceans from British ships. At the end of 1855, over 100
voluntary observing ships had been recruited and this voluntary work by the
masters and officers of merchant ships on behalf of the Meteorological Office
had gone on continuously—except for gaps during the two world wars—
throughout this 100 years. At the same time these British voluntary observing
ships play a major part in the wider international scheme in which the
merchant ships of most maritime countries take part. Out of a world total of
about 2,650 observing ships of all types, 570 are British. Sir Graham suggested
that this is a unique example of real international co-operation, which is in
keeping with the traditions of the sea and of the shipping industry.

Sir Graham went on to say that the value of these observations from ships is
very great; it is the only practical way in which information can be obtained
about the meteorology of the oceans. The devastation caused in 1955 by
hurricanes on the American coast and typhoons in the China Sea emphasizes
the value of ships’ observations for safety of life at sea. Similarly they are of
value to most meteorological services not only for day-to-day forecasting, for
the benefit of shipping, aviation, industry, agriculture and the general public,
but also for research and climatological purposes on behalf of many interests.

Sir Graham mentioned the part that meteorology would play in the
activities of the International Geophysical Year of 1957-58 and referred in
particular to the work being done in Antarctica during that year. Here again
observations from ships at sea will form an important part of the programme.

In presenting the barographs Sir Graham congratulated the recipients and
thanked them for their good work, but at the same time he mentioned that these
awards are a token of recognition of the voluntary meteorological work done at
sea by hundreds of ships’ masters and officers and radio officers. He was glad
to have the opportunity of publicly thanking all voluntary observers aboard
British ships, as well as the owners of the ships and their marine superintendents
for the work they do on behalf of world meteorology.

The presentation to Capt. Keay was made aboard his ship The Empress of
France at Liverpool on November 22, 1955, by Mr. S. P. Peters, Deputy
Director of Forecasting. Mr. Peters had the opportunity of meeting some of the
voluntary observing officers and of seeing the instrumental equipment aboard
the ship. He stayed aboard the ship during her passage from the landing stage
to the Gladstone Dock and was able to see numerous ships of the Voluntary
Observing Fleet.
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Retirement of Cmdr C. H. Williams, R.D., R.N.R.

Cmdr C. H. Williams, who has been Port Meteorological Officer in London
since 1930, retired from the Meteorological Office on July 16, 1955. During
his long period of service in the London docks he has recruited and maintained
contact with the masters and officers of an enormous number of voluntary
observing ships. His cheerful, easy manner, coupled with a lot of knowledge
about the subject, enabled him to carry out this job with considerable success.
There is no doubt that Cmdr Williams’s efforts have contributed a lot towards
the number and quality of reports received from British “‘selected’” ships during
recent years.

Cmdr Williams was born in 1892, and began his sea career in 1go8 “the hard
way”” as an apprentice in the four-masted barque Hougomont. In 1913 he
forsook sailing ships and joined the Union Castle Co. as a junior officer. During
the 1914—18 War he served afloat in the Royal Navy, and most of the time he
was in command of anti-submarine trawlers. In 1919 he returned to the
Union Castle Co., and in 1930, having reached the rank of Chief Officer, he
joined the Meteorological Office. He had always been interested in meteorology,
and when a grd Officer in the Union Castle ships he made what is believed to
be the first weather map to be plotted at sea in a merchant ship. In 1940,
owing to the severe bombing which had occurred in London docks and
frequent diversions of shipping, it was decided to close the Port Meteorological
Office in London and Cmdr Williams thereupon volunteered for service with
the Royal Navy. After a period of duty with the Admiralty he was appointed
Commodore of coastal convoys, and he performed that duty in the North Sea
for most of the War. He also took part in the Normandy landings. In 1945 he
resumed his duties as Port Meteorological Officer in London, and in 1954 he
succeeded Cmdr Hennessy as deputy to the Marine Superintendent at Harrow.

Cmdr Williams is a member of the Honourable Company of Master Mariners
and of the Society for Nautical Research. A keen artist, his drawings under the
initials C.H.W. must be familiar to all readers of the Marine Observer.

On his last day of duty his colleagues made him a presentation as a token of
their esteem and affection. We wish him health and happiness in his retirement.

REVIEWS

The meteorology of the Falkland Islands and Dependencies 1944-50. By J. Pepper.
11} in. X9% in., pp. vi+250, lllus., Falkland Islands Dependencies Survey,
London, 1954. Price: 42s.

During the Second World War, 1939—45, it was decided to establish meteoro-
logical stations in the Antarctic within the Falkland Islands Sector. Before the
end of the war three stations, Port Lockroy, Hope Bay and Deception Island
were established and manned by a naval expedition, “Operation Tabarin”.
With the end of hostilities the Falkland Islands Dependencies Survey came into
being and took charge of the stations. During the next five years, 1946-50,
Port Lockroy and Hope Bay were closed, but four new stations at Marguerite
Bay, Argentine Islands, Admiralty Bay and Signy Island were established.
Thus during the period 1944-50 seven fully manned meteorological stations
were in action for periods of varying length; during the four years 1947-50
there were always at least four stations in action at the same time, and in the
year 1948 seven stations were active for practically the whole year.
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All these newly established stations are situated between latitudes 60°S. and
70°S., along the west coast of Graham Land or on the adjacent islands, the
whole forming a long narrow group of observing stations extending from
Signy Island in the South Orkneys (60°43'S. 45°36'W.) to Marguerite Island
(68°11'S. 67°01'W.), the latter base being the only one within the Antarctic
Circle. Outside this tightly packed group of stations, and well away to the
north, two long-established meteorological stations at Port Stanley (51°42'S.
57°52'W.) in the Falkland Islands, and Grytviken (54°16’S. 36°30'W.) in
South Georgia were added, to form the meteorological section of the Falkland
Islands Dependencies Survey.

The programme of work was as far as possible the same at all the stations,
or bases as they are called in the Falkland Island Dependencies Survey, and
included pressure, temperature, wind (direction and force), relative humidity,
cloud (height and amount), sunshine, and ‘““weather”, all taken by the standard
method and instruments of the British Meteorological Service. Pilot-balloon
observations were also taken, but are not included in the book under review.

It was clear that the large amount of meteorological data obtained would be
lost unless the records were published; the Falkland Islands Dependencies
Survey therefore decided in 1950 that the records of the first seven years of the
Survey (1944-50) should be collected, summarized and published. The
Director of the British Meteorological Office, then Sir Nelson Johnson, offered
the facilities of his Office for this work. Dr. J. Pepper of the Climatological
Division at Harrow took charge of the preparation of the tables, and personally
edited the publication which has recently been published by the Meteorological
Service of the Falkland Islands and Dependencies.

The publication is divided into three parts: Part 1—Discussion, Part 2—
Gazetteer and Part 3—Tables. It will be convenient to discuss these in the
reverse order.

Part 3—Tables.—A uniform scheme of tables has been adopted for the
publication of the results of the observations at the individual bases: this
consists of seven tables numbered from I to VII, subdivided (a), (b) etc. as
necessary. This arrangement of tables, with the same numbers and titles, is
used for each base making it easy to extract the corresponding data for the
individual bases. Dr. Pepper appears to have solved his problem satisfactorily;
all the observations have been used; monthly means have been taken whenever
the quantity can be specified numerically, but when it cannot, frequency
tables have been given; these latter are very useful.

There is one point which interests me personally. In 1913, when I began to
work up the meteorological observations of the Scott Antarctic Expedition, I
had to decide what units to use. It was a time of transition; new units, like
millibars, had recently come into use in some countries, and there was a strong
demand for the exclusive use of metric units and international uniformity, but
the British Meteorological Office was still using national units which were not
metrical and certainly not international. For practical reasons I decided to
follow the British method. In comparing the units I used in 1919 with those
used in this up-to-date official publication of 1954 I find the following:

Pressure Temperature Cloud Wind
1919 inches degrees Fahrenheit tenths miles per hour and compass points
1954  millibars degrees Fahrenheit tenths and oktas knots and degrees from north
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Four of the units of these five chief meteorological elements have been changed,
but neither the metric scale nor international uniformity have been attained—
knots and oktas are not metric (decimal) and degrees Fahrenheit are certainly
not international. Thus national use and operational convenience are still
proving too strong for pure science.

Part 2—Gazetteer.—This is a very useful description of the bases prepared
by Mr. G. A. Howkins, Chief Meteorological Officer of the Falkland Islands
Meteorological Service. Again a uniform plan has been used in the description
of the individual bases. A brief history of the base, with references to all known
meteorological records made there previously, is followed by a description of
the general surroundings and site with special reference to features which
affect the observations made there, especially the observations of wind. A
large-scale map with contours is given for each base. As all the bases are
situated on the coast or on off-shore islands of a rugged and mountainous land
these descriptions and maps will be of the utmost value to anyone making use
of the observations.

Part 1—Discussions.—Written by Dr. Pepper, this is a valuable, one might
almost say vital, contribution to the work of the Meteorological Survey, as it
examines the dry bones contained in the tables, sorts them out, articulates them
and clothes them, producing a presentable young member of the family of
polar meteorology. Dr. Pepper begins with a short history of Antarctic
meteorology, then describes the origin of the Falkland Islands Meteorological
Survey and gives details of the formation of the individual bases, particulars of
the observations taken, the instruments used and other technical information
necessary for future users of the published data. Then follows the discussion.
In this Dr. Pepper takes each meteorological element for which data are
contained in the tables, describes in words the numerical information and its
significance and interrelation to the other elements. The meteorological
conditions in the Falkland Islands Sector are compared with corresponding
regions in the Arctic, and a few of the problems which previous investigators
have raised are examined. I do not intend to summarize this discussion; in
the first place it would be impossible in the space available, and in any case the
student of Antarctic meteorology will, or should, go to the original. Sufficient
it is to say that Dr. Pepper’s discussion is able, valuable and quite adequate.

In conclusion I would like to refer to two points which are not meteorological.
One appears at first sight to be very trivial, but I found it irritating. On all
the maps the stations are naturally arranged in a geographical sequence from
north to south; in all the tables in Part I they are also arranged in a geographical
sequence, but from south to north. This is very confusing, especially when
studying the latitude variation of a meteorological element. The other point
is of a different kind, not even scientific, but human nature. We meteorologists
are all grateful to the men who have undergone the difficulties and discomforts
of a year or more in the Antarctic to provide us with meteorological informa-
tion. For each one of these men the experience will be an important episode in
his life and career, whether he remains a meteorologist or not. Therefore I
should have liked to have seen in this account of their work a list of all the
men who manned the bases; it would have served to keep alive friendships
formed in the Antarctic and been a way for the Authorities to say ‘“thank you”.

G. C. SIMPSON
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General atmospheric circulation and weather variations in the Antarctic. By H. H.
Lamb and G. P. Britton. Geogr. J., London, 121, 1955, pp. 334~349-

In this paper Mr. Lamb and Cmdr Britton make an important contribution to
the synoptic meteorology of the Antarctic. Up to the 1930’s it was thought the
Antarctic was occupied by a permanent anticyclone with inflow at high levels
to balance outflow at low levels. The large pressure changes sometimes taking
place were attributed to surges of the anticyclone.

The volume of observations from stations established on the Antarctic
continent and neighbouring islands permanently as on Graham Land, or for
long periods as at Little America, and from whaling vessels have permitted the
drawing of good synoptic charts in recent years. Among these, some of the
most important are those drawn at the Naval Investigational Weather Centre,
Simonstown. The authors find from these charts that although the pressure
distribution is mainly anticyclonic over the continent yet depressions do form
there or move inland from the neighbouring seas. The situation over the
continent is, they show, anticyclonic for 70-go per cent. of the time, with
anticyclones most frequently centred in eastern longitudes.

Particular interest attaches to their study of the observations made on the
high polar plateau about 10,000 ft. above M.s.L. by Shackleton on 34 days in
the summer of 1908-09 and by Amundsen and Scott for 44 and 46 days res-
pectively in the summer of 1911—12. The weather there observed by these
explorers varied from fair to heavy snowfall, and wind from calm to hurricane.
Shackleton experienced winds exceeding force 5 for a third of his period and
Amundsen and Scott for about a fifth of their periods on the polar plateau.
The wind direction varied greatly, and was often southerly showing no
indication of a net inflow of air which is, however, suggested by the direction
of movement of higher clouds. The authors of the paper attribute the winds,
and changes in them, and weather to the passage of depressions and fronts.
The transantarctic expedition now being equipped and the stations to be set
up in the International Geophysical Year will throw more light on the
meteorology of this fascinating area, and may give results of fundamental
importance to the synoptic meteorology of and weather forecasting in the
southern hemisphere.

Wind flow is often explicable from the topography. Mr. Lamb has reversed
the process and has inferred, from the wind flow observed at shore stations and
on ships, the existence of a mountain range or glacier crest over 12,000 ft. high
in the largely unknown eastern region of Antarctica about 80°S. 80°E.

G. A. BULL

OBITUARY

My. Frank Bispham.—It is with deep regret that we learn of the death, on
November 14, of Mr. F. Bispham, Experimental Officer, at the age of 36, as a
result of a motoring accident.

Mr. Bispham joined the Office as an Assistant IIT in March 1939 and was
posted to Shoeburyness. At the end of the year he was transferred to Aberporth
where he remained until 1941. After a short time at Headquarters and a
course at the training school, he was posted in 1942 to an aviation outstation
and from then onwards he was mainly concerned with forecasting for the
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Royal Air Force. He served as a Meteorological Air Observer from 1944 to
1946 and he also served one tour of duty overseas, at Bahrain, from 1950 to
1952. At the time of his death he was serving at Shawbury.

He is survived by a widow and an infant daughter to whom the sympathy of
all who knew him in the office is extended.

METEOROLOGICAL OFFICE NEWS

Acquisition of an electronic computer.—The Director is happy to be able
to announce that authority has been given for the purchase of a digital
electronic computing machine, and for its installation in the Napier Shaw
Research Laboratory, Dunstable. This will allow of a much expanded pro-
gramme of research into numerical methods of weather forecasting based on
hydrodynamical principles, and the computer will also be available for
other complicated problems of meteorology where very heavy numerical
work is involved.

Courses of training for climatological observers.—Two courses, each
lasting four and a half days, were held in October 1955 at the Meteorological
Office Training School, Stanmore, and 38 observers attended. The syllabus
included talks on the exposure and maintenance of instruments, on the making
of observations and on the completion of returns; special attention was given
to the work at crop-weather and health-resort stations and talks were given on
the various applications of climatological data. Visits were made to the
Public Services Branch at Kingsway, and to Harrow where the work of the
British Climatological Branch, the procedure for recording climatological
readings on punched cards in the Marine Branch, and the testing of instruments
were seen and discussed. In addition to giving technical help in the specific
field of observing, these courses give the observers a wider perspective of the
eventual purpose of their work and a sense of unity among themselves. It is
hoped to arrange a similar course in October 1956.

Academic success.—Information has reached us that the following
member of the Staff has been successful in a recent examination:

Intermediate B.Sc. Pure Mathematics: G. A. Unwin.

WEATHER OF NOVEMBER 1955

The pressure pattern of the month departed greatly from normal and there was a notable lack
of zonal progression of travelling systems. The main centre of low pressure over the North
Atlantic was in 50°W. off the coast of Labrador (anomaly — 10 mb. at Goose Bay) and a little
deeper than normal for November; there was an extension of the low-pressure region towards
the Azores, where the mean pressure was also 10 mb. below normal. As the month went on
depressions failed more and more to advance into the eastern Atlantic, and from the 12th
onwards there was a predominance of anticyclones centred over the British Isles and western
Europe. Pressure was 8—9g mb. above normal from Iceland to Scotland. The October low-
pressure region near the Arctic coast of Russia and west Siberia continued into November but
with some southward shift of the lowest pressure and greatest negative pressure anomaly into
north-west Siberia. Pressure was generally above normal in high latitudes (apart from the
sector already mentioned) with maximum anomalies of 4+ 10 to +11 mb. in the regions
north-east Greenland to Spitsbergen and Alaska to the Bering Strait. Below-normal pressures
were widespread south of 45-55°N.

The month was colder than normal over the polar regions (anomalies generally —3° to
—8°C.) and over North America except Quebec and Labrador, where the excess (up to +6°C.)
was attributable to advection of Atlantic air and to more wind than usual. The monthly mean
temperature was as much as 11°C. below normal over a wide area in Alberta and the Canadian
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Rockies. The month was also 3-5°C. colder than average in Finland. Other parts of the
northern hemisphere had only small anomalies, though both western Europe and most of
Siberia were generally milder than usual.

Precipitation was excessive (maxima 300 per cent. of the November average or even more)
in several areas: the central Rockies and western half of Canada as far as the Rockies, from
north-east Greenland to central Norway, in the Azores-Madeira region, Turkey and the
eastern Mediterranean, in south-east Asia and in the Hawaiian Islands.

In the British Isles a complex low-pressure system off or over the west of Ireland maintained
generally mild unsettled weather from the 2nd to the 11th, but during the remainder of the
month, mainly anticyclonic conditions prevailed with cooler, mostly dull, dry weather.

A rather cold sunny day on the 1st was followed by two dull days of widespread rain, which
was heavy locally in the south, as troughs and small secondary depressions crossed the country.
Temperature rose considerably with the rain, exceeding 60°F. in many places and reaching
65°F. at Huddersfield on the 4th. Fog was widespread during the early morning of the 5th and
6th and persisted throughout the day at some places, but there were good sunny periods else-
where, Several houses were damaged by lightning as heavy thunderstorms moved northwards
across the London area soon after midnight on the 5th—6th, and further north, at Whittlesford,
near Cambridge, considerable damage was done by hailstones, 1} in. in diameter, during a
storm soon afterwards during the same night; a second outbreak of thundery rain with scattered
thunderstorms occurred later on the 6th. Depressions and troughs from the region of western
Ireland, moving north-eastward across the country, gave another two days of widespread rain
on the gth and 10th. The next day there was a general rise of pressure over the eastern Atlantic
and the complex low-pressure system, which had been lying off the west of Ireland since the
beginning of the month, moved north-east, and as the southern part of this system crossed the
British Isles there was some occasional rain with scattered thunderstorms. On the 12th an
anticyclone developed to the west of the Hebrides and drifted over Scotland where it remained
until the 15th; weather was cooler and generally rather dull with some slight local drizzle,
principally in the east, though there were some good sunny periods on the 12th and 15th.
During the next four days the anticyclone was centred over England; fog was widespread and
particularly dense in parts of the Midlands and northern England where it persisted throughout
the day in many places from the 17th to the 1g9th; temperature was about normal except in
persistently foggy areas, where for example Manchester had a screen temperature of 22°F.
and Shawbury 24°F. on the night of the 16th~17th. The anticyclone then moved westwards
and was situated in the eastern Atlantic during the next four days, and northerly winds
developed over much of the country. The fog cleared slowly and the weather was mainly
cloudy and dry with only a few fog patches from the 21st. Although there was some slight rain,
particularly in Scotland and eastern England, some places in the west and Midlands had
recorded an absolute drought by the 26th. On the 25th and 26th the highest pressure was
transferred eastward across the southern part of the British Isles into western Europe; westerly
winds in the north brought prolonged rain and drizzle to parts of northern Scotland, Orkney
and Shetland. A mild south-westerly air stream became established over most of the country
by the end of the month; fairly widespread and locally dense fog formed over England during
the night of the 2gth—30th and persisted in parts of London and the Home Counties throughout
the following day.

Sunshine was above the average in most districts except in parts of eastern England, and the
month was mild and also dry since for most of the country there was little rain after the 1oth.
These relatively mild, dry conditions have enabled cattle to continue feeding on grass, which
has been abundant for the time of the year, thus conserving winter fodder supplies. Throughout
the month weather has been favourable to farmers for autumn cultivation and sowing. Over
England and Wales this has been the fifth consecutive month with rainfall below the average,
and so far 1955 has been the driest year in Scotland since records began in 1869.

The general character of the weather is shown by the following provisional figures.

AIR TEMPERATURE RAINFALL SUNSHINE
Difference No. of
from Per- days Per-
Highest | Lowest | average centage | difference | centage
daily of from of
mean average average average
°F. °F. °F. % %
England and Wales ... 65 16 +1-2 71 —6 96
Scotland 62 19 +2-8 48 -5 95
Northern Ireland 58 25 4+2-6 64 -6 73

31



RAINFALL OF NOVEMBER 1955

Great Britain and Northern Ireland

Per Per

County Station In. | cent. | County Station In, |cent
of Av. of Av.

London Camden Square 0-57 | 24 | Glam. Cardiff, Penylan 4°47 | 110
Kent Dover ... 1-31 41 | Pemb. Tenby " 327 75
» Edenbridge, Falconhurst | 1-2 5 | 35 | Radnor Tyrmynydd .. 4°99 | 75
Sussex Compton, Compton Ho. | 2-82 74 | Mont. Lake Vyrnwy ... 374 | 65
’ Worthing, Beach Ho.Pk. | 1-09 34 | Mer. Blaenau Festiniog 3:35 31
Hants. St. Catherine’s L’thouse | 1-72 | 56| ,, Aberdovey 2-17 | 48
’ Southampton (East Pk.) | 2-77 | 88 | Carn. Llandudno . 1'59 | 55
s South Farnborough 2-40 | go | Angl. Llanerchymedd 1°64 | 39
Herts. Harpenden, Rothamsted | 1-95 74 | 1. Man Douglas, Borough Cem. | 2- 39 | 51
Bucks. Slough, Upton ... 2:39 | 108 | Wigtown | Newton Stewart 353 71
Oxford Oxford, Radcliffe .| 1-39 | 60 | Dumf. Dumfries, Crichton R. 1|2 71 74
Nhants. Wellmgboro Swanspool 1:30| 60| , Eskdalemuir Obsy. 1'go| 33
Essex Southend, W. W. .. | 0-56 | 25} Roxb. Crailing... 110 | 46
Suffolk Felixstowe 0:61 | 30 | Peebles Stobo Castle 1-68 | 51
» Lowestoft Sec. School . 0-59 | 25 | Berwick | Marchmont House ... | 1-63 | 54
” Bury St. Ed., Westley H. | o- 79 | 34 | E. Loth. | North Berwick Gas Wks. | 0:85 | 38
Norfolk Sandrmgham Ho. Gdns. | 1-27 | 51 | Midl’n. | Edinburgh, Blackf’d. H. | 0-75 | 33
Wilts. Aldbourne . 2-12 | 69 | Lanark Hamilton W. W, T’nhill | 1-76 | 49
Dorset Creech Grange... 3-09 { 75 | Ar Prestwick o | 1-81 56
’ Beaminster, East St. 568 | 143 | Glen Afton, Ayr San. ... 3-93 71
Devon Teignmouth, Den Gdns. | 4-04 | 126 | Renfrew | Greenock, Prospect Hill | 3-01 50
» Ilfracombe . . 3+00 76 | Bute Rothesay, Ardencraig ... | 3-00 | §9
» Princetown .. 9-49 | 107 | Argyll Morven, Drimnin 2:99 | 44
Cornwall | Bude, School House 2:04 | 57| » Poltalloch 175 31
» Penzance 2:36 | 52| Inveraray Castle 417 49

5 St. Austell . ... 1383 781 Islay, Eallabus.. 2-77 1 51

. Scilly, Tresco Abbey . | 2714 62 Tiree ... 1-78 | 37
Somerset | Taunton . ... | 3-61 | 133 | Kinross Loch Leven Sluice 1-47 | 41
Glos. Cirencester . 3-31 | 107 | Fife Leuchars Airfield 1-27 | 56
Salop Church Stretton 3-88 | 125 | Perth Loch Dhu 5-05 | 58
s Shrewsbury, Monkmore | 1- 38| 61| ,, Crieff, Strathearn Hyd 2:26 | 52
Wores. Malvern, Free Library... | 3-66 | 145 | ,, Pltlochry, Fincastle 2:15 | 58
Warwick Birmingham, Edgbaston 2-89 | 110 | Angus Montrose, Sunnyside ... | 2:-20 | 83
Leics. Thornton Reservoir 1-86 | 82 | Aberd. Braemar 154 | 40
Lincs. Boston, Skirbeck . 1°24 62| ,, Dyece, Cralbstone ... 1 2-58 79
. Skegness, Marine Gdns. | 1- 191 55| » New Deer School House | 1-62 48
Notts. Mansfield, Carr Bank . 2-24 | 92 | Moray Gordon Castle . ..10'85| 30
Derby Buxton, Terrace Slopcs 3-08 | 66 | Nairn Nairn, Achareidh 0-55 | 24
Ches. Bidston Observatory 1-29 | 52 | Inverness | Loch Ness, Garthbeg ... | 1-18 | 28
» Manchester, Ringway... { 1°53 | 59| Glenquoich ... .
Lancs. Stonyhurst College 1°74 | 39| Fort William, Teviot ... | 2-62 32
” Squires Gate ... 1-72 1 52| o Skye, Broadford 2-52 | 29
Yorks. Wakefield, Clarence Pk. | 1 63| 771 Skye, Duntuilm 339 | 57
» Hull, Pearson Park ... 0-85 | 39| R &C. | Tain, Mayfield... ... | 116 | 39
» Felixkirk, Mt. St. John... | 2:63 | 107 | Inverbroom, Glackour... | 1:99 | 32
' York Museum ... .| 1799 95| Achnashellach ... 3-52 41
» Scarborough 1-18 | 48 | Suth. Lochinver, Bank Ho. 2°73 | 54
» Middlesbrough... 1-77 | 83 | Caith. Wick Airfield ... 2-31 74
» Baldersdale, Hury Res. 2-03 56 | Shetland | Lerwick Observatory . 2:26 | 53
Norl’d. Newcastle, Leazes Pk.. 1-51 64 | Ferm. Crom Castle ... .. 1323 | 93
» Be]lingham, High Green | 1- 53 | 45 | Armagh | Armagh Observatory 2:09 | 74
» Lilburn Tower Gdns. ... | 1-80 | 54 | Down Seaforde .| 352 93
Cumb Geltsdale . 1-38 | 42 | Antrim Aldergrove Airfield ... | 1-B1 56
» Keswick, High Hill 2-20( 39| , Ballymena, Harryville... | 2:17 | 54
» Ravcnglass, The Grove | 2:75 | 61 | L'derry Garvagh, Moneydig 217 | 55
Mon. A’gavenny, Plas Derwen | 6-47 | 155 | ,, Londonderry, Creggan | 1-40 | 34
Glam. Ystalyfera, Wern House | 5-27 | 80 | Tyrone Omagh, Edenfel ... | 2-11 56
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INTERNATIONAL GEOPHYSICAL YEAR
By H. W. L. ABSALOM

The normal good international co-operation in astronomy and the sciences of
the earth and its atmosphere is enhanced and sharpened by the preparations
in progress for the International Geophysical Year, July 1, 1957 to December 31,
1958. During that period some 40 nations acting in concert will engage in an
agreed, extended, intensified world-wide programme of concurrent measure-
ments and observations directed to the investigation of selected problems, in
the different sciences concerned, which call for maximum practicable
international effort widely based. In earlier international years, 1882-83 and
1932—33, attention was specially given to observations in the north-polar
regions, whereas the International Geophysical Year programmes, more
comprehensive in character, are concerned with all latitudes—so far as
resources permit—and indeed place special emphasis on the tropical regions
as well as on areas from which systematic geophysical data are not normally
obtained. The improvement in techniques of observations in recent decades,
especially in ionospheric physics and aerology, and the increased—if still
incomplete—understanding of many problems make peculiarly desirable a
major general effort only 25 years after the last international year. Moreover,
1957-58 is at or near the next maximum in the sun-spot cycle, whereas 1932-33
was at a minimum, and is therefore of special interest in studies of solar activity,
the ionosphere, aurora and geomagnetism.

This notable undertaking is sponsored by the International Council of
Scientific Unions which has appointed a Special Committee for the
International Geophysical Year consisting of representatives of the inter-
national organizations concerned. This Committee has Prof. S. Chapman as
Chairman and Prof. M. Nicolet as Secretary-General, and includes Dr.
W. J. G. Beynon, Sir Harold Spencer Jones and Mr. J. M. Wordie of the
United Kingdom. In the last three years the Special Committee, with the
assistance of national proposals and recommendations from international
scientific organizations, has developed International Geophysical Year
programmes of work in meteorology, geomagnetism, aurora and air glow,
ionospheric physics, solar activity, cosmic rays, the determination of longitudes
and latitudes, glaciology, oceanography, seismology, gravity, and the
exploration of the high atmosphere by rockets. Throughout, the aim is to
concentrate effort on main problems. It is for participating nations to comply
as fully as practicable with the recommendations of the Special Committee.
In most of the countries concerned a special committee has been set up to
initiate and co-ordinate their national activities during the International
Geophysical Year both within and outside their national boundaries. The



British Royal Society Committee, with Mr. J. M. Wordie as Chairman,
includes Sir Graham Sutton and Dr. J. M. Stagg as national correspondents
for meteorology and geomagnetism respectively.

In addition to establishing in considerable detail the programmes of work,
subject by subject, to be undertaken, the Special Committee has recommended
on the distribution of observing stations, and in particular as to the setting up of
special stations in places from which observations are needed to provide
adequate general coverage, e.g. on ocean islands, in the tropics and subtropics
including desert areas, in the Arctic and Antarcticc. Two other measures,
designed to ensure maximum use of the facilities made available during
the International Geophysical Year and of the information obtained, may be
mentioned. A plan has been made for World Days of different categories on
which there shall be special concentration of effort in the appropriate
disciplines. Three or four days each month are specified as Regular World
Days; they include days at new moon and quarter moon, days with enhanced
meteoric activity, and solar eclipses. Special World Days or Intervals will be
announced when, from solar or other indications, a period of solar and
geophysical disturbance is expected. World Meteorological Intervals are
specified 10-day periods at each equinox and solstice, starting in June 1957.
The other and very important measure of co-ordination relates to the form of
presentation, exchange and publication of data, and envisages main collecting
centres for information obtained during the International Geophysical Year.

In regard to the scientific programmes, it is natural in this article to restrict
attention mainly to meteorology, though in doing so it is not implied that
meteorologists are not conscious of the interrelations between their science,
oceanography and glaciology, and that the increase in knowledge of atmospheric
motions and other characteristics above 50 Km. by the use of radio and rockets
is of no meteorological interest. Reference may be made to articles by Prof. S.
Chapman!? for a survey of the whole field, and (until a later publication is
available) to the International Union of Geodesy and Geophysics News Letters
No. g and No. 11 for more detail on the several subject programmes.

Meteorology.—The Special Committee’s plan for meteorology was largely
determined by the World Meteorological Organization and the International
Association of Meteorology. Briefly stated, the prime objective is the investiga-
tion of the large-scale physical, dynamical and thermodynamical processes of
the general circulation of the atmosphere the world over. To this end it is
proposed that the network of upper air observing stations shall be suitably
improved to permit the preparation of aerological cross-sections along the
whole or specified major portions of the meridians 10°E., 30°E. (from 30°N.
to 30°S.), 75°E., 110°E., 140°E., 180°, 80°W. (north pole to 20°S.) and 70°W.
(20°S. to the south pole), 20°W., and also along 5°S., the equator, 5°N., 15°N.,
40°N. in North America and a parallel through the Andes. It is recommended,
firstly, that all upper air stations (not only those for the vertical sections) shall
make two radio-sonde and four radar-wind soundings daily, with an increase
to four combined temperature-wind soundings on the 10 consecutive days of
the seven World Meteorological Intervals; and secondly, that soundings
should attain the 50-mb. level on each day, and that every effort be made to
attain the 10-mb. level especially in the tropics and in the four daily ascents on
World Meteorological Interval days. Moreover, it is suggested that the World
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Meteorological Intervals at the equinoxes shall be extended, as may be necessary,
so that the soundings to high levels may cover the occurrence of the directional
change in the zonal circulation in the stratosphere at those seasons.

As the thermal economy of the atmosphere is an important item in the
central problem of the general circulation there is need for additional stations,
preferably aerological stations, to carry out systematic measurements of solar,
atmospheric and terrestrial radiation. It is suggested that astronomical
observatories shall determine the earth’s albedo (and so the total solar energy
absorbed by the earth and its atmosphere) by using Danjon’s method of
observing the earth radiation reflected from the moon. A further requirement
is for measurements of atmospheric ozone to be made at certain stations on
selected meridians, at points near subtropical anticyclones between 15° and
40°N. and ncar the subtropical jet stream. Among the subjects of other
recommendations are networks of nephoscope observations in areas where
upper wind measurements by balloon are impracticable or scarce, accurate
measurement of humidity in aerological soundings, good observations of cloud
(especially at sea), the importance of upper air observations on ocean islands
and whaling or other ships, and representative measurements of temperature at
depths below the earth’s surface, at the surface, and at heights near the surface.

Participation by the United Kingdom.—The Meteorological Office
operates aerological stations at the four ocean weather stations (shared with
other countries) A, I, J and K, at 15 stations in the United Kingdom,
Mediterranean and Middle East (Lerwick, Stornoway, Leuchars, Aldergrove,
Liverpool, Hemsby, Crawley, Camborne, Gibraltar, Malta, Benina, Cyprus,
Aden, Bahrain, Habbaniya), and at Stanley (Falkland Islands). The ocean
weather stations I, J and K qualify for the 20°W. vertical section, Malta
qualifies for the 10°E. and Aden for the 15°N. zonal sections. At almost all
these stations two radio-sonde and either two or four radar-wind soundings
are made as daily routine. It is intended on ordinary days in the International
Geophysical Year to make the normal number of soundings, but that in one
of the combined temperature-wind ascents daily a large balloon (perhaps
1,250 gm.) shall be used to attain greater height, and on World Meteorological
Interval days to make four combined temperature-wind ascents with large
balloons at the three 20°W. ocean weather stations and at three well
distributed stations in the United Kingdom, and also to increase the radar-wind
ascents (with large balloons) to four daily at stations in the Mediterranean and
Middle East.

The current programmes in radiation will be maintained at Kew
Observatory, Cambridge, Aberporth, and Eskdalemuir and Lerwick Observa-
tories. Each of these stations will therefore obtain during the International
Geophysical Year continuous records of the total and diffuse radiation received
on a horizontal surface, while in addition Kew will record the solar intensity
normal to the beam, daylight illumination, the vertical flux of total radiation
near the ground, and perhaps solar-infra-red radiation. Arrangements are
being made to record solar radiation on a horizontal surface and also the
vertical flux of total radiation near the earth’s surface at Malta, Aden and
Port Stanley (Falkland Islands); it is hoped that the vertical-flux measurements
at Malta will be made over the sea. A recent study by G. D. Robinson?
indicates that the international plan for radiation measurements during the
International Geophysical Year if carried out with care should make a
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considerable contribution to the more general meteorological problem, though
measurements of the flux of radiation at all attainable heights in the atmosphere
are greatly to be desired. It is proposed that the Meteorological Research
Flight, in collaboration with Kew, shall measure the flux of long-wave radiation
and the albedo of the earth’s surface and of cloud at heights up to about 16 Km.
over southern England.

In the United Kingdom, measurements of the total amount of atmospheric
ozone, using the Dobson spectro-photometer, will be made as at present at the
Ozone Commission Centre at Oxford by Prof. G. M. B. Dobson and Sir
Charles Normand and at the Meteorological Office upper air stations at
Lerwick, Aldergrove, and Camborne. It is hoped that further determinations
of the ozone concentration (using a chemical absorption method), together
with simultaneous readings of air temperature and humidity, will be made by
the Meteorological Research Flight to heights of about 16 Km. To assist the
investigation of relationships between ozone amount, the subtropical jet
stream, and the occurrence of the double tropopause structure of the atmos-
phere, it is intended to make ozone measurements at two of the upper air
stations maintained at Aden, Bahrain and Habbaniya.

The British sferics network—Leuchars, Irvinestown, Hemsby and Cam-
borne—linked to the Central Forecasting Office, Dunstable, meets several of
the international recommendations on the location of thunderstorms by radio
direction-finding.

It is scarcely necessary to emphasize that meteorology will be by no means
the only field of United Kingdom participation in the International
Geophysical Year. Indeed, a significant part is to be taken in the programme
of the other subjects.

The usual geomagnetic measurements obtained at the Eskdalemuir and
Lerwick Observatories of the Meteorological Office and the Abinger and
Hartland Point Observatories of the Royal Greenwich Observatory will
contribute to the basis of the international programme in this field. It is
intended to operate magnetic recording equipment at two points about
10-15 miles west and north of Lerwick to determine the horizontal space-
gradients in the earth’s magnetic field in that locality; it is hoped that these
and similar measurements at other stations in the auroral region will contribute
to knowledge of the intense electric-current systems located at heights of
100 Km. or more. An auroral survey organized by Mr. J. Paton, University of
Edinburgh, has operated for some years. In addition, photographic and
spectrographic studies of aurora will be made in Scotland by members of the
Universities of Edinburgh and St. Andrews, and air glow will be investigated
in Northern Ireland in conjunction with members of Queen’s University,
Belfast. Radio echo recording of aurora, not confined to darkness, will be
undertaken at the Jodrell Bank radio astronomical station (University of
Manchester). A widespread programme of ionospheric measurements and
investigations will be operated by the Radio Research Organization of the
Department of Scientific and Industrial Research in the United Kingdom,
Falkland Islands, Singapore, and at Ibadan, British West Africa (with the Uni-
versity College) ; also by the University of Edinburgh, Jodrell Bank, Cavendish
Laboratory, University College of Swansea and, it is understood, colleges in
east and west Africa. Programmes in various aspects of solar activity will be
carried out by the Royal Observatory at Edinburgh, the Cavendish Laboratory,

36



Jodrell Bank, the Royal Greenwich Observatory, and the Royal Observatory
at the Cape of Good Hope. Cosmic-ray measurements will be made by the
Royal Greenwich Observatory, Imperial College (London), University of
Bristol and Makerere College (British East Africa). Preparations are being made
for work in glaciology and oceanography. At the time of writing it is too early
to say whether British rocket flights to explore the high atmosphere will be
made to supplement the series planned by the United States and France.

Arrangements for the International Geophysical Year corresponding to those
outlined above are being made by other members of the British Common-
wealth, in varying degree according to circumstances. Few of the recommended
aerological meridians and parallels listed earlier are everywhere remote from
Commonwealth territory. It is to be regretted that other Commonwealth
commitments will preclude the setting up of special stations on certain isolated
islands in the southern hemisphere from which upper air observations would
be very valuable.

Polar regions.—In the past 20 years or so there has been a marked increase
in the number of places in the Arctic regions at which meteorological and
other geophysical observations are made. Nevertheless, countries bordering or
otherwise interested in these regions are preparing to amplify the current
programmes, and where practicable to establish additional special stations
during the International Geophysical Year.

Probably the most striking feature in the preparations for the International
Geophysical Year is the effort being made to develop a good geophysical
coverage in the Antarctic. Apart from the permanent British bases in the
Falkland Islands Dependencies and bases occupied by Argentina and Chile in
that territory, some 20 special geophysical stations, reasonably well distributed,
are to be operated on and in the vicinity of the main Antarctic mass by the
United Kingdom, Australia, New Zealand, France, Norway, United States,
U.S.S.R., Japan and possibly Belgium and Spain. Six stations are planned by
the United States (one at the South Pole), three by the U.S.S.R. (probably
one at the geomagnetic pole), two by Australia, possibly two by New Zealand,
and two by France. An Antarctic Weather Central is to be set up at the main
American base in the Ross Sea area for the collection of weather reports from
Antarctic stations and neighbouring areas, and the dissemination of reports,
analyses and other information. Arrangements for codes and communications
are under active discussion between the United States Weather Bureau, the
World Meteorological Organization and the countries immediately concerned.

The United Kingdom contribution in the First and Second International
Polar Years of an expedition to Fort Rae, north-west Canada, with a party for
ionospheric studies at Tromse in 1932-33, is to be followed by a British (Royal
Society) International Geophysical Year expedition to Coats Land (%5°36’S.
26°45'W.) in the Weddell Sea to undertake programmes in meteorology, geo-
magnetism, aurora, ionospheric measurements, glaciology, seismology and,
possibly, gravity. The meteorological work will include two radio-sonde and
probably radar-wind ascents daily, measurements of atmospheric ozone and the
recording of solar radiation on a horizontal surface and of the vertical flux of
total radiation. Regular measurements of the components of the earth’s
magnetic field will be made and continuous photographic records of variations
in the geomagnetic field maintained. This base is situated in or very near to the
zone of maximum auroral frequency, and the auroral, geomagnetic and ionos-
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pheric observations obtained at the station will be of special interest. As is
generally known, an advance party of the Royal Society expedition left England
for the Weddell Sea in November 1955 to establish the base and to initiate a
limited scientific programme of surface meteorological observations, solar
radiation and ozone measurements, photographic and visual observations of
aurora, ionospheric noise measurements and human physiology. Mr. D. W. S,
Limbert of the Meteorological Office is a member of the advance party. The
main party, about 18 strong and including five members to deal primarily with
meteorology and geomagnetism, will arrive at Coats Land early in 1957 to
carry out the extended programme until the end of 1958.

A valuable additional contribution to meteorological knowledge of the
Weddell Sea area is expected from the Commonwealth Transantarctic
Expedition, led by Dr. V. E. Fuchs. The advance party of this expedition,
which also left England in November 1955, plan to carry out surface meteoro-
logical observations, radiation measurements and daily radio-sonde ascents at
their main base—to be known as ‘“Shackleton”—from as early as possible in
1956 until 1957. Mr. R. H. A. Stewart, formerly of the Meteorological Office,
and Mr. P. H. Jeffries, a present member of the staff, are included in this
advance party.

At the Argentine Islands base (65°S. 64°W.) of the Falkland Islands
Dependencies Survey, the newly inaugurated long-term programme of
radio-sonde soundings, and in radiation ozone and geomagnetism, will yield
valuable results for International Geophysical Year purposes.
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AN UNUSUALLY SMOOTH WAVE PATTERN IN A CONDENSATION
TRAIL

By W. G. HARPER, M.Sc.

An unusually smooth wave pattern was seen in a condensation trail from East
Hill near Dunstable just before sunset on March 10, 1955. When the wave
pattern was first seen at 1755 G.M.T., about a minute after the passage of the
aircraft, the waves were almost uniform in amplitude, but at 1758, when the
sketch (Fig. 1) was made, their amplitude showed a definite decrease towards
the north-east, the direction in which the aircraft was flying. Waves were
not formed outside this zone.

The aircraft was picked up on the East Hill height-range radar, which gave
its height as 37,000 ft., track 40° and ground speed 310 kt. The trail itself gave
no radar echo. This radar height, and elevation and azimuth measurements
made with an 8-in. protractor as an alidade, located the wave pattern in
space and gave a value for the wave-length of 14 miles. The waves were still
visible at 1805 G.m.T. but by then had almost dissipated and were in sunset
shadow.

Synoptic situation.—An anticyclone of central pressure 1032 mb. was
stationary over the British Isles with its centre over southern Scotland, giving
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FIG. I—CONDENSATION-TRAIL PATTERN AS SEEN OBLIQUELY FROM THE GROUND
1758 G.m.1., March 10, 1955

clear skies and cold NE. winds over England. Upper air soundings at Hemsby
must on this occasion have been closely representative of conditions along the
track of the aircraft. The 1400 G.M.T. temperature sounding (Fig. 2) shows an
isothermal layer from 5,000 to g,000 ft. The tropopause at 35,700 ft. places
the aircraft just in the stratosphere. The upper winds, also given in Fig. 2,
were north-easterly at all levels up to 50,000 ft. It can be seen that the trail
was formed in a region of considerable wind shear in the vertical above a
north-easterly jet stream centred at the 32,000-ft. level. The wind at 37,000 ft.
was 50° 70 kt.

Cause of wave pattern.—If the wave pattern had been moving with the
70-kt. wind it would have changed in azimuth by more than 20" in the period
in which it was observed. This would have been detected readily even though
the pattern was not watched continuously, and certainly did not occur. This
excludes the possibility that the waves were due to aerobatic motion or to
perturbations in the wind field moving with the wind.
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FIG. 2—UPPER AIR SOUNDINGS, HEMSBY, 1400 G.M.T., MARCH 10, 1955
The values of Scorer’s parameter 2 are given on the left-hand side.
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There is no certainty that the waves were not due to some sort of horizontal
wind shear or formed at an interface between two fluids, but there is some
evidence to suggest that they were of standing-wave origin.

Standing waves.—There is increasing evidence that orographic standing-
wave effects can occur at considerable heights. They are quite readily
demonstrable in the upper troposphere as orographic cirrus. Ludlam! has
studied orographic cirrus which formed at levels around 30,000 ft. to leeward
of the ridges of the Cotswolds and Chilterns, but in the present case the aircraft
track was not across the main ridge of the Chilterns, but parallel to it and a
short distance to the south-east. It did however cross a well defined spur of the
Chilterns rising to 500 ft. above mean sea level which has an obstruction height
of goo ft. (Fig. 3). If orographic cirrus can be formed by the 500-600-ft.
obstruction of the Chilterns it cannot be ruled out that in favourable conditions
orographic effects from an obstruction of oo ft. could extend to 37,000 ft.

Aircraft
N N 2
A
]
A
: 37,(IDOOFI‘.
1
]
E «—Wind :
Fr. :
500} |
1
MS.L / ./ { %%
[e) 2 4 6 8 ] 1e) 12 14 miles
Mentmore A5 Toddington Flitwick

FIG. 3—SURFACE CONTOURS IN RELATION TO WAVE PATTERN

The wave pattern, the height of aircraft and the ground contours are not drawn on the same
vertical scale.

Corby? quotes the wave-length of hill and ridge waves in Great Britain as being
commonly in the range 1—10 miles, and has summarized a study by Turner of
aircraft reports of standing waves which indicates that increase of wind with
height in the lower layers of the air stream and the presence of a deep
1sothermal layer are very favourable for their development. These conditions
can be seen to be present on March 1o (Fig. 2). It is also of interest to consider
the profile of the parameter /2 which Scorer? has shown to be significant in the
occurrence of standing waves; {2 is seen to have a broad maximum between
4,000 and 8,000 ft. In this the amplitude of standing waves should be a
maximum, but it should be noted that a subsidiary maximum occurs at
37,000 ft.

In most standing waves the amplitude decreases down wind, and some
explanation is desirable for the decrease in amplitude of the wave pattern up
wind between 1755 and 1758 c.m.T.

A straight-line condensation trail moving with the wind into a standing-wave
zone will of course take up the standing-wave stream-line; but a condensation
trail formed in a standing-wave zone will not. Not only is a wave motion
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imposed on the aircraft itself by the standing waves but each element of the
condensation trail is formed in a different stream-line and will move with the
wind along that particular stream-line. The effect can be conveniently shown
graphically if the standing-wave stream-line is assumed to be sinusoidal and of
uniform amplitude, and the horizontal component of the wind equal to the
free-air wind speed at every point. Taking wind speed as 75 kt., and ground
speed 300 kt., an aircraft heading into wind will traverse one wave-length of
the standing wave in exactly 16 sec. for wave-length 1-53 miles. These values
are convenient and close to those measured. If the mean horizontal speed of
the air in the wave is U, the amplitude (maximum departure from the mean
position) of wave-motion 4, and wave-length L, the vertical component of air
motion in a standing wave of form z = a sin (2nx/L) is (2maU/L) cos (2nx/L).

A
P
W
__ﬁ (__
Ground speed 300kt Wind speed 75kt
|
40sec. 32 24 16 8 @)
Time interval since passage of aircraft
Standing wave  —<—- Track of individual condensation-trail element

——— Aircraft track Resulting condensation-rrail pattern wirh aircraft atP

FIG. 4—GRAPHICAL CONSTRUCTION OF CONDENSATION-TRAIL PATTERN

If the attitude of the aircraft relative to the air is unchanged the aircraft will
have this vertical component of air motion imparted to it at every point. For
an aircraft flying up wind with airspeed ¥ we find, on combining the ground
speed — V + U with the vertical component of air motion, that the trajectory
of the aircraft is given by
al | onx
i=—ppsin T

The track of the aircraft is thus sinusoidal 180° out of phase with the air motion,
and for the numerical values of U and ¥V chosen its amplitude is one quarter
the amplitude of the standing waves.

In Fig. 4 WWW . .. is the standing-wave stream-line, and JIH ... the
resulting aircraft track. When the aircraft is at P the condensation-trail
element formed 16 sec. earlier at E will have been lifted on the standing wave
to E’; that at B will in 8 sec. have descended to B, etc.; so that A'B'C’ . . . .is
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FIG. 5—VARIATION OF CONDENSATION-TRAIL PATTERN FORMED IN A

The aircraft is heading into wind. The pattern is illustrated at the times given on the left-hand

STANDING WAVE

side since the aircraft left the standing-wave zone at point A.

the condensation-trail pattern at this time. The interesting feature is that a
wave with amplitude roughly twice that of the aircraft motion developed
within 4 min. of the passage of the aircraft. The changes in the pattern from
the time the aircraft leaves the standing-wave zone (Fig. 5) show how the
true standing waves gradually take over from the large-amplitude waves. To

an observer at the ground the whole pattern would effectively appear stationary
although the early stages are not strictly so.
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The graphical construction leads readily to the equation of the pattern. For
an aircraft of airspeed V passing through the origin at time ¢ = o the vertical
displacement z of the condensation-trail is given by

—asn oY 2_ﬂ<V—U> U
@ =asin— - pmasing 7 7z (x + Ut) .

For flight down wind the sign of the wind speed U must be reversed. The
first term represents the standing wave, on which is superposed a sine wave
with a different amplitude and wave-length moving with the wind. z has a
maximum value (2V—U)a/(V—U), from which it can be seen that large-
amplitude waves are formed over a wide range of airspeeds for both up-wind
and down-wind flight. In the example chosen V = 375 kt., U = 75 kt.,
Zmax 15 2°25a@. An example of this is I’ in Fig. 4.

The pattern at the time the aircraft leaves the standing-wave zone consists
of waves of approximately uniform amplitude and corresponds to the
condensation-trail appearance at 1755 G.M.T., while the pattern 144 and 160 sec.
later corresponds reasonably to the sketch made at 1758 c.m.1. (Fig. 1). This
lends some support to the view that the waves were of standing-wave origin.

The argument above neglects the variation with height in the vertical
component and the periodic part of the horizontal component of the air
motion in the standing wave. It can be shown that the effects of neglecting
these terms are of the second order in the amplitude.

Vertical currents.—The assumption that the wave pattern was in a
vertical plane and was due to standing waves leads to a value for the standing-
wave amplitude of about 350 ft. As the wind traversed one wave-length in
64 sec. this gives a mean value for the up-draughts and down-draughts of
1,200 ft./min. Bigger vertical currents than this have been reported in standing
waves over the Pennines and over Scotland, but none as large over the south
of England. It must be remembered however that the amplitude of the aircraft
track would have been less than 100 ft., and a pilot would be unlikely to
report rate of climb for this type of motion.

It is hoped that, with the steady increase of high-altitude flying, reports
from pilots will show clearly whether or not orographic waves can extend to
the stratosphere and will throw more light on the frequency of their occurrence.

REFERENCES

1. LUDLAM, F. H.; Orographic cirrus clouds. Quart. J. R. met. Soc., London, 78, 1952, p. 554.

2. CORBY, G. A.; The airflow over mountains. Quart. J. R. met. Soc., London, 80, 1954, p. 491.

3. SCORER, R. s.; Theory of airflow over mountains: III—Airstream characteristics. Quart. 7. R.
met. Soc., London, 80, 1954, p. 417.

LEE WAVES OVER GREEN I AIR ROUTE
LONDON TO SOUTH-EAST IRELAND

By E. CHAMBERS, M.A.
(British Overseas Airways Corporation)

B.O.A.C. Stratocruiser GAKGK, under the command of Capt. P. C. Fair,
departed from London Airport at 1518 ¢.Mm.T. on December 23, 1954 and
arrived at Shannon at 1735 G.M.T. on the first leg of a charter flight to
Bermuda. The aircraft was flown at a pressure altitude of 10,500 ft. aver the
Green I Airway and the track is shown in Figs. 1 and 2. The airway extends
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westwards from Compton, which is 8 miles north of Newbury (Berkshire), and
thence to Stockwood, Bristol, Newport, Strumble and Tuskar Rock, which is
off Carnsore Point.

The following is an extract from Capt. Fair’s voyage report:—

Between Compton beacon and the coast of Ireland a curious phenomenon was observed. A
few minutes after passing Compton the airspeed fell back almost 25 kt. from 200 to 175 kt.,
while the aircraft maintained a constant altitude of 10,500 ft., the altitude control of the
gyro-pilot being in use. I flew the aircraft by hand for about 5 min. and was able to get the
airspeed back to 200 kt. Shortly afterwards the airspeed fell again. The aircraft was trimmed
normally and flew in a stable manner. There was no turbulence. The airspeed again dropped
about 25 kt. but gradually returned to normal. All engine instruments gave normal readings
and there was no indication of overheating or loss of power. All gills, flaps and undercarriage
were checked visually as far as possible and were in normal positions. All doors were checked.
This loss of airspeed occurred at least four times between Compton and the Irish coast at
Tuskar Rock, and each cycle of loss and build-up lasted about 6 min. There was a strong
north-westerly air stream and the temperature at 10,500 ft. was about —6°C. The aircraft
was flying in clear air, but all anti-ice heaters were kept on in case the loss of speed was caused
by some form of clear ice. There was no indication of any form of icing. The aircraft take-off
at London Airport was normal and the landing at Shannon was normal as regards airspeeds
for power settings.

—Surface chart 1200 .M T.

2 ===-500-mb,.conrours ISO0 gmT
eeeeTrack of aircrafr
1
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FIG. I—SYNOPTIC CHART, DECEMBER 23, 1954

The report is interesting in the sense that there were cycles of loss of
airspeed with a gradual return to normal but no corresponding increase of
airspeed to above normal, and so it was not obvious to the pilots that the
effect was due to atmospheric wave motion. It was thought worth while,
therefore, to examine the meteorological situation in some detail, and, in
particular, to apply Scorer’s theory®? to find out if the air-stream charac-
teristics were favourable for the occurrence of lee waves.

Fig. 1 shows the 1200 G.M.T. surface chart and the 1500 G.M.T. contour chart
for the 500-mb. level on December 23, 1954 as drawn by the meteorological
office at London Airport. Pressure was low over Denmark and high north-east
of the Azores and there was a cold north-westerly air stream over the whole of
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the British Isles. A stream of warm air flowing around the Azores anticyclone
was approaching the British Isles from the Atlantic and, as would be expected,
there was a well marked jet stream in the north-westerly current ahead of the
warm front. Fig. 2 shows a cross-section of the wind and temperature structure
of this jet stream normal to the general air flow of 310° true, and was cons-
structed from the 1400 G.M.T. upper air reports obtained from the Daily
aerological record and other sources.

Strong winds and high values of vertical wind shear, especially in the
750-550-mb. altitude band, were reported at various places and it is un-
fortunate that the French observations in Table I were restricted to
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FIG. 2—VERTICAL CROSS-SECTION AT RIGHT ANGLES TO 310°,
1400, DECEMBER 23, 10954

comparatively low altitudes. The flight appears to have been made in the
warm air just above the frontal surface of the cold front which is shown in
Fig. 1 through Valentia and Cherbourg and it is interesting to note that there
was no turbulence.

Wind-speed (component from 310°) and temperature profiles for Aldergrove
and Crawley for 1400 G.M.T. are shown in Fig. 3, and it will be seen that these
are essentially similar so it seems fair to assume that the Crawley data may be
taken as being representative of the air mass in its undisturbed form.

Scorer’>? has shown that lee waves can only occur in an air stream if the
parameter /2 has lower values through a fairly deep upper layer than in the
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TABLE I-—UPPER AIR OBSERVATIONS, 1400 G.M.T., DECEMBER 23, 1054

Brest Trappes
mb. ° kt. ° kt.
519 290 142 - .
543 300 130
353 300 124
600 300 45
650 300 41 . e
671 s e 300 159
700 300 39 300 124
712 e e 300 95
750 300 45 300 66

layer below where

B\? 1 0:U g o0
e (2} _ 2= 2 — pf =222
r=(7) ~ g B =s=fz
U is the wind speed, z the height, 8 the static stability and 6 the potential
temperature. He has also shown that the reduction in {2 must exceed a critical

value for waves to be possible and the greater the reduction of /2 with height
the greater the likelihood of waves.

A first approximation to the value of /2 has been calculated from the Crawley
data for 1400 6.M.T. on December 23, 1954, using the method of Wallington?
and the results are given in Table II. From the surface to g50 mb. the lapse
rate was adiabatic but Scorer? has constructed stream-lines to show the
occurrence of lee waves for a three-layer model with an adiabatic layer near
the surface, a layer with comparatively large /2 above and an upper layer of
small /2. It will be seen from Table II that the inversion of temperature from
740 to 700 mb. produced large values of /2 whilst the strong forward wind
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shear was the dominant factor in producing very small values of /2 above
650 mb.

TABLE II-——VALUES USED IN CALCULATION OF SCORER’S PARAMETER [2

B U BEU?
mb. hr,—! kt. Km, 2
350 42 95 006
400 42 99 0-05
450 35 105 003
500 50 110 0-06
550 32 103 0-03
600 32 99 0-03
650 62 90 014
700 78 79 0-28
720 110 72 0-68
750 70 59 0-41
770 37 58 0-12
800 42 55 0-17
850 17 45 0-04
900 35 39 0-23

Conditions appeared to be very favourable, therefore, for the occurrence
of lee waves, and there seems to be little doubt that the Stratocruiser’s loss
of airspeed was due to flight at constant altitude in the descending portions
of waves set up in the lee of the Welsh Mountains and probably also of the
Wicklow Mountains and Cotswold Hills. It would be expected that the waves
would attain maximum amplitude somewhere in the layer 750-650 mb.
where the value of /2 was a maximum, and it is interesting to note that an hour
or so later two other commercial aircraft, flying at 10,500 ft. and 12,500 ft.
respectively, also experienced a loss of airspeed of about 20 kt. in the region of
Bristol but with no repetition of the cycle, whilst a third, at 17,500 ft., had
nothing to report.

Another case worthy of mention occurred on January 16, 1955 when a
B.O.A.C. Constellation aircraft flying at approximately 17,000 ft. along the
east coast of Italy on a flight from Beirut to Zurich encountered standing
waves continuously throughout the period 2100—2230 ¢.M.T. The Captain
stated that, although he had flown through standing waves on previous
occasions, he had never flown for so long a period in waves of such well defined
regions of lift and sink. The flight was largely smooth but there were occasional
short periods of moderate clear-air turbulence. As in the previous case, the
waves occurred in an air stream containing strong forward wind shear on the
warm side of a well developed jet stream. Very high values of vertical wind
shear were reported at various places near the jet stream; Hemsby at
1400 G.M.T. on January 17, 1955 reported winds of 280° 42 kt. at 500 mb. and
280° 154 kt. at 300 mb., whilst Brindisi reported 20 kt. at 700 mb. and 110 kt. at
300 mb. The flow over Italy was south-westerly, i.e. more or less at right
angles to the Apennines.

There now appears to be ample evidence to show that lee waves are very
likely to occur in an air stream where the wind speed shows a marked increase
with height and where there is a low stable layer, preferably an inversion, so
that the parameter (2 is large in the low layer and small above that layer. Such

47



conditions often exist on the warme-air side of jet streams or perhaps on the
cold side if subsidence has occurred in the cold air. Regions of jet streams of
high values of wind shear also have a high incidence of clear-air turbulence,
and it is not surprising therefore that Jones? has suggested a possible connexion
between clear-air turbulence and standing waves. The fact remains, however,
that the majority of flights in well developed standing waves are quite
smooth, and the degeneration of waves into turbulent motion is difficult to
substantiate.

Owing to the effect on aircraft performance, it is obviously important that
pilots should be warned whenever standing waves are thought to be probable,
and Scorer’s /2 criterion might profitably be used by forecasters for the purpose
of providing such advice.
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METEOROLOGICAL OFFICE DISCUSSION
Winds in the outer atmosphere

The discussion at the Royal Society of Arts on Monday, November 21, 1955,
on winds in the outer atmosphere was opened by Mr. P. Graystone.

Mr. Graystone defined the outer atmosphere, in this instance, as the region
above 30 Km., i.e. beyond the normal present limit of radar wind observation.
The variation of temperature with height was first briefly discussed. A
temperature increase with height has set in by 30 Km. in most latitudes, and a
peak value, somewhat above that at the surface, is reached near the top of the
ozone layer. Following a temperature lapse to a temperature at 8o Km.
similar to that at the tropopause, there is a further rise, possibly to very high
values in the ionosphere.

The physical structure of the atmosphere was portrayed, with reference to
phenomena relevant to the measurement of upper winds. The E- and F-layers,
bases about 100 and 250 Km. respectively, are the principle ionospheric
regions, both showing considerable diurnal fluctuation. Other phenomena
indicated were sporadic E, or “clouds” of more intense ionization occurring in
the lower E-layer, noctilucent clouds, usually about 80 Km., and meteors,
visible at heights ranging from 50 to 150 Km.

A few other points of interest were mentioned. The composition of the atmos-
phere remains roughly constant, apart from minor gases, to great heights,
though above 80 Km. oxygen molecules are dissociated into the atomic form,
and at higher levels dissociation of nitrogen also occurs. The atmospheric
pressure is approximately 10 mb. at 30 Km., 103 mb. at 100 Km. and 10-% mb.
at 400 Km. The mean molecular free path is of the order of 1 cm. at 100 Km.
and perhaps 1 Km. at the top of the F-layer.

A fair number of measurements of wind at and just above 30 Km. have been
made by the normal radar wind technique, either using very large balloons, or
a double-balloon method, the maximum height so far reached being just over
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40 Km. Further data at 30 Km. are available from the programme carried out
in this country during the last war, when the movements of smoke puffs from
high-level shell bursts were recorded!. But at higher levels information largely
depends on the movements of natural phenomena, observed visually or by
radio.

The principal visual method is the observation of meteor trails. Some of
these give a luminosity persisting for several seconds, and in rare cases a
few hours, and observations of long-persisting trails, dating back over many
years, have been tabulated by Olivier®? and others. Though this is a chance
method, observations compiled over a long period could be very useful, and it is
unfortunate that there is doubt as to the accuracy of some of the observations.
A modern variation on this method is the photography of meteor trails at
intervals of a second or two. The other visual method is the observation of
movements of noctilucent clouds, rather uncommon phenomena chiefly seen in
summer in high latitudes when the sun is just below the horizon.

Radio techniques, however, provide the principal tool for wind measurement
on a regular basis. Two quite distinct ones have been developed during the
past few years. The first uses the fact that meteor trails are highly ionized, and
hence that their movements at right angles to their orientation can be recorded,
either by the Doppler technique, or by the variation in range. Since meteor
trails can be tracked at the rate of 2 hundred an hour or more, a continuous
record can be maintained of the mean wind over a wide area.

The other radio method uses the fact that irregularities of electron density
exist throughout the ionosphere and can be recorded at ground receivers, both
by reflection from the E and lower F regions, and in the upper F region by
recording the “scintillation” of radio stars. Three receivers located at the
corners of a right-angled triangle are used, and the “fading pattern’ is normally
found to be similar at each, with a time-lag of a second or two. This is taken
as a measure of the velocity of the irregularity pattern, and the use of three
receivers enables two wind components to be evaluated. There are doubts as to
the reliability of these wind-measurement methods. The height of the
irregularities recorded is uncertain, casting doubt on the F-layer velocities,
and there is also the question of whether a true air movement is being recorded.
Two other possibilities exist—there may be a form of redistribution of ionization
occurring, or there may be a separation of the motion of ionized and neutral air.
The ionized air is subject to electric and magnetic forces, and in a very rarified
gas there could be a separation of velocities. This effect, unlikely in the E-layer,
is a distinct possibility in the F-layer.

Sporadic E affords another method of wind measurement, principally used by
Gersont assisted by a large body of radio amateurs in North America. Over a
period of four years, they have carried out experiments in tracking sporadic E
by observing when radio contact was established and broken off between two
amateurs. Lack of knowledge as to the origin and nature of sporadic E,
however, make it uncertain whether true air movements can be measured in
this way.

The method of acoustical propagation is one other way of recording high-level
winds on a systematic basis. The marked temperature inversion in the ozono-
sphere assists the refraction of sound waves, so that sound waves from an
explosive source can be recorded at the surface at ranges of 100200 miles.
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Observations of the time of travel of the sound wave, and of the orientation of
the wave front at the receivers, enable estimates to be made of the temperature
and wind structure to the top of the ozonosphere. Despite the technical
difficulties involved, the fact that temperature and wind effects have to be
separated and that some form of variation with height has to be postulated,
the results are basically reliable, and are the only ones available for this level.

Fig. 1 illustrates the normal heights over which these methods of wind
measurement are operative. It will be seen that there is a gap between 60 and
80 Km., with little information available—all the information above about
120 Km. is doubtful, if considered as air movements.

Results for the level 30-60 Km. fit into a coherent pattern, and the estimated
zonal flow for summer and winter is illustrated in Fig. 2. The outstanding
feature is the reversal in nearly all latitudes from westerly in winter to easterly
in summer. The position of the westerly maximum in winter is uncertain—it
may extend down to much lower latitudes than those indicated in the diagram.
In summer there is some slight evidence that the easterly winds decrease, or
even become westerly in the upper ozonosphere in high latitudes.
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FIG. 1—HEIGHTS FOR WHICH WIND ESTIMATES ARE AVAILABLE

At higher levels no definite flow pattern has yet emerged. In and below the
E-layer, there is agreement on the order of magnitude of the velocities, which
has a modal value of 100-150 kt. and occasionally reaches 400—600 kt. Seasonal
trends have been identified by individual workers, but it would be unrealistic at
this stage to attempt to deduce a circulation pattern. Similar considerations
apply to the F-layer, where velocities are similar in magnitude but occasionally
reach very high values, these being apparently highly correlated with the
intensity of geomagnetic activity.

Several observers have noted the existence of periodic oscillations at or
near the E level, the most pronounced being a semi-diurnal variation of large
amplitude representable by a wind vector rotating through 360° twice in 24 hr.
Such an oscillation at the surface is readily explicable in terms of the surface
semi-diurnal pressure wave; by applying the equations of motion for small
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perturbations, and using an empirical formula for the pressure variation, it can
be shown that this entails a wind component, rotating every 12 hr., in a clock-
wise direction in the northern hemisphere and counter-clockwise in the southern,
with an amplitude in middle latitudes of around 1 kt. On the resonance theory
of the surface pressure wave, Taylor® and Pekeris® have shown that for an
idealized atmosphere possessing a temperature structure similar to that now
known to exist, a free period of oscillation of 12 hr. is possible, and that the
resulting wind variation would undergo a 180° change of phase at 30 Km. and
subsequently increase rapidly in amplitude. The observed results for the
ionosphere fit the theory quite well, though the change in phase differs some-
what. Results obtained by Johnson” at 100 mb. fit the theory well, showing a
rotation of about 1 kt. amplitude in phase with the surface oscillation.

The radio methods of wind measurement are capable of yielding much
information about the spatial and temporal variations of wind in the ionosphere.
The radio-fading technique usually shows rapid velocity fluctuations over a
minute or two, but the interpretation of these is open to doubt. Meteor trails
likewise indicate rapid velocity fluctuations, the vertical shear apparently
predominating. Visual observations and the photography of meteor trails
illustrate this vividly. Results in general indicate that wind variability with
height and time are as great as, if not greater than, in the troposphere.
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FIG. 2—ISOPLETHS OF WESTERLY WIND COMPONENT

In conclusion, Mr. Graystone mentioned the possibility of connexions
between high-level phenomena and meteorological conditions near the surface.
No relation has been noticed as far as upper level winds are concerned, apart
from the diurnal oscillation, but claims have been made of the existence of
relationships between ionospheric intensity and various surface parameters.

Mr. Waldo Lewis, opening the general discussion, described the relation of the
transient small-scale fluctuations of the earth’s magnetic field to winds in the
high atmosphere. During a magnetic “‘quiet” period, the fluctuations are
regular and of small amplitude, and have components periodic in the solar and
lunar day. By analysing the distribution of these fluctuations over the earth’s
surface, it is possible to construct a hypothetical current sheet at about 100 Km.,
which in turn can be explained by the dynamo action of the solar and lunar
atmospheric tides, a current being induced in the conducting air by the earth’s
magnetic field. The currents deduced from the observed tidal flow agree
reasonably well with those deduced from the magnetic observations, and direct
evidence of the existence of a current sheet has now been derived from rocket
observations. The magnetic variation in disturbed conditions cannot as yet be
closely linked with high-level winds.
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Mr. Murgatroyd described briefly an attempt he had made to explain the
temperature structure below 100 Km. in terms of the absorption of solar
ultra-violet radiation by oxygen and ozone. It is possible to calculate the
heating if the solar spectrum outside the earth’s atmosphere, the concentration
of oxygen and ozone, and the absorption coefficients of these gases are known,
a good deal of data about them now being available from American rocket
experiments. Some preliminary unpublished calculations by Dr. R. M.
Goody, Department of Meteorology, Imperial College, have been extended to
all zenith angles, and hence to different seasons and latitudes, assuming
constant oxygen and ozone conditions at any given height. Calculated heating
rates for different solar zenith angles, and the corresponding values for summer
and winter for different latitudes are given in Tables I and II. There is a

TABLE I—HEATING RATES FOR DIFFERENT SOLAR ZENITH ANGLES

Zenith Height (kilometres)
angle 30 40 45 50 6o 70 8o 90 100
° degrees Celsius per day
o 5 21 26 21 8 3 2 6 40
40 5 16 23 21 8 3 2 4 31
60 4 10 18 18 8 3 2 3 21
8o 3 4 6 10 7 3 2 I 6
TABLE II—HEATING RATES FOR DIFFERENT LATITUDES
Height (kilometres)
Latitude 30 40 50 60 70 8o go 100
° degrees Celsius per day
SUMMER
o 2 6 8 3 1 1 2 10
20 2 6 9 4 2 I 3 13
40 2 7 11 3 2 1 4 15
60 3 7 12 4 2 I 3 I5
8o 2 8 17 8 4 I 3 16
WINTER
o 2 6 9 4 2 1 2 11
20 2 4 8 4 2 1 1 8
40 1 2 5 3 1 o I 4
60 o I 1 1 o o o 1
8o o o 0 o o o o o

reversal of temperature gradient with season in the ozonosphere, the maximum
heating in the hemisphere occurring at 50 Km. near the pole in summer and
at 48 Km. near the equator in winter. This would produce westerly winds in
winter and easterly in summer, the winter type including both mid-seasonal
months, March and September. At 100 Km. there is a positive gradient of
heating rate from pole to equator in winter, but an irregular one in summer,
though the results here are less reliable than for the ozonosphere. Similar
calculations can be made for temperature from the formula 07/ot = KT?,
where K, a constant of assumed grey-body radiation, is obtained from a single
assumed temperature structure and then taken as constant at a given altitude.
Results from this indicate a much greater gradient of ‘“‘solar radiation
temperature”, and hence stronger thermal winds, in winter than in summer.

Mr. Bannon queried the sensitivity of these calculations to variations in
ozone distribution. Mr. Murgatroyd replying considered that these were not
very critical; Pressman®, who has recently published calculations giving results
similar in form though with slightly differing magnitudes, found that the

52



variation of ozone distribution with latitude was comparatively unimportant
compared with the effect of the sun’s changing declination.

Mr. Graystone observed that the computed seasonal variations of temperature
in the ozonosphere would result in winds many times stronger than those
reported. Mr. Murgatroyd emphasized that estimations of wind and tempera-
ture gradients were qualitative at this stage. When more was known about the
long-wave components of radiation and about the detailed composition of the
upper atmosphere, we should have a circulation problem in terms of unequally
heated air masses.

Mr. Gold referring to the relation between the surface pressure wave and
upper wind variations, asked if the lag in phase of the pressure variation at
high-level stations was consistent with theory. Mr. Graystone replied that the
surface pressure oscillation itself differed in phase from that resulting from a
solar tide, the difference presumably being attributable to thermal effects. He
thought that variations in the latter might explain the phase lag with height,
pointing out, however, that the observed lag might not occur in the free
atmosphere. Replying to another question from Mr. Gold, Mr. Waldo Lewis
said that the phase of magnetic variations agreed as well as could be expected
with that of the wind variations.

Mr. G. M. Brown (University College of Swansea) spoke of ionospheric
research carried out under Dr. Beynon at the University College of Swansea.
There is now considerable evidence suggesting that the currents responsible for
the solar “quiet day’’ magnetic variations flow in the E region of the ionosphere.
The electrodynamics of this “dynamo” region is complicated, but it appears
that vertical transport of ionization is important. Except at latitude 30—40°,
corresponding to the foci of these current systems, there is an east-west com-
ponent of current overhead at all stations. This current, acting across the
horizontal south—north force of the earth’s magnetic field, results in a vertical
force, directed upwards for places on the equator side of the foci, and down-
wards for places on the polar side. This vertical force may be expected to lead
to a distortion of the ionization in the dynamo region. From E-region studies at
Swansea it had been concluded that the so-called anomalies of this region can be
attributed to the influence of this vertical drift. It was possible to locate the
foct along a line of longitude, while at a given station the varying influence of
drift over the day could be detected, showing a maximum east-west current at
about 1100 G.M.T., and a minimum about 1500 G.M.T. Mr. Brown also referred
to the difference in length observed between the two cycles of wind variation,
the day cycle being completed in g hr. and the night in 15 hr. Mr. Graystone
said that this variation had been noticed by two or three observers; it did not
fit the resonance theory, and if real, it would indicate that some other effect is
operating. Referring to Mr. Brown’s references to vertical transport of ioniza-
tion, he pointed out that this would affect the validity of wind observation by
the ionospheric reflection method.

Dr. Stagg inquired to what extent we were justified in talking of “winds” at
all, in the ionosphere.

Mr. G. M. Brown said that ionospheric workers were concerned only with the
ions and electrons, and preferred to speak of “motions” rather than winds.

M. Absalom said that movements of meteor trails were generally considered
to represent true air movements.
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Mr. Graystone thought that the frequency of collisions at 100 Km. was
sufficient to talk of real “winds”.

The Director doubted whether hydrodynamicists could deal with motion when
the mean free path became too great, and drew attention to the importance of
momentum, rather than wind velocity.

Mr. H. H. Lamb asked if the decrease in wind velocity indicated at the top of
the ozonosphere was real, pointing out that this meant a reversal of tempera-
ture gradient. Mr. Graystone said it was unfortunate that information for the
very interesting levels 60-80 Km. was almost totally lacking. If the results
obtained from meteor-trail observations at 80o—go Km. were accepted, it would
certainly mean a reversal of thermal gradient at some level below 8o Km.

Mr. Beimers, on the question of a relation between the ionosphere and surface
parameters, suggested a connexion between sporadic E and thunderstorms,
adding that this might mean that the movements of the two are related. Mr.
Murgatroyd argued that the directions and velocities of sporadic E movements
recorded by Gerson were against this.

Myr. Gold considered that the upper wind might be related to the movement
of areas of thundery activity rather than of individual storms.

Dr. Suicliffe suggested that thunderstorms could initiate sporadic E, which
would then move with the wind.

Another speaker referred to the work of Fr Gherzi in relating ionospheric
intensity to surface parameters.

Dr., Scrase, in answer to a question of the possibility of more accurate wind
measurements at very high levels, considered that 35—40 Km. was about the
limit we could reach by radar wind sounding, and thought that rockets offered
the only prospect of readings at higher levels.

Mr. Oddie asked what forces were available for the maintenance of large
velocity gradients at very high levels. Mr. Graystone said that there was no
difficulty about the forces responsible for high velocities; the energy available
from the ionization and dissociation processes had been shown to be greater
than from the evaporation and condensation of water vapour at low levels. The
magnitudes of the velocity gradients were however surprising.

Dr. Sutcliffe wondered what had occasioned the interest shown in very high-
level winds, and asked whether it was envisaged that they would have practical
importance for the Meteorological Office.

Mr. Murgatroyd argued forcibly that the whole of the atmosphere was the
concern of the meteorologist. In particular he expressed his disappointment
that the high-level rocket research programme should be the responsibility of
the Gassiot Committee, rather than of the Meteorological Office.

My, Graystone drew attention to the over-statistical approach adopted by
ionospheric physicists in dealing with upper winds, and called for a more
synoptic investigation. He also regretted the lack of co-ordination of different
methods of wind measurement.

Mr. Gold likewise held that meteorologists should not restrict themselves to
that part of the atmosphere attainable by radio-soundings, and thought that
ionospheric workers might expect the Meteorological Office to give information
on high-level winds.
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Dr. Stagg, reverting to the validity of wind observations at high levels, drew
attention to the fact that aurora “pencils” extending out to about 1,000 Km.
remained straight, while meteor trails were rapidly distorted. Mr. Graystone
thought the two phenomena were of quite a different nature; insufficient was
known about the aurora to explain the mechanism of the auroral rays. The
bodily motions of these rays had been measured, and had, mistakenly he
thought, been classified as winds.

Mr. G. M. Brown referred to the complexity of the problem of motions in the
ionosphere, where we were concerned with electrodynamics rather than
hydrodynamics.

The Durector, in conclusion, agreed that the Meteorological Office need not
consider itself restricted to the lower atmosphere. In thanking the visitors for
their contributions to the discussion, he referred in particular to Mr. Gold’s
pioneer work on radiation in the high atmosphere.
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OFFICIAL PUBLICATION
The following publication has recently been issued:—
METEOROLOGICAL REPORTS

No. 16—Winds between 300 and 100 mb. in the tropics and subtropics. By A.
Gilchrist, M. A.

Charts showing the mean winds at 300, 200, 150 and 100 mb. for stations in
the tropics and subtropics and mean atmospheric cross-sections at 80°W.,
45°E., 140°E. and 165°E. are presented for January, April, July and October
1951. A strong westerly wind belt, which is strongest in winter, exists near
latitude 30° in winter and at higher latitudes in summer. This belt may be
distinct from the polar jet stream; cross-sections at 80°W. for individual
occasions indicate its structure. The easterly winds on the equatorial side of the
westerlies reach their maximum extent in summer when a strong easterly
current stretches from the Pacific across southern Asia to Africa.

ROYAL ASTRONOMICAL SOCIETY

A discussion held by the Royal Astronomical Society on Friday, November 25, 1955, on the
subject of irregularities and horizontal movements of electrons in the upper atmosphere, was
attended by several prominent ionospheric physicists.

The chairman, Mr. J. A. Ratcliffe, F.R.S., opened with a brief survey of existing know-
ledge of ionospheric irregularities and their movements, and suggested several problems for
general discussion. Dr. Briggs and Dr. Greenhow presented observations of mean flow
obtained by radio reflection from the E-layer and by meteor-trail operations respectively,
while Dr. Beynon and Mr. Dagg illustrated results for the F-layer, using ionospheric reflection
and the stellar-scintillation techniques. Mr. Jones gave results indicating an advance of phase
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and an increase of amplitude with height in the E-layer semi-diurnal wind rotation. Dr. Weekes
considered these to be consistent with theory, but the large reported seasonal variation in
phase could not be explained. A mean velocity gradient of 2 kt./Km. was found by Dr. Beynon
for the F-layer.

Dr. Clemmow discussed the relation of the electron movements to air movements, and it was
generally agreed that, in the case of ionized meteor trails at least, true air movements were
being recorded. No simultaneous observations, using different methods at the same height,
had yet been made, and Dr. Scorer urged the use of visual observations of noctilucent clouds
which could be correlated with meteor-trail movements.

The nature of ionospheric irregularities was discussed, particularly interesting being the
F-layer “ripples”, 100-200 miles across, which moved over considerable horizontal distances.
The small-scale F-layer irregularities had been found to have a similar diurnal variation over
widely separated geographical locations, though this was not considered to be due to the
maintenance of the irregularity pattern over long distances.

LETTER TO THE EDITOR
Use of Esperanto by meteorologists

In the course of his article, “Second Congress of the World Meteorological
Organization” in the September 1955 number of this Magazine, Mr. Durward
writes “It will be appreciated that one source of difficulty is that of language—
translation too often alters the sense”. In this connexion I should like to
draw attention to a Resolution passed by the General Conference of UNESCO
in December 1954, which reads as follows: The General Conference

(i) takes note of the results attained by Esperanto in the field of
international intellectual relations and in the rapprochement of the peoples
of the world

(ii) recognizes that these results correspond with the aims and ideals
of UNESCO

(iii) authorizes the Director-General to follow current developments in
the use of Esperanto in education, science and culture, and to this end to
co-operate with the Universal Esperanto Association in matters concerning
both organizations ’

(iv) takes note that several Member States have announced their
readiness to introduce, or expand, the teaching of Esperanto in their
schools and higher educational establishments, and requests these Member

States to keep the Director-General informed of the results attained in this
field.

In meteorological circles we have been living with the difficulty mentioned
by Mr. Durward for at least a quarter of a century, and it is strange that, whilst
great advances have been made in finding solutions to scientific problems
connected with the weather, as far as I am aware, no serious attempts have
been made even to encourage the younger generation of meteorologists to
familiarize themselves with a universal language. Opinions, often based on
hearsay, that Esperanto is not practicable or that something else, like basic
English, would probably be better, are only too familiar but lead nowhere.
I suggest the World Meteorological Organization could give a lead in this
matter by following up the UNESCO resolution and fostering the use of
Esperanto for a trial period of, say, g or 5 yr. It is in line with the best scientific
traditions to conduct such an experiment, and arrive at a conclusion, either to
continue or abandon the project, in the light of results. For instance, a page
in the WMO Bulletin devoted to letters on meteorological topics and written in
Esperanto would stimulate interest.

56



Esperanto cannot be said to be a perfect international language, but if we
wait for perfection we may wait for ever. As far back as 1go7 it was the most
widely known and used of its numerous competitors, and the fact that it has
survived 50 yr., and is now the subject of a UNESCO resolution, indicates that
it is the most reasonable and practical artificial language that has yet appeared.
To the meteorologist it can perhaps best be regarded as a code language, and to
any one who masters the international codes contained in the World Meteoro-
logical Organization Publication No. g, Volume A, and who also has a
knowledge of French, the acquisition of a working knowledge of Esperanto is a
relatively simple matter and can be a fascinating relaxation. It is entirely
phonetic, and according to the “Encyclopaedia Britannica’ the grammar can
be learned in half an hour. In 1929, Mr. Gold, then President of the Inter-
national Meteorological Organization Commission for Synoptic Information,
wrote:* “I have been frequently concerned by the difficulties which are
experienced in our Commission owing to differences of language . . . I do not
think it is practicable for the difficulty to be satisfactorily resolved in our
generation; it can only be met by the adoption of one standard language for
our discussions, and this language ought to be one which is taught as part of
the education of youth”. The Conference of Directors in the same year adopted
a resolution* which recommended “that the League of Nations should be
notified of the importance for the work of the Conference and all its Com-
missions of an international agreement on a standard language to be used
generally for international meetings and eventually taught to the youth of all
nations”.

Doubtless there are many readers who share the belief that the use of a
universal language would be of great benefit to the science of meteorology, the
advancement of which depends so much on international co-operation, but
who have thought it too idealistic, or too difficult, or not worth-while. This
has been the view of the majority of nationals up to now, but the minority of
“pioneers” who urge otherwise and consider it is a practical proposition may,
after all, be proved to be correct.

Dunstable, October 18, 19535. C. V. OCKENDEN

[The Report of the Tateno Aerological Observatory, Japan, was published
wholly in Esperanto from 1926 to 1939.—Ed. M. M.]

NOTES AND NEWS
Rime at Holme Moss

The photographs in the centre of this magazine were taken on March 17, 1954,
at Holme Moss the site of the B.B.C. television transmitter nine miles south-
south-west of Huddersfield. They illustrate the formation of rime in an easterly
wind during the previous few days. Holme Moss is at a height of 1,750 ft. above
sea level and the main mast of the transmitter extends 750 ft. above that.

A large anticyclone covered the whole of Russia and southern Siberia on
March 11, 1954, and began to spread westwards, a separate circulation splitting
off the main anticyclone and settling over Scandinavia on the 12th. This new
anticyclone then spread further west and became persistent over the region

* Secrétariat du Comité Météorologique International No. 3. Procés-verbaux des séances
de la conférence internationale des Directeurs du Comité Météorologique International et de
diverses commissions 2 Copenhague Septembre 192g. Utrecht 1929.
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from Iceland to Scotland on the 15th; it finally retreated eastwards on the 18th.
During the period from the 12th the wind at low-level stations in Yorkshire
was persistently easterly or east-north-easterly with a strength between 5 and
15 kt. During the same period over Liverpool radar wind measurements at
950 mb. (about the height of Holme Moss) gave east-south-easterly winds with
speed decreasing from 25-30 kt. on the 12th—13th to 10-15 kt. on the 18th.

Air temperature on the Yorkshire coast was almost constant at 37-40°F.
and at Huddersfield (Oaks), at a height of 762 ft., the temperature never rose
above $8°F. until the 17th when a maximum temperature of 41°F. was
recorded ; the mean of the temperatures at g50 mb. over Leuchars and Hemsby
varied between 283° and 311°F. from the afternoon of the 13th until the
morning of the 17th; the temperature at Holme Moss was continuously below
freczing for at least four days before the photographs were taken (the tempera-
ture at 950 mb. over Liverpool was sometimes above freezing but there, in the
lee of the hills, there would be a féhn effect).

The air mass was typically polar continental with an inversion of 10-15°F.
extending from 2,500-3,000 ft. to about 4,500 ft. where the temperature was
38-40°F.—warmer than at sea level. Beneath this inversion was a continuous
sheet of North Sea stratus with base normally at about 800 ft. but occasionally
lifting during the day to 1,000-1,200 ft. Not until the 16th did the cloud lift to
2,000 ft. or higher when it began to break in the afternoon.

At Holme Moss the cloud was down to the surface until the 17th, and with
temperature a few degrees below freezing rime formed on all surfaces exposed to
the wind. Rime builds up into the wind as each supercooled cloud particle
strikes and freezes on to any exposed object. The characteristic horizontal
feathery ““icicles” illustrated in the photographs are then formed, each pointing
into the local wind direction. In this connexion the “icicles” near the base of
the large transmitter mast (on the north-north-west side of the buildings) are
particularly interesting because they show a consistent down-draught in the lee
of the buildings almost free from eddies. The smaller radio-link mast, illustrated
in the photograph facing p. 49, is clear of the buildings (north-east of the main
mast) and only shows horizontal ““icicles”; close to the ground these “‘icicles”
are shorter as would be expected with the lower wind speed (and therefore lower
number of passing cloud particles) at that level. The ground itself shows only
slight accumulations of ice for the same reason, but moorland grass was
reported to be exhibiting the “‘icicles” in miniature. These would be more
pronounced on the crests of hillocks as can be seen by the increased whiteness
on some of the photographs.

There was no snow during this period, and therefore the “icicles” are not
smothered and concealed as was the ice on the radio-telephone towers on
Great Dun Fell, Cumberland, illustrated in the October 1951 Meteorological
Magazine.

During March 17 (maximum temperature of 41°F. at Huddersfield), the
stratus cloud lifted and the air became warmer. Whilst the photographs were
being taken some of the “icicles” broke off and fell in great masses, deluging
the photographer in a rain of ice.

Despite the accumulation of ice on the transmitting aerials there was no
effect on transmission from Holme Moss.

P. B. SARSON
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Extension of area forecasts for shipping and a new service for ships
sailing from London

From November 1, the Atlantic weather bulletin for shipping transmitted from
Portishead Radio Station has included forecasts for the areas ‘“Denmark
Strait”” and ‘““North Iceland” covering a period of 24 hr. from the time of issue.

Forecasts for these two areas give surface-wind force and direction with the
addition of air temperature when this is expected to be below freezing. The
importance of these additional forecasts to the large number of trawlers which
fish in this area is considerable. The British trawlers Lorella and Roderigo were
both lost on January 26, 1955, with no survivors, within a few miles of each
other in an approximate position 674°N. 21°W. The court of inquiry, which
held an investigation into this disaster, found that “‘the vessels capsized and
foundered due to the unusual and unpredictable combination of a heavy gale,
high seas and the loss of stability due to the heavy accumulation of ice on the
upper structures”’, and stress was laid on the fact that the disaster occurred, not
as a result of a prolonged north-easterly gale alone but because it was associated
with persistent low temperatures. Thus for the benefit of trawlers operating in
this area the importance of including air temperature when this is expected to
be below freezing, as well as wind force and direction, becomes obvious.

The “Denmark Strait” area extends to the middle of that Strait (about
100 miles from the Icelandic coast); its southern limit is the parallel of 65°N.
extending from the Icelandic coast to the meridian of 30°W., and its eastern
limit the meridian of 19° W. extending from the Icelandic shore to 68°N.

The “North Iceland” area also embraces an area about 100 miles off the
coast. Its western limit will be the meridian of 19°W. extending from the
Icelandic shore to 68°N. and its south-eastern limit will be along the northern
limit of the “South-East Iceland” area extending from the Icelandic shore to the
position 64°N. 10°W.

Another new service provided by the Meteorological Office for shipping with
the co-operation of the Elder Brethren of Trinity House and British Railways
began on November 21; ships sailing from London are now provided with a
prebaratic chart which is taken aboard by the pilot when he joins the ship at
Gravesend. The chart is prepared at the Meteorological Office in Victory
House, London, in sufficient time to catch the g a.m. train to Gravesend, and
it is thus available to the pilots by about 11 a.m. each day, Sundays included.
The information on the chart includes a brief statement about the general
synoptic situation, a forecast (prebaratic) chart for “midnight tonight”
showing the North Sea, Iceland, Greenland and the Atlantic as far as 40°W.,
and a statement of the sea-area forecasts for 24 hr. from 0600 G.m.T. for the
“Thames estuary”, “North Sea”, “south coast” and ‘“‘south-west approaches
to the English Channel”’.

Charts of standard vector deviation of wind
It was stated in the Meteorological Magazine for May 1955, that a limited
number of charts of average vector wind distribution over the world at 500,
300, 200 and 100 mb. for the four seasons were available for purchase.
Corresponding charts of standard vector deviation of wind at 300, 200 and

100 mb. have now been reproduced, representing revisions of those published in
Geophysical Memotirs No. 85 (which gives values at 130 mb. not 100 mb.).
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Combined sets of the two charts (16 average vector wind and 12 standard
vector deviation) size approximately 13in. X 16in. are now available for
purchase, price £1 8s. od. plus postage (64d. in the United Kingdom) on
application to the Director, Meteorological Office, Kingsway, London, W.C.2.

REVIEWS

Theoretische Hydromechanik. Band II. By N. J. Kotschin, I. A. Kibel and N. W.
Rose. Translated from the Russian and technically edited by K. Krienes.
9} in. X 63in., pp. viil + 569, Illus., Akademie-Verlag, Berlin, 1955.
Price: DM 48.

The first volume of this work, dealing with inviscid fluids, was reviewed in the
Meteorological Magazine*. The present volume, which presumably completes
the work, is devoted to the study of gas dynamics (compressible flow), viscous
fluids and turbulence.

“Gas dynamics™ is not a very happy term, and here it is taken, as usual,
to imply the study of fluids of relatively small volume moving at high speed.
It thus embraces those aspects of fluid dynamics that are of importance in
ballistics, turbine design, rocket construction, etc., and as such does not often
concern the meteorologist. Much of the text also relates to problems arising
in high-speed flight and, as might be expected, there is considerable use of the
method of characteristics which has found application also in the meteorological
field. This section of the book, written by Kibel and occupying the first
240 pages, is a very good and clear account of the main features of compressible
flow that have yielded to analysis.

The second chapter deals with viscous flow. This takes up about 260 pages
and is mainly written by Kotschin. It covers the ground adequately, beginning
with a full discussion of the Navier-Stokes equations in their various forms
(rectilinear, cylindrical and spherical co-ordinates), the vorticity equation,
similarity relations (Reynolds and Froude numbers), and the conduction of
heat. After this come the various well known applications, such as Poiseuille’s
law and the diffusion of vorticity. The two limiting cases of small Reynolds
number (influence of viscosity dominant as in Stokes law for a sphere) and of
large Reynolds number are then discussed. The case of small friction (large
Reynolds number) introduces the boundary-layer theory, which is also dealt
with thoroughly.

The final section of the book, written by Kibel, deals with turbulence. It
is refreshing to find that at last there is a textbook which is prepared to devote
some space to a mathematical discussion of Reynolds’s rules for forming mean
values and the gonditions under which these are valid. The subsequent
discussion of technical problems is somewhat brief, but most of the techniques
that have proved fruitful, such as the mixing-length concept and the statistical-
mechanics approach of Taylor, are included, and there is a mention of the
work of Kolmogoroff. Meteorological applications do not receive much
attention, but this is not unexpected in a book that is intended to cover fluid
mechanics in general.

The impression left on the reviewer is that this volume, like the first, is a very

workmanlike job, and can be thoroughly recommended. It is to be doubted if
there is a book of similar length in English that covers the ground as well, and

* Met. Mag., London, 84, 1955, p. 27.
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one is filled with admiration for the way in which the topics have been selected
and discussed. Anyone who seeks to become proficient in this difficult field of
mathematical physics could hardly do better than to study this treatise. Finally,
the text, possibly because it is a translation, is written in a style that offers few
difficulties even to those who (like the present reviewer) learned to read
scientific German rather late in life. In this respect it is a welcome relief from
the average Handbuch.

0. G. SUTTON
Degree of wintriness. By B. D. Kyriazopoulos. Meteorologica No. 1. 9% in. X 64 in.,
pPp- 25, {llus., University of Salonika, 1954.

This little paper, written in English, contains a reasoned presentation of an
index of wintriness in Thessaloniki (Salonika) obtained by adding together

(i) the sum of all minimum temperatures < 0°C.
(i1) the sum of all minimum temperatures < —4°C.

(ii1) the number of observations with temperature <X +3°C. at the
observation hour

(iv) the number of days with average cloud cover at the three
observations > 8 tenths

(v) the number of days with precipitation (> 0-0 mm.)
(vi) twice the number of days with snow-cover

In 45 winters (1891-1910, 1928-1954) the resulting index varied from g8 in
1go1—02 (“mild””) to 457 in 1941—42 (“severe’). The temperature contri-
bution, items (i)-(iii), ranged from g-5 to 367-5; the contribution due to
cloudiness, rain and snow-cover, items (iv)—(vi), was always between 50 and
176.

The severer two thirds of the winters were all so rated mainly on account of
high values of the low-temperature contribution; only one of these winters
(1953—54) had a “humidity” contribution higher than in the mild winters.
The winter of 1953-54 seems to have been of a highly unusual type in this
respect, dull, wet, snowy and severe. Other severe winters were generally dry,
though the numbers of cloudy days were subject to a good deal of variation;
the average winter rainfall in the 16 milder winters was 176 mm. as against
143 mm, in the remaining (normal and severe) winters.

In the reviewer’s opinion this paper is chiefly of interest for its statement of
the different make-up of different winters, whereas an index which adds up,
and purports to measure, all these unlike characteristics on a single scale is

meani .
eaningless H. H. LAMB

Meteorologia por correspondencia. Nos. 3 and 4. 9i}in. X 5}in., pp. 4, Hlus.,
Instituto de Estudios Superior, Sociedad Meteorolégica, Montevideo, 1954.

The Meteorological Society of Uruguay is publishing a series of folders entitled
““Meteorologia por correspondencia’ giving elementary lessons in meteorology.
Nos. 3 and 4 have been sent to us. The first of these contains short articles on
the qualities needed in a meteorological observer, on the questions he should
ask himself when making an observation, and on the sun. Accompanying them
are sheets giving graphical methods of recording observations and a
climatological record form for the month.

G. A. BULL
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Fish rain in Western Macedonia. By G. C. Livadas. g% in. X 6} in., pp. 12,
Illys., University of Salonica, Meteorological Institute, Salonica, 1954.

This publication of the Meteorological Institute of the University of Salonica
describes the circumstances attending the fall of a large number of fish at the
village of Alona in northern Greece (about go miles west of Salonica).

The fish were found on the morning of October 15, 1951, scattered in groups
on the ground and in trees over an area of about 4 square mile. Samples
examined by an ichthyologist showed that some at least of the fish came from a
lake about 25 miles to the east of Alona. A strong NE. wind blew during the
night with showers. The author concludes that a waterspout formed over the
lake sucking up the fish which were then dropped to the westward.

G. A. BULL

ERRATA

September 1955, PAGE 295, line 29; for ““On the islands and coasts of north and west Scotland sea
fog and low cloud kept temperatures in the fifties for most of the month.” read ‘“Over north and
west Scotland there were many gloriously sunny days on which temperature rose to over 70°F.
but fog and low cloud restricted bright sunshine on some days in coastal districts, especially in
the mornings.”

November 1955, PAGE 349, equation (3) and both parts of equation (4); for “Ugr” read *‘Ugs”.

METEOROLOGICAL OFFICE NEWS

Retirement.—MTr. E. D. Dent, Experimental Officer, retired on December 31,
1955. He joined the Office in January 1927 and during his service has worked
both at Headquarters and outstations. Since 1948 he has served in three
branches at Harrow. Mr. Dent saw military service during the whole of the
First World War, 1914-18, and during the latter part he served with the
Royal Air Force.

Ocean weather ships.—The following is an extract from the report of the
Meteorological Officer-in-Charge aboard the Weather Recorder during voyage
64 (October 27 to November 30, 1955) when the ship was on duty at
Station A.

“A fund was inaugurated this voyage whereby the staff filling balloons were
fined }d./ft. by which the rate of ascent was outside the required limits, the
proceeds to go towards a pre-sailing Christmas party for the meteorological
staff. An interesting result was the fact that no improvement in rate of ascent
evolved, hard as the staff tried! Dinner and a visit to a show in Glasgow are
now envisaged, the night before sailing.”

WEATHER OF DECEMBER 1955

The main Atlantic depression track was further south than normal and the depressions largely
travelled due east between 50° and 60°N., passing across or near to the British Isles and over
Europe, though there were also some deep centres off the coast of north Norway. One depression
from the Atlantic became rejuvenated and had a depth of 976 mb. over central Russia on the
14th. The Azores and continental anticyclones were both weaker and farther from Europe than
usual. As in recent months the anticyclone over the polar ice was again prominent and unusually
intense (monthly mean pressures 6-10 mb. above normal on the Arctic coasts of north-east
Siberia and Alaska, monthly mean pressure 1028 mb. north of the New Siberian Islands at
approximately 77°N. 160°E.). Maximum pressure anomalies in the Atlantic-European sector
were — 13 mb. off the Norwegian coast in 65°N. 5°E., — 12 mb. near Stockholm and — 10 mb.
in mid ocean at about 45-50°N. 35-40°W.

The distribution of temperature anomalies was very similar to the previous month with cold
areas dominating the Canadian Rockics (greatest anomaly —8°C.) and the broadest part of
North America south-east thereof, also a less extensive but even bigger negative anomaly over
northern Europe (—10°C. over central Finland). Europe south of 55°N. was a little milder
than usual thanks to the prevailing westerly winds. Northern Siberia, north of about 55°N.,
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was colder than usual in December. After a relatively mild November, most stations around the
fringe of the polar ice again registered negative anomalies of 1° or 2°C.

The month had above-normal precipitation over most of northern, central and south-western
Europe but was dry in the Balkans and most of the Mediterranean. Two or three times the

normal precipitation was measured in western Spain, the eastern Alps, eastern Germany,
Sweden and central Norway.

In the British Isles the main feature of the month was the large variations of temperature due
to the frequent incursion of polar or arctic air from the north. This affected much of the

country during the 7th, roth-12th, 17th-22nd and goth—3ist, but otherwise the weather was
mild and changeable.

During the first week the weather was of a mild westerly type, though slight air frost occurred
in places at night. Fog was fairly frequent night and morning, and persisted locally until late
afternoon on the 2nd. There were occasional rain and showers, heavy at times, in the north and
west, with thunder on the 2nd and 3rd in north Scotland and the Hebrides. On the 7th, an
anticyclone over Greenland intensified, and cold arctic air subsequently swept southward to the
English Channel, but on the gth a large and complex depression crossed Scotland bringing mild
air back over the country; there was widespread rain preceded in the north by snow; 13} in. fell
at Leuchars in the 24 hr. ending 09oo on the 10th. Arctic air again broke through to much of the
British Isles on the 10th, and the following day a ridge of high pressure developed south-
eastwards from Greenland giving a south-easterly air stream over England. Fronts, which were
held quasi-stationary by this air stream, gave considerable rain and sleet over the south and
south-west of the country; at 2100 on the 11th Aberporth measured over 1 in. of rain which had
fallen in 12 hr. A deep depression on the Atlantic brought mild cloudy weather slowly back
over the country on the 13th, the warm air being preceded by fog and rather prolonged rain and
snow; there was widespread rain, heavy at times, also on the 14th and 15th. On the 16th, the
near freezing temperatures, which had persisted in the Shetlands since the 10th, began to spread
southwards as a ridge from the Greenland anticyclone developed over the British Isles, and early
on the 1gth there was keen or hard frost over most of the country; Elmdon recorded a screen
temperature of 16°F. with 5°F. on the grass. For several nights very low temperatures were
reported from parts of Scotland including 8°F. at Dyce on the 21st—22nd with 2°F. on the grass.
A depression moved across southern England on the 20th giving widespread rain or sleet in the
south and snow further north; there were prolonged and heavy falls east of the Pennines, and in
many parts of Yorkshire snow lay to a depth of more than 12 in. It was not until the 22nd that
the weather reverted to a mild westerly type which, once established, persisted until after
Christmas. Christmas-day was generally fine in the east but rain spread to western districts
during the afternoon, and thereafter troughs from a complex depression near Iceland main-
tained widespread and locally heavy rain over the country for the next two days with a gradually
rising temperature. Temperature did not fall below 50°F. over most of England and Wales on the
night of the 27th—28th, and 55°F. at Ross-on-Wye was a record high minimum for a December
night. On the 28th temperature reached 59°F. in East Anglia and in Yorkshire, and the maxi-
mum, 58°F.; recorded on the Air Ministry roof at Kingsway London had not been exceeded in
late December since records began there in 1g40. On the night of the 2gth-goth there was
heavy rain over south England and south Wales as a secondary depression moved along the
English Channel, but thereafter weather became progressively colder as squally north-westerly
winds with occasional showers became established over the country.

Mean temperature varied from 4°F. above the average in the south to 4°F. below average in
the north, and while sunshine was about average over the country as a whole there was an
excess in Scotland and eastern England and a deficit in the west. Rainfall was above average in
Scotland and northern England but was below in much of East Anglia, the Midlands, north
Wales and Northern Ireland. In spite of the rain, some of the heaviest land is still not ploughing
easily, but most seed beds have been good with quick germination. Farm work has gone on
without hindrance and is more forward than it has been at this date for a considerable number
of vears. Most winter cereals look well and the sugar-beet harvest is virtually complete. Supplies
of winter fodder remain good and seem adequate to withstand a hard winter.

The general character of the weather is shown by the following provisional figures.

AIR TEMPERATURE RAINFALL SUNSHINE
Difference No. of
from Per- days Per-
Highest | Lowest | average centage | difference | centage
daily of from of
mean average average average
°F. °F. °F. % %
England and Wales ... 60 9 +2-3 109 42 104
Scotland 58 —4 —0-8 146 +2 120
Northern Ireland 57 18 410 117 1 83
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RAINFALL OF DECEMBER 1955

Great Britain and Northern Ireland

Per Per
County Station In. | cent. | County Station In, |cent
of Av. of Av.
London Camden Square 2-03 | 8g | Glam. Cardiff, Penylan 596 | 119
Kent Dover ... 2-36 77 | Pemb. Tenby . 6-43 | 129
» Edenbridge, Falconhurst 312 95 | Radnor Tyrmynydd . 737 90
Sussex Compton, Compton Ho. | 4-88 | 116 | Mont. Lake Vyrnwy ... 8:58 | 122
s Worthing, Beach Ho. Pk. | 3-67 | 122 | Mer. Blaenau Festiniog 14°04 | 116
Hants. St. Catherine’s L’thouse | 5-23 | 165 | ., Aberdovey 449 | 94
» Southampton (East Pk.) | 4-20 | 115 | Carn. Llandudno " 352 | 121
v South Farnborough 2-58 | 89 [ Angl. Llanerchymedd 4-56 | 104
Herts. Harpenden, Rothamsted | 2-44 | 86 | I. Man Douglas, Borough Cem. | 6- 34 | 128
Bucks. Slough, Upton .. 2-13 | 85 | Wigtown | Newton Stewart . 570 | 105
Oxford Oxford, Radcliffe .. {309 | 126 | Dumf. Dumfries, Crichton R, I. 556 | 130
N’hants. Wcllmgboro Swanspool 2-0I 86| ,, Eskdalemuir Obsy. 8-07 | 115
Essex Southend, W. W, ..} 1-43 | 72| Roxb. Crailing... . 3-69 | 137
Suffolk F elxxstowe . 1-48 71 | Peebles Stobo Castle 515 | 136
» Lowestoft Sec. School 1-24 53 | Berwick | Marchmont House ... | 3:95 | 141
» Bury St. Ed., Westley H 148 | 61| E. Loth. | North Berwick Gas Wks. | 355 | 166
Norfolk Sandrmgham Ho. Gdns. | 1-87 74 | Midln. Edinburgh, Blackf’d. H. | 4-02 | 172
Wilts. Aldbourne .| 8:51 | 109 | Lanark Hamilton W. W,, T’nhill | 5-95 | 138
Dorset Creech Grange... 6:48 | 147 | Ar Prestwick o | 4°34 | 124
- Beaminster, East St. 6-08 | 127{ ,, Glen Afton, Ayr San. ... 941 | 147
Devon Teignmouth, Den Gdns. | 5:27 | 125 | Renfrew | Greenock, Prospect Hill | 9-19 | 123
» Iifracombe . .| 5°99 | 124 | Bute Rothesay, Ardencraig... | 8-11 | 149
s Princetown . 13:89 | 120 | Argyll Morven, Drimnin 8-34 | 106
Cornwall | Bude, School House 568 | 130 | ,, Poltalloch 8-39 | 132
" Penzance 8-19 | 144 , Inveraray Castle 14°03 | 141
» St. Austell .| 695|114 , Islay, Eallabus .. 7-02 | 118
» Scilly, Tresco Abbey .| 446 | 95 Tiree 6-29 | 120
Somerset | Taunton . .« | 5717 | 156 | Kinross Loch Leven Sluice 6-60 | 168
Glos. Cirencester . 3:86 | 111 | Fife Leuchars Airfield 4°35 | 176
Salop Church Stretton 3°49 | 99 | Perth Loch Dhu 14-81 | 147
s Shrewsbury, Monkmore | 2-20 g | ,, Crieff, Strathearn Hyd 6-98 | 156
Worcs. Malvern, Free Library... | 2-35 8| , Pntlochry, Fincastle 6-09 | 151
Warwick | Birmingham, Edgbaston 2:36 | 8o | Angus Montrose, Sunnyside ... | 5-01 | 180
Leics. Thornton Reservoir 1-60 | 6o | Aberd. Braemar 579 | 163
Lings. Boston, Skirbeck . 1-63 761 ,, Dyce, Cralbstone ... | 5-69 | 168
» Skegness, Marine Gdns 1°54 3 New Deer School Housc 6-01 | 176
Notts. Mansfield, Carr Bank ... | 2:-20 | 76 | Moray Gordon Castle .. .. | 535 | 199
Derby Buxton, Terracc Slopes 589 | 104 | Nairn Nairn, Acharendh ... | 4°51 | 220
Ches. Bidston Observatory 3:00 | 113 | Inverness | Loch Ness, Garthbeg ... | 7:-08 | 154
” Manchester, Ringway... | 3-35 | 110 | ,, Glenquoich .
Lancs Stonyhurst College 7.05 | 145 ,, Fort William, Tevnot .. |11-g9 | 118
' Squires Gate ... 331 | 106 ] ,, Skye, Broadford 12:13 | 135
Yorks. Wakefield, Clarence Pk. 2-78 | 114 | ,, Skye, Duntuilm 7-38 | 118
»» Hull, Pearson Park ... | 2-90 | 120 | R. & C. | Tain, Mayfield... 503 | 177
» Fehxklrk MLt. St. john 2:51 | 104 | ,, Inverbroom, Glackour... | 9-79 | 133
» York Museum ... .. | 269 | 120 ,, Achnashellach ... 13:22 | 139
’» Scarborough 3-96 | 166 | Suth. Lochinver, Bank Ho. 5+70 | 102
» Middlesbrough... 2-12 | 109 | Caith. Wick Airfield ... 4-86 | 158
’ Baldersdale, Hury Res 7°35 | 191 | Shetland | Lerwick Observatory ... | 4-86 | 101
Norl’ Newcastle, Leazes Pk.. 2-82 | 120 | Ferm. Crom Castle ... 3:92 95
» Bellingham, High Green 4:29 | 118 | Armagh | Armagh Observatory 4-13 | 132
» Lilburn Tower Gdns. ... | 4-54 | 193 | Down Seaforde . ... | 6:16 | 150
Cumb Geltsdale .- 4+03 | 105 | Antrim Aldergrove Airfield ... 393 | 115
v Keswick, High Hill 8:28 | 124 | ,, Ballymena, Harryville... | 4-34 | 98
» Ravenglass, The Grove | 5-05 | 110 | L'derry Garvagh, Moneydig 507 | 126
Mon, A’gavenny, Plas Derwen | 7:47 | 152 | ,, Londonderry, Creggan | 3-98 | o1
Glam. Ystalyfera, Wern House | 8-88 | 106 | Tyrone Omagh, Edenfel ... 547 | 129
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APPLICATION OF RADIATION AND LAG CORRECTIONS TO
TEMPERATURES MEASURED WITH THE METEOROLOGICAL
OFFICE RADIO-SONDE
By F. J. SCRASE, Sc.D.

In a previous paper! the writer described a method of deriving the radiation
errors of the Meteorological Office radio-sonde from the rates of absorption of
radiation and loss of heat by forced convection by the temperature element and
its shield. The purpose of the present paper is to describe the practical applica-
tion of the method to the routine measurements of the upper air temperature.

The simplified expression for the temperature error is

S — T = Q —k s (1)
q dt

where T is the true air temperature, S the observed temperature, Q the
radiation absorption rate, ¢ the heat transfer coefficient and £ the lag coefficient
or time constant (which is equal to C/g, where C is the heat capacity of the
thermometer). The expression is simplified since each of the terms on the
right-hand side should represent the separate effects of the thermometer
element and its radiation shield. There are a number of factors which affect
0, ¢ and %, and therefore the temperature errors, but which do not vary
systematically. These are the absorption factors of the temperature element
and its shield, the albedo of the earth, clouds and air below the radio-sonde,
the rate of ascent and the swinging of the radio-sonde. All these may vary
from one sounding to another but it is impracticable in routine work to take
full account of the variations. The best that can be done is to adopt values
which are representative of average conditions.

Variable factors affecting the errors.—Absorption factors.—The value of
the absorption factors used in the previous paper! were obtained from
laboratory measurements of random samples of the temperature elements and
shields. So long as the materials and surface finish at present specified for their
components remain unchanged the values for individual radio-sondes will not
differ much from these values.

Albedo.—The radiation absorbed by the temperature unit after reflection
from earth and cloud surfaces is roughly 25 per cent. of the total absorption.
Variations in the albedo may therefore be quite significant. For example, a
change of o1 in the albedo alters the radiation error by about 7 per cent.,
except at low solar altitudes where the effect is smaller. It is not practicable to
estimate the albedo for individual soundings since, quite apart from the
difficulty of estimating the amount of cloud visible from a radio-sonde, the
measured albedos of apparently similar clouds are known to vary greatly.



The problem of the best value of the albedo to adopt has been facilitated by
making estimates of the average albedos for each of the Meteorological Office
radio-sonde stations. These estimates were obtained by taking the following
average albedos of cloud, atmosphere and surface, based on the work of Fritz2:

Cloud ... o-53 Air over cloudless area ... o-11
Land ... o-15 Air over clouded area ... o0-05
Water ... o0-0g9

The relative contributions were then assessed from the annual mean cloud
amounts and the proportions of land and sea visible from a radio-sonde at a
height of 20 Km. and a distance of 50 Km. from its station in the prevailing
wind direction. The results are given in Table I. They fall into two groups,
the higher-latitude stations with an average albedo of 0-48 and the lower-
latitude stations with 0-34. It is satisfactory to note that G. D. Robinson3,
using an independent method bhased on the surface measurement of radiation
at Kew, obtained an average of 0-455 for south-east England, which may be
compared with the figure 0-47 for Crawley in Table I. In view of the wide
variations in cloud amount from day to day it is not considered worth while
adopting different values for the two groups of stations. A single value of 0-40,
instead of the o0-35 of the previous paper!, has therefore been adopted for
Meteorological Office stations.

TABLE I—ESTIMATES OF ALBEDO AT METEOROLOGICAL OFFICE RADIO-SONDE

STATIONS

Relative area

“seen’ from Contributions to

20 Km. height albedo Total

albedo
Cloud Land Sea [Cloud Land Sea Air

Camborne... 50-2°N.  5-3°W. [ o0-70 0-18 o0-12 [ 0-37 0-03 o0-01 0-07 | 0-48
Crawley ... 51-1°N.  0-1°W. | 068 o022 0-10 | 0-36 0:03 0:01 0-°07 ]| 0-47
Hemsby ... | 52-6°N. 1-7°E. 0-71 0-15 0-°14 | 0:38 0-02 0-01 0-07]| 048
Fazakerley 53°5°N.  2:9°W. | 0-70 024 0-06[0-37 0:04 001 0:07| 049
Aldergrove 54°7°N.  6:2°W. [ 0-70 0-18 o0-12 | 0-37 0:03 o0-01 0-07 | 0-48
Leuchars ... 56-4°N.  2:9°W. | 0-67 o010 0-23]0°35 0-01 0'02 0-°07 | 045
Stornoway 58-2°N.  6-3°W. [0-77 009 014|041 0'01 0-01 0-06| 049
Lerwick ... 60:1°N. 1-2°W. | 0-78 0:07 015|041 0-01 0-01 006 | 0-49
ows. I .. [59-0°N. 19-0°W. [ 0-79 0-00 0-21 |0-42 000 0:-02 0-06 | 0-50
ows.J .. 52:5°N. 20:0°W. } 0:77 0-00 0:23 | 041 0'00 0'02 0:06 | 0-49
Mean 0-73 012 0-15] 038 0-02 0-01 0-07 | 048
Aden 12-8°N. 45-0°E. 0:30 0°49 o0-21 ]| 0-16 0'07 0-02 0-09 | 0-34
Bahrain ... 26-3°N. 50-6°E. 020 048 o0-32 | o011 007 0-03 o0-09 | 0-30
Benina ... | 32-1°N. =20-3°E. 035 0:39 0-26 | 019 0-06 0-02 0:09 | 0-36
Habbaniya 33-4°N. 43-6°E. 023 0-77 0°00| 012 0°11 0-00 0-09 | 0-32
Malta 33-8°N. 14-5°E. 0:39 024 ©0-37 | 0'21 0-04 0'03 0-08 | 0-36
Nicosia ... | 35-1°N. 33-3°E. 0°30 0°42 028 | 0-16 ©0-06 0-03 o0-09 | 0-34
Gibraltar ... 36-1°N.  5:3°W. | 0-41 0'35 0-24|o0-22 0:05 002 0-08]|o0-37
Mean 0°31 0°45 0°24 | 017 0-06 0-02 0-:09 | 0-34

Rate of ascent.—The radiation error varies inversely as the square root of the
rate of ascent of the radio-sonde, except in the lower levels where the error is,
in any case, small. The rate of ascent normally used at present averages
6 m./sec. (1,200 ft./min.), but there is a standard deviation of 7 per cent. which
therefore gives a corresponding variation in the radiation error of §-5 per cent.
There is generally, also, a systematic change with height with a maximum at
the tropopause which may be 15 per cent. greater than near the ground or high
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in the stratosphere. For the purpose of computing the radiation and lag
corrections the rate of ascent of 6 m./sec. has been adopted, but if for special
purposes a very different rate is used the appropriate corrections can be
obtained by multiplying the standard corrections by the square root of the
ratio of the standard rate of ascent to the actual rate.

Swinging of radio-sonde.—In the previous paper! it was assumed that the
average half-amplitude of swing of a radio-sonde from the vertical is 30°, and
graphs were given showing the effect of this on the amounts of direct solar
radiation absorbed by the thermometer element and its shield for solar
altitudes between 0° and go°. No allowance was made, however, for the fact
that at solar altitudes below 30° the swinging of the radio-sonde allows some
direct radiation to enter the bottom of the shield where it is reflected on to the
thermometer element. The effect of this, which is relatively large at solar
altitudes below 20°, has now been taken into account in calculating the total
radiation absorbed, the revised figures for which are given in Table II and
supersede those of Table 4 of the previous paper.

TABLE II—RATE OF ABSORPTION OF RADIATION
Solar altitude (k)

—5° 0° 10° 20° 30° 40° 50° 60° 70° 80° go°
1073 X calories per second
Shield
Direct solar (Q) - | 447 489 543 575 597 594 543 470 422 405 415
Reflected from below (Q m) o o 37 72 106 137 161 182 198 205 211

Q_“
Emitted from below (Q,) 8 8 8 8 8 8 8 8 8 8 8

Total (Q s 455 497 588 655 711 739 712 660 628 618 634
Element

Direct solar (Q4) 6-0 53 4'5 43 41 64 78 8-1 94 111 12-2

Reﬂectedfrombelow(Qm) o0 00 08 15 2:3 29 34 38 42 44 46

Emitted from below (Q_1 05 05 0-5 0'5 0'5 0'5 05 05 0°5 05 O0°§

Total (Q.) . 65 58 58 63 6:9 9-8 11-7 12:4 14-1 16-0 17-3

The intensity of solar radxatxon is taken to be 0-032 cal. cm.~%sec.!
The figures for the reflected radiation are for an albedo of 0-40 and those for long-wave
radiation emitted from below refer to a surface at 288°K. with the radio-sonde at 220°K.

Revised values of radiation errors.—In re-evaluating the radiation
errors the following values of the various factors were adopted:

Absorption factor of temperature element for short waves ... 067
Absorption factor of temperature element for long waves ... 0-18
Absorption factor of radiation shield for short waves ... ... 0°33
Absorption factor of radiation shield for long waves ... ... 0°03
Albedo of earth, cloud and air ... ... 0740
Rate of ascent ... . ... 6m./sec.
Half-amplitude of swing of rad10 sonde .. 30°

Intensity of solar radiation at the top of the atmosphere .0 032 cal./cm.2[sec.

Apart from the albedo these values are the same as were used in the previous
paper!. The heat-transfer coefficients, ¢ of equation (1), are also the same as in
Table g of that paper. For the reasons already given the rates of absorption Q
differ from the earlier estimates, and the new values glven in Table II for the
thermometer element and the shield have been used in obtaining the revised
values of the radiation errors from Q/g. Since the values of Q assume the
intensity of solar radiation to be that at the top of the atmosphere, use has again
been made of a diagram provided by Viisala® to allow for depletion of the solar
radiation by absorption and scattering before it reaches the radio-sonde. This
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diagram gives the radiation intensity in terms of true solar altitude, and height
as a percentage of the intensity at the top of the atmosphere, and it takes into
account refraction of the sun’s rays. Different factors should be applied to the
direct radiation Q, at the height of the radio-sonde and to the reflected
radiation Q ,, at the height of the reflecting surface, which in most cases will be
partly cloud and partly the earth’s surface. It has not, however, been thought
worth while attempting to make this differentiation and the radiation errors
have, therefore, been reduced by the factor corresponding to the height of the
radio-sonde. The effect of this simplification is generally to increase the
errors by about 4 per cent. but it is offset by errors of opposite sign caused by the
effect of downward-scattered sky radiation which hasnot been taken into account.

The radiation errors have been computed in this manner for every 5 Km.
height and for true solar altitudes (measured above the horizontal plane) at
one-degree intervals from —5° to 0°C., at five-degree intervals from 0° to 40°C.
and at ten-degree intervals from 40° to 9o°C. The results are plotted in Figs.
1(a) and 1(b) and the international standard pressure levels are indicated on
the graphs. Table III gives corrections derived from the graphs at these
pressure levels. It should be emphasized that since these errors relate only to
the first term of the right-hand side of equation (1) they do not take account of
the fact that the full radiation effect is reduced by the lag of the thermometer
unit in responding to it.

Effect of thermometer lag.—The error arising from the lag of the ther-
mometer unit is represented by the last term of equation (1). The rate of
change of indicated temperature, dS/dt, on which it depends may arise partly
from the change due to the radiational heating, if the sounding is in daylight,
and partly from the change of air temperature with height. Since, in general,
kdS/dt is small compared with the full radiation error Q/q, equation (1)

approximates to
dR dT
S_T_R_k<dt+dt>, ...... (2)
where R is substituted for Q[¢g. The term kdR/d! is the lag in the response to
radiational heating whereas kd7/dt is the lag associated with the change in air
temperature.

Since kdR/dt can be written as kVdR/dz, where z is the height and V the rate
of ascent, it can be readily evaluated from the slopes of the curves of Fig. 1
and the values of k£ appropriate to the standard rate of ascent of 6 m./sec. and
the height. The values of £ given in the previous paper have been used; they
are as follows:

Height (Km.) ... o 5 10 15 20 25 30

k (sec.) ... e 774 9°5 129 20 33 54 97
The values so obtained for the lag corrections to the radiation errors are given
in Table IV. They are less than 0-1°C. at levels below 110 mb., but at 10 mb.
they are large enough to reduce the radiation errors by about 10 per cent.

The last term in equation (2), which may be written as kVdT/dz, represents
the ordinary lag error of a thermometer following a uniform change of air
temperature. Table V gives corrections for this error when the change results
from the radio-sonde ascending at 6 m./sec. in temperature gradients of
—6°C./Km. in the troposphere and 1°C./Km. in the stratosphere. Corrections
for other gradients are in proportion to their magnitude. These lag corrections,
unlike those for the radiation errors, apply by night as well as by day.
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It should be noted from equation (1) that combined lag corrections for the
radiation effect and for changes in air temperature at any part of a sounding
can be evaluated as the product of the lag coefficient and the rate of change of
indicated temperature. It is preferable to adopt this procedure for correcting
observations in the stratosphere, but for the troposphere, in which the lag in
radiation error is negligible and in which a lapse rate of 6°C./Km. is sufficiently
representative of nearly all conditions, the use of Table V(a) is to be preferred.

TABLE V—LAG CORRECTIONS FOR CHANGES IN TRUE AIR TEMPERATURE WITH

HEIGHT
(a) Troposphere (b) Stratosphere
Correction for assumed* Correction for assumed*
Height lapse rate of 6°C./Km. Height inversion of 1°C./Km.
at a rate of ascent of 6 m./sec.
mb. °C. mb. °C.

95-109 —o0-8 10 0-7
110-139 —0-7 20 04
140-18g —0°'6 30 0-3
190289 —0-5 40-80. 0-2
290-509 —0-4 90-200 0-1
510—1050 —0-3

* Corrections for other temperature gradients are in proportion to their magnitude. The sign
of the corrections is negative for temperature lapse and positive for inversion.

Lag errors at discontinuities.—The errors, due to lag, in determining
the height and temperature at a discontinuity can be evaluated in the following
way. Let the true air temperature at a discontinuity where there is a sudden
change of temperature gradient d7/dz from A to B be Ty, so that air tempera-
tures below and above the discontinuity are given by (7, + Az) and (T4 + Bz),
where z is height measured from the discontinuity and is therefore negative
below, and 4 and B are negative for lapses. Then, in accordance with the last
section, the temperature indicated by the radio-sonde at the true height of the
discontinuity is (7; — kVA). Above that height it is governed by the relation

ds
W =Ti+Bz-S8, ... (3)

the solution of which is

S=T;+ Bz —BkV+kV(B—A)ed* ..., (4)
When, as in (a) of Fig. 2, there is a change of sign of temperature gradient at
the discontinuity, the latter can best be recognized in the graph of the observed
temperatures as the point, at z; say, where dS/dz is zero. Differentiation of
equation (4) then shows that the error in the indicated height is given by

z; =kVieg. 1 — 4/B). ..., (5)

At the indicated height the radio-sonde temperature §; and the air temperature
are the same, i.e. Ty + Bz;. The difference, Bz,, between this temperature and
the air temperature T, at the true height of the discontinuity is, therefore,
BkVlog, (1 — A/B).

For a tropopause at 10 Km. at which, for example, there is a change from a
lapse rate of 6°C./Km. to an inversion of 1°C./Km. the height error for
V =6 m./sec. and k = 13 sec. is + 150 m. and the temperature error is
+ 0-15°C. For a sharper tropopause with an inversion of 6°C./Km. the
corresponding errors are + 54 m. and + 0-3°C. At inversions near the
ground, where £ is about 7 sec., the errors are roughly half these values.
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FIG. 2—ERRORS DUE TO LAG, IN HEIGHT AND TEMPERATURE OF A DISCONTINUITY

At a discontinuity, such as that illustrated in (&) of Fig. 2, where there is no
change in sign of the temperature gradient the fact that dS/dz does not pass
through zero, together with the smoothing effect of the lag, makes it difficult to
determine precisely the observed height of the discontinuity. It could be
specified in terms of a particular value, D, of dS/dz, such as a lapse rate of
2°C./Km. In that case by differentiation of equation (4)

D=B— B—A)eHv, ... (6)
giving the height error

zy =kVlog. (A — B)/(D—B). ... ... (7)
For a tropopause at 10 Km. separating lapse rates of 6° and 1°C./Km. this
amounts to + 125 m. and the temperature, S, in Fig. 2(b), exceeds the true
tropopause temperature by 4 0-03°C. Such a discontinuity, however, is
probably more readily recognized in the observations as the point S5 where the
gradient is the mean of 4 and B. In this case equation (6) shows the height

error to be kVlog.2, which for the above example amounts to + 54 m., the
temperature error being + o0-22°C.

It follows from the expressions for the straight portions of the graphs o
indicated temperatures in Fig. 2, where the exponential changes have become
negligible, that they intersect at the true temperature of the discontinuity and
at a height kV above it. It is doubtful, however, whether in practice the

temperature gradient remains constant long enough to make this procedure
practicable.
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The temperature and height errors at discontinuities, though systematic, are
not very important in individual cases since with radio-sonde readings at
intervals of about 150 m. the discontinuities can hardly be determined to a
higher accuracy than this.

Application of corrections to Meteorological Office observations.—In
1953 the World Meteorological Organization recommended that all radio-
sonde observations should be corrected for radiation errors on the basis of the
best information available. In accordance with this recommendation the
radiation corrections of Table III, adjusted if necessary for departures from
the standard rate of ascent, are being applied to upper air temperatures
observed at Meteorological Office radio-sonde stations at home from
February 1 and overseas from March 1, 1956. For climatological purposes the
observations made in January will also be corrected. In addition the lag
corrections of Table V(a) are being applied as standard corrections to all
observations in the troposphere. For observations in the stratosphere correc-
tions derived from the rate of change of indicated temperature and the
appropriate lag coefficient are applied when a temperature gradient departing
from isothermal is maintained over a sufficient depth to render the corrections
significant in the computation of the heights of pressure levels.
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METEOROLOGICAL OFFICE PRACTICE FOR THE APPLICATION
OF RADIATION AND LAG CORRECTIONS TO TEMPERATURES
MEASURED BY RADIO-SONDE MK IIB
By C. L. HAWSON, B.A.

Methods have been devised by Scrase!'? for evaluating the temperature errors
of the Meteorological Office radio-sonde Mk IIB arising from the effects of
solar radiation and of thermometer lag. Corrections, for these errors are now
being applied at all Meteorological Office radio-sonde stations. For synoptic
messages the corrections were introduced from February 1, 1956 at home
stations and in ocean weather ships, and from March 1, 1956 at Meteorological
Office stations overseas. For climatological purposes the corrections were
applied from January 1, 1956 at all stations. The purpose of this note is to
outline the methods adopted for applying the corrections on a routine basis.
These methods, which have been evolved by the staff of the Upper Air
Observations Branch of the Meteorological Office, effect a balance between the
conflicting requirements for a minimum increase of computation time, and for
as high an accuracy as practicable in the determination of the heights of the
standard pressure surfaces.

Basic radio-sonde observations.—In the Meteorological Office radio-
sonde system the frequency of an audio modulation of a radio carrier is
measured and plotted against time. The frequency of this audio modulation is
controlled successively by the pressure, temperature, and humidity elements
of the airborne transmitter. Thus at the ground station the initial record

75



consists of a series of observations of frequency plotted against time, which fall
naturally into three separate curves corresponding to the variations of the
three atmospheric parameters. Time is recorded to the nearest 3 sec. and
frequency to the nearest } c./sec., corresponding in the case of temperature to
approximately $°C. The combined lag and radiation corrections, determined
for each computed temperature observation as described below, are rounded
off to the nearest }°C. before they are applied.

Radiation corrections.—Before the ascent the times at which the sun will
pass through certain chosen values of true solar altitude at the particular station,
during the flight, are derived by means of the tables given in “Sight reduction
tables for air navigation’3 and The abridged nautical almanact. The values of true
solar altitude chosen for this purpose are those intermediate to the values given
in the heading of Table III of Dr. Scrase’s paper on pp. 70-1. A series of time
intervals during each of which a particular column of Table III is applicable
is thus obtained, and can be readily related to the time used in the frequency/
time plot, i.e. to the time of any part of the ascent. No adjustment of the solar
altitude to allow for the down-wind drift of the radio-sonde during the flight
is attempted. This drift can readily introduce solar-altitude errors of the
order of $° but the corresponding radiation errors are less than 0-2°C.; except
in a few instances, principally when small negative values of solar altitude are
experienced at altitudes above about the 100-mb. level.

The radiation correction for each computed temperature observation is
initially determined from Table III. The times at which the temperature
observations are made are used to determine both the appropriate pressure
lines and the appropriate solar-altitude columns of Table III. The values of
the radiation corrections are read directly without interpolation. When the
departure of the actual rate of ascent from that assumed in computing the
table would introduce a change of more than 0-:2°C. in the value of the
radiation correction, each correction is adjusted using the formula given by
Scrase. For this purpose rates of ascent determined by measuring the times
taken to ascend through 3-Km. layers are normally employed. The methods
of selecting the 3-Km. layers and applying the adjustment are both graphical,
but introduce no significant inaccuracy beyond that inherent in the basic
pressure observations®.

Lag corrections.—Lag corrections depend directly on the lag coefficient
of the thermometer and upon the rate of change of temperature experienced
with time. The former increases fivefold as the pressure decreases from 1000 to
50 mb. The latter is unique for each sounding, changing frequently in
magnitude and less frequently in sign. It is indicated, to the first order by
the rate of change of temperature frequency with time. To apply lag corrections
based upon all the detailed rates of change of temperature observed on each
individual sounding would involve a considerable increase in the time required
to compute the sounding. Therefore, in order to expedite computation, the
sounding is divided into broad sections or régimes, each naturally defined by
the general slope of the observed temperature-frequency/time plot, and the
mean value of this slope over each section is taken as a common value for all
temperature observations in the section.

The first section chosen normally extends from the ground to the first tropo-
pause. In this régime the lag coefficients are so small that a standard lapse of
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6°C./Km. coupled with a standard rate of ascent of 6 m./sec. is assumed instead
of the observed lapse. The consequent inaccuracy introduced into the lag
corrections, when meaned over the section, rarely exceeds 0-1°C. In this first
régime, therefore, the standard lag corrections of the appropriate pressure
ranges of Table V(a) on p. 73 are used for each temperature observation, no
adjustment for the observed lapse rate being attempted. The extent of the
first section is occasionally varied as to its upper limit, either when the first
tropopause is not readily apparent, or has not been encountered up to a height
corresponding to g5 mb.

Sections subsequent to the first are normally in the stratosphere. Here the
lag coeflicients are larger than in the first section, and although the overall
lapse rate approximates to isothermal, local departures occur which can be
maintained over a sufficient depth to render the lag correction significant in the
computation of the heights of the standard pressure levels. In each of these
subsequent sections therefore, the observed mean slope of the temperature-
frequency/time plot and the appropriate pressure value are used to determine
the lag correction for each temperature observation. The actual determination
is carried out graphically, assuming a constant factor for the conversion of
temperature-frequency changes to degrees Celsius. Actual values of this
factor have a standard deviation of approximately 11 per cent. of the assumed
constant value, and the errors involved in the assumption are directly reflected
in the derived corrections. Thus the lag corrections employed embody an
error with a standard deviation of approximately 11 per cent. of the value of the
correction. In practice this error rarely reaches o-2°C. except in very shallow
layers and introduces inaccuracies of the order of 1 m. in the computation of the
heights of the standard pressure surfaces above the first tropopause.

The routine methods of application of the lag corrections, although rarely
introducing significant inaccuracies into the computed heights of the standard
pressure surfaces, can introduce appreciable error in the temperature at
individual levels, e.g. in a tropospheric inversion. In the troposphere these
errors in any particular case can be assessed by the user if required. The lapse
rates as reported are representative of the true rates of change of temperature
to the first order and corrections appropriate to these lapse rates can be
derived from Table V(a) on p. 73 by applying the ratio

actual change
standard assumed change (6°C./Km.)

and choosing the appropriate sign. These can then be compared with the
standard corrections. For example at 400 mb., for a temperature observed in a
region of lapse rate 7°C./Km., the appropriate correction is —o-5°C., whilst
for a temperature observed in an inversion of 6°C./Km. the appropriate
correction is +0-4°C. The standard correction is —0-4°C. Thus the tempera-
ture corrected by the routine method is 0-1°C. too warm or 0-8°C. too cold
respectively. In the stratosphere similar errors occur when the rate of change
of temperature departs from the mean employed for the particular section,
these errors however cannot be readily determined without reference to the
original computation.

The temperature errors at individual levels arising from the simplified
application of lag corrections are normally unimportant®, and although they
could be eliminated at the radio-sonde stations to do so would incur a delay to
the reported message quite disproportionate to the gain in accuracy.
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TRANS-ANTARCTIC EXPEDITION, 1955-58
By R. H. A. STEWART, B.Sc.(Tech.)

The aim of this expedition, under the leadership of Dr. V. E. Fuchs, is to cross
the Antarctic continent from the Weddell Sea to the Ross Sea and to carry out
a full programme of geophysical research, including meteorology and
glaciology. Articles by Dr. Fuchs and by the leader of the New Zealand Party,

Sir Edmund Hillary, describing the expedition are appearing exclusively in
The Times.

The main base was set up at Vahsel Bay (78°S. 35°W.) in January 1956,
and a full meteorological programme will start as soon as the base is established.
Surface observations will be made at all the synoptic hours and more frequently
when air operations are in progress. It is expected that the observations will
be transmitted to Stanley, Falkland Isles, for inclusion in collective broadcasts,
and possibly to Cape Town also. The base will have a radio-sonde station and
a daily ascent will be attempted. This will yield measurements of temperature,
pressure and humidity up to perhaps 10 miles. Upper winds will be measured
by pilot balloon whenever conditions are favourable. In addition a programme
of radiation and glaciological measurements has been planned. The radiation
work will consist of obtaining continuous records, by a bimetallic recorder, of
short-wave radiation received on a horizontal surface together with the
measurement, on selected occasions, of the vertical flux of total short-wave and
long-wave radiation.

In March 1957, an additional station will be established 300 miles inland
from Vahsel Bay at an altitude of about 8,000 ft. This will be manned until
November 1957, and during this time synoptic observations and possibly
pilot-balloon ascents will be carried out.

Most of the equipment will be of standard Meteorological Office pattern, but
the low temperatures likely to be encountered have raised a number of problems
of instrument design and operation, many of which will only be solved by
experience. Screen temperatures down to —80°F. may be experienced and
low-range thermometers, including mercury/thallium maximum thermometers,
will be used. Wind-driven snow frequently makesit almost impossible to maintain
proper ventilation through a Stevenson screen, and although many devices
have been tried, a satisfactory answer has not yet been found. The expedition
will be testing a new type of screen designed by the Meteorological Office in
yet a further attempt to solve this problem.

Hydrogen generation for balloons is another question which has been given
much consideration. Hydrogen in cylinders cannot be taken as the amount of
useless weight is too great. Some types of chemical generator have also been
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ruled out owing to the volume of water that they require. Water in its liquid
form is a rare and valuable item in the Antarctic, and can only be produced
by the expenditure of much valuable fuel. It is intended to try both low-pressure
and high-pressure generators, using ferro-silicon and caustic soda, and requiring
not more than five gallons of water for each charge.

Weather conditions in winter are frequently such as to make outdoor
observation both difficult and dangerous. With this in mind distant-reading
instruments for wind, temperature and humidity are being provided at the
coastal station, and for wind and temperature at the inland station.

The expedition will initially include three meteorologists, one former member
of the staff of the Meteorological Office (Mr. R. H. A. Stewart), one South
African meteorologist (Mr. J. J. Le Grange), and one present member of the
staff of the Meteorological Office (Mr. P. H. Jeflries).

It is hoped that at least one meteorologist will be a member of the party
which, between November 1957 and March 1958, will attempt the continental
crossing.

Reprinted, except for omission of less technical material, from The Times.
World Copyright reserved.

MINIMUM TEMPERATURES AND TOPOGRAPHY

IN A HEREFORDSHIRE VALLEY
By E. N. LAWRENCE, B.Sc.
Introduction.—One of the chief methods of minimizing frost damage to fruit
crops is by means of careful siting of orchards. In April and May 1954 an
attempt to assess the frost risk!'? of a site at Long Orchard, which is about
half a mile to the south-south-west of Much Birch, near Hereford (see photo-
graphs in the centre of this magazine) has produced some interesting micro-
climatological data relating minimum temperature to topography, mainly
surface contours.

Data.—Eight minimum thermometers (of the sheathed spirit type) with
white painted shields, attached to vertical posts at a height of 4 ft. above the
ground, were distributed as shown in Fig. 1. Four of these thermometers
(numbers 5, 6, 7 and 8) were placed at height intervals of 10 ft. along a “trough”
line, i.e. in a valley at points of approximately maximum curvature of contours,
while the other four thermometers (numbers 1, 2, § and 4) were placed along a
roughly parallel line on the side of the valley, where the contours were approxi-
mately straight, and so that thermometers 2, § and 4 were at the same heights
as thermometers 8, 7 and 6 respectively.

All readings quoted are actual readings, but to compare with screen
minimum temperatures it is estimated that o-9°F. must be added to the
readings of weeks 1—4 (April 2—29) and 0-8°F. to the readings of weeks 5-8
(April g0-May 27) to allow for instrumental differences. The field under
consideration was sown with crops as shown in Fig. 1. The progress of crop
growth is given in Table I.

During the month of May the change in height of the crop and percentage
ground cover made analysis difficult, but during April the percentage ground
cover, even at the end of the month, did not exceed 15 per cent. Thus the
analysis refers primarily to April readings. April 1954 was an anticyclonic
month. The average pressure (April 2-29) was about 1024 mb. as compared
with a long-term mean of 1013—~1014 mb., and the rainfall in the area was only
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FIG. I—CONTOURS, LAYOUT AND SURROUNDINGS OF EXPERIMENTAL FIELD

A First sowing peas
C  Second sowing peas
E Fourth sowing peas

The positions of the thermometers are indicated by numbers

0-2 in., so that night minimum temperatures below average might have been
expected. The differences between the 1954 value of the average minimum
temperature and the long-term average, together with the corresponding
“anomalies” in the weekly spread coefficient (i.e. average weekly minimum
temperature minus extreme weekly minimum temperature), are given in

B Third sowing peas
D Potatoes

Table II.
TABLE I—STATE OF CROP GROWTH ON THE EXPERIMENTAL FIELD
1st sowing 3rd sowing and sowing 4th sowing
peas peas peas peas
Thermometers | Thermometer | Thermometers | Thermometers Potatoes
1,28 7 3,6 4 5
Height Ground| Height Ground| Height Ground| Height Ground| Height Ground
of crop cover | of crop cover | of crop cover | of crop cover | of crop cover
in. % in. % in. % in. % in. %
April 2 1 Neg- Bare soil Bare soil Bare soil Bare soil
ligible
April 9 2 Neg- Bare soil Bare soil Bare soil Bare soil
ligible
May 2 8 15 1 Neg- 4 5 1 Neg- Just Neg-
ligible ligible | appear- ligible
ing
May 8 Peas (2—9in.) Neg- Neg-
ligible ligible
May22 | 12 75 4 10 12 50 9 40 46 7
May 31 18 90 5 30 18 70 15 60 6-18 13
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TABLE II-—ANOMALIES OF MEAN TEMPERATURE AND SPREAD COEFFICIENT
IN APRIL 1954

1954 average minus long-term average

Minimum temperature ~ Weekly spread coefficient

degrees Fahrenheit
Ross-on-Wye —2-1 —o0-g
Parkend —3:0 —1-3
Malvern —2-2 —0-1
Droitwich —3-8 —15
Stratford-on-Avon ... —4-1 —0°9

To assess the frost liability of the site at Long Orchard, these values were
plotted on a map in order to obtain a measure of the April 1954 anomaly at
Long Orchard, there being no single ‘“standard” meteorological site in the
same climatological régime as the site being assessed. This measure was used
to “adjust” the Long Orchard observations, which were then smoothed (as
described in an earlier paper?) to obtain the long-term average minimum
temperature and long-term average spread coefficient for Long Orchard, and
hence the frost frequency?.

Results.—The temperature measurements are shown in Table III.

TABLE III—AVERAGE WEEKLY AND EXTREME WEEKLY MINIMUM

TEMPERATURES

Thermometers
Minimum 1 2 3 4 5 6 7 8
temperature | (427 (417 (407 (397 (387 (397 (407 (417
fr.) ft) ft) ft) ft.y  ft.)  ft.)  ft)

1954 degrees Fahrenheit
Week 1 Average 36:8 37°7 373 37°5 36°5 37°6 37:6 36-9
Apr. 2-8 Extreme 30-8 320 31-8 30-1 28-2 30-4 30°'5 30°4
Week 2 Average 350 368 36-9 35'9 348 35-1 356 34-6
Apr. g-15 Extreme 30-8 33-0 32:8 331 30-2 209 30'5 29°'4
Week 3 Average 358 366 36-8 36-6 35-4 35'6 36-2 358
Apr. 16-22 Extreme 31-8 32-5 32-8 321 302 31-4 32°5 3I1'4
Week 4 Average '35°2 35°9 35'8 358 348 34-7 35'3 351
Apr. 23-29 Extreme 293 30:0 30°3 30°1 29'7 28-9 29-0 20-4
Week 5 Average 379 38:6 38-7 390 378 37-2 38-9 378
Apr. 30-May 6 Extreme 32:8 330 32:8 33-1 g32-2 31-4 320 3I-Q
Week 6 Average 39:8 41-0 420 413 38-7 385 397 39'5
May 7-13 Extreme 33°3 35°0 348 346 322 31-9 330 324
Week 7 Average 42°2 423 42'9 431 42°3 40°8 42-5 42-4
May 14-20 Extreme 35'8 36-0 36-3 366 362 344 36:0 35°9
Week 8 Average 44'5 45°3 45°2 454 44°1 42°5 44°1 44°3
May 21-27 Extreme 40°3 42-°5 42'9 431 402 38-4 40-0 39‘9
Week 1—4 Average 35-7 367 36-7 36°5 354 357 362 356
Apr. 2—29 Extreme 30-7 31-9g 31-9g 31-3 29°6 30-1 30:6 301
Week 5-8 Average 411 418 42-2 422 40°7 397 41°3 41°0
Apr. 30-May 27 Extreme 35°5 366 36-7 36-9 35-2 34°0 35°3 350

Consider the period April 2-2g9 (i.e. weeks 1—4) and the three pairs

thermometers:—

Thermometers 2 and 8 at 417 ft., both on first sowing of peas.

Q
i)

Thermometers 3 and 7 at 407 ft., on the second and third sowing of peas,
respectively.

Thermometers 4 and 6 at 397 ft., on the fourth and second sowing of peas,

respectively.

81



The three “bank’ sites at 2, 3 and 4 were warmer than the corresponding
“trough” sites at 8, 7 and 6 respectively. The average excess temperature was
0-8°F., but 1-1°F. for the anticyclonic nights of April 7, 8, 9, 10, 14, 16, 21,
24, 25, 27 and 29, 1954. The three “trough” sites had greater weekly spread
coefficients (weekly average minus weekly extreme) than the corresponding
“bank’ sites. The average excess temperature was o-6°F.

These results suggest that points on concave contours have lower average
minimum temperatures and higher average spread coeflicients (and hence are
frostier) than points on straight contours, other things being equal. A similar
result at 40 cm. above the ground was obtained by Geslin?, who examined the
period April 12—20 (which did not include any typical radiation nights) and the
frosty night of April 29-30, 1951, in Champagne vineyards. He found that
broadly speaking the isopleths of minimum temperature followed the contours,
but that for places at the same level the minima were higher on “crest” lines
than on “trough” lines. This phenomenon may be explained by the thicker or
deeper cold air flow in the trough due to convergence and canalization of the
katabatic flow. If the flow were generally a shallow one, convergence and
canalization could lead to stronger wind velocities in the trough than on the
bank*, and hence to greater mixing of the shallow cold-air layer with that at
thermometer level.

It may be noted here that the generally steeper and more southerly and
sheltered aspect of the thermometers 8, 7 and 6 would normally produce a
higher day temperature. Furthermore, the smaller night wind (on radiation
nights) over thermometers 2, 3 and 4, would encourage inversion conditions.
Both these factors would tend to give lower minimum temperatures on the
bank sites, which is contrary to observation.

The thermometer at point 1 appears to give a reading lower than might have
been expected from considerations of height and shape of contour. This may
be due to the proximity of the upslope field of blackcurrants (height g ft. 6 in.
to g ft. g in., cover g5 per cent.) which would tend to form a radiating surface
immediately upslope at about the same height as the thermometers (i.e. 4 ft.).
The grassed bush apple (see Fig. 1) may have had a similar effect, possibly
emphasized by the grass. Also, both these crops may have encouraged inver-
sion conditions (low minimum temperatures) by acting as an obstruction to
wind. All three thermometers (1, 2 and 8) on the first sowing appear to give
temperatures a little lower than might have been expected from considerations
of height. This could be due to the slightly higher radiating surface and its
slightly greater frictional reduction of wind.

Ignoring the three thermometers on the first sowing, the remaining ones
give an average-minimum-temperature increase with height of 1°F./g0 ft.
and an average-weekly-spread-coefficient decrease with height of about
1°F./50 ft. For the previously mentioned 11 radiation nights, the rate of
increase in average minimum temperature with height was 1°F./20 ft. On a
particular night, the rate may vary considerably from point to point, and
from his results Geslin suggested that the accumulation of cold air in frost
hollows tends to equalize temperatures below the level of the surface of the
“lake” of cold air.

The data obtained by Geslin were supplemented by observations of damage
to vines, and he found that for a given night minimum temperature, the
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damage was less on hills than in valleys. This, he explains, could be due to the
longer duration of the minimum temperature in valleys. Another important
contributing factor could be the greater speed of air flow in the valleys during
radiation conditions.

Acknowledgement.—I am indebted to the County Horticultural Staff of
the National Agricultural Advisory Service at Hereford for their help in
arranging the experiment, and to the grower, Mr. Acheson of Much Birch,
Hereford, without whose observations the work would not have been possible.
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METEOROLOGICAL OFFICE DISCUSSION
Three-front model

I™)

The Discussion on Monday, December 19, 1955, held at the Royal Society of
Arts, was opened by Mr. B. W. Boville of the Canadian Central Analysis Office.
He described the procedure at that Office and in particular the three-front
model that had been developed there.

When the Central Analysis Office was established in 1951 six meteorologists,
all with 10-15 years of synoptic experience in various parts of Canada, were
assigned to work out an organization on both the theoretical and administrative
side. This analysis and short-range prognosis centre was to meet the require-
ments of the whole country. To eliminate duplication of work transmission
was to be by facsimile. An extended-period forecast centre was to be developed
simultaneously.

The status of surface fronts was rather chaotic; coded analyses exchanged
among major forecast centres in Canada and abroad indicated, in many cases,
areas of agreement arising by chance rather than by science. It was clear that
an approach based on detailed study of surface hourly and synoptic reports
would not solve the problem.

Differential analysis was reasonable up to 500 mb. although investigation of
some forecast failures over the North Atlantic showed that this method had
failed to preserve essential details of the flow required for synoptic develop-
ments. Although goo-mb. and 200-mb. charts were being drawn it was clear
that knowledge of the jet-stream structure and behaviour was rather
superficial.

In some parts of the meteorological world fronts were tending to be regarded
as transient surface phenomena largely dependent on frictional convergence.
In contrast jet streams, which are associated with strong baroclinity and
support the idea of three-dimensional fronts, were gaining prominence. It was
necessary to devise a new system of analysis which could be applied uniformly
by a group and would be acceptable to forecasting centres spread out over a
distance of 3,000 nautical miles.

The experiment covered a period of about two years before the method
became operational. All standard charts up to 300 mb. were analysed for an
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area stretching from Japan to eastern Europe; tephigrams were plotted for all
temperature ascents (about 150 stations) and hodographs drawn for upper
wind data (about g9 stations) for the area from the central Pacific to the central
Atlantic. A number of detailed cross-sections from the surface to 100 mb. were
also constructed each day.

Frontal-contour analysis seemed the most promising approach. Initially
wet-bulb potential temperature and saturated wet-bulb temperature were
plotted at all significant first-order discontinuities in vertical temperature and
wind shear. Wet-bulb potential temperature was used as the major identifier
but density was the fundamental parameter of discontinuity. It became clear
that the three-dimensional picture of the fronts provided a sound relationship
between surface fronts, upper westerlies and jet streams. Surface analyses
became to a large extent unique with excellent continuity. Jet-stream analysis
could be extended into areas of sparse data.

It became evident that there were three major frontal zones, at least in the
two-thirds of the hemisphere covered by the analysis. These were named:

Polar front, separating tropical-maritime air and polar-maritime air (mT/mP).

Maritime front, separating polar-maritime air and arctic-maritime air
(mP/mA).
Arctic front, separating arctic-maritime air and arctic-continental air (mA/cA).

Several other charts were tested. Charts of particular wet-bulb potential
temperature proved difficult to define by a single surface and history, and
continuity were not satisfactory. Charts of three-dimensional zones of maximum
wind shear were quite interesting in relation to fronts but were somewhat
discontinuous and transitory. Tropopause contour charts verified the general
relationship with broad air masses and fronts.

Only the three-dimensional ‘‘density” discontinuity fronts had the desirable
properties of continuity in space and time. They are of course subject to
frontolysis and frontogenesis at all levels, but usually on a broad enough scale
to handle synoptically.

A method of charting frontal intensity has not yet been found because of the
difficulty of varying slope. Even if the gradient of temperature normal to the
front remains constant the horizontal and vertical gradients of temperature
can change relatively as the slope of the front changes. Both horizontal and
vertical temperature gradients can, of course, decrease together with the front
eventually disappearing.

It was found in the experiment that occlusions rarely occurred. The major
feature was a trough of warm air aloft which had been given the name “trowal”.
The trowal moved with the wind field and was significant for both weather and
development.

Mapping of jet streams by drawing isotachs at the level of the maximum
wind was tried. This proved interesting but was difficult to interpret. The
major features and details of the jet streams and maxima could be charted by
isotach analysis at 300 mb. One method, very useful experimentally, was to
grid shear isotachs on to isotachs at 500 mb. on the assumption of constant wind
direction. The jet-stream analysis proved very satisfactory; a jet-stream maxi-
mum could be traced from an area of sparse data to an area of good data
(Canada) and into an area of abundant data (central United States). Even in
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such a dense network of wind observations as that over the United States the
maximum wind strength can miss the observing stations for thousands of miles;
however, the sloping baroclinic zone will intersect the stations.

Mr. Boville illustrated the Canadian technique with two series of charts and
diagrams. The first series* showed how a cross-section can be drawn and the
winds calculated using the thermal wind equation

oV g oT

9z~ fT on
where Vy is the horizontal wind component, f the Coriolis parameter, T the
temperature, z the height and 97/0n the temperature gradient perpendicular
to the wind component. Cross-sections were drawn approximately normal to
the wind flow, and two fronts were clearly marked from the tephigrams. The
first cross-section showed the wind field as calculated up to the 50-mb. level
using all the temperature data and only the wind observations from the ground
to 700 mb. The second cross-section was drawn from the actual wind observa-
tions. The similarity between the wind fields was striking, both cross-sections
showing a jet stream of more than 140 kt. just below the tropopause and a
possible secondary jet stream at 100 mb. well above the tropopause. The main
jet stream had an observed wind speed of more than 160 kt. Further discrepan-
cies between the two wind fields could possibly be explained by neglect of
anticyclonic curvature of the stream-lines in the calculated wind field and partly
by the depth over which the observed winds are averaged to obtain the wind
at a specific level.

The second seriest showed the situation over Canada, the United States and
Greenland on January 11 and 12, 1954, and illustrated the different features
shown by the surface synoptic map, the frontal-contour chart, and the 500-mb.
and 300-mb. contour charts. The frontal contour chart shows where each of
the three fronts cuts the 850-mb., 700-mb. and 500-mb. surfaces. Trowals
were marked along some of the isobaric troughs on the surface chart; they
appeared as kinks or waves on the frontal contour chart. On these two days the
western coast was affected by the arctic and maritime fronts and also—as
shown by the frontal-contour chart alone—by the polar front at higher levels.
Except in the extreme south and along the east coast the maritime front did not
reach the land surface on the 11th; the frontal-contour chart showed that it
was present aloft as far north as 70°N. but was occluded out in these latitudes
during the day. The arctic front extended from northern British Columbia to
the Middle West of North America eventually being gathered up with the
maritime and polar fronts into one very strong front over the eastern states.
There was marked confluence over this strong front which formed a typical
deepening polar-front depression during the 11th (the central pressure fell from
1004 to 976 mb. in 24 hr.).

Isotachs were drawn every 20 kt. above 60 kt. on the 300-mb. charts and
jet-stream positions were clearly visible. On the 11th there were two jet
streams of 110-130 kt. (associated with the maritime front) meandering across
the country to combine into one jet stream of 200 kt. (associated with the
combined front over the eastern States). On the 12th the jet stream associated

* BOVILLE, B. W., CRESWICK, W. s. and GILLIs, J. J. A frontal-jet stream cross-section. Tellus,

Stockholm, 7, 1955, p. 314 (Figs. 1-3).
1 ANDERSON, R., BOVILLE, B. w. and MCCLENNAN, D. E.; An operational frontal contour-analysis
model. Quart. 7. R. met. Soc., London, 81, 1955, p. 588.
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with the occluded maritime front had almost disappeared; the jet stream
associated with the polar front had strengthened in all parts reaching 210 kt.
over the cold-front part of the combined front of the deepening depression
centred over Nova Scotia.

Mr. Murray was not convinced of the forecasting value of frontal contour
charts. What did they give that could not be obtained from thickness charts?
How objective was the analysis from upper air soundings? Mr. Boville said
that major prognostic problems reduce to placing the frontal analysis and
thermal structure and in getting the upper flow (at 500 and 300 mb.) right.
The frontal-contour charts gave a good outline and define more clearly the
frontal analysis to begin with. With advection of vorticity aloft and good
frontal contrast development would occur. He also described how waves on the
polar front go round a block in middle latitudes; only waves on the arctic front
would go round a block in high latitudes, vigorous waves on the maritime and
polar fronts travelling to the south.

To a question on how he placed a jet-stream maximum wind velocity which
had not appeared in any station reports, Mr. Boville replied that jet streams
were not transient and the analysis was based on a model where observations
were few.

Mr. 1llsley drew attention to the similarity between what was called a trowal
in Canada and an occlusion in the United Kingdom; an occlusion does not
necessarily mean a discontinuity at the surface. Would not a strong front and
vorticity be the same as a strong thickness gradient? Do the frontal-contour
charts help in forecasting? Mr. Boville though the difference between trowal
and such an occlusion might simply be of nomenclature. However, an occlu-
sion, by definition, should not be drawn if not supported by a surface thermal
discontinuity. In 1951 there were wide discrepancies in analysis in forecasting
offices in Canada; the frontal-contour analysis method has largely eliminated
this. In the Central Analysis Office there is analysis and prognosis not
forecasting of the weather. A “prognostician’ does not analyse. The aim was
to get the front right to begin with. He did not believe in the simple concept
of upsliding motion on a front; he rather thought that vertical motion should
be related to convergence and divergence. He had done no forecasting for four
years but outstation forecasters seemed happy with the method.

Mr. Starr asked in what way did a trowal differ from a ridge of warm air
aloft. Mr. Boville said they could be the same.

Mr. H. H. Lamb described an X-structure of fronts once used by the United
States Weather Bureau with a valley line in continuation of either warm or
cold front where the occlusion follows the line of the other front. If the valley
line could be equated with Mr. Boville’s trowal was the surface part of the
occlusion not important in Canada? Mr. Boville said the surface part would be
called another front not an occlusion if it had a temperature difference. Mr.
Lamb asked if the following of trowals—not associated with a main surface
fi ont—settled many forecasting difficulties. Mr. Boville said it did. Mr. Lamb
also asked if there were still rain areas not associated with front or trowal. Mr.
Boville said not all rain areas were associated with fronts.

Dr. Tucker asked if there was a difference of analysis or merely a difference
of nomenclature. Mr. Boville said there was no fundamental difference in the
dynamical problem but a difference of approach.
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Myr. McNaughton said he was trained as a forecaster in Canada 12 years ago
and he had been taught there that the back-bent occlusion did not exist. Now
the occlusion itself seemed to be disappearing. He asked for an indication of the
density of the network necessary to carry out the three-dimensional analysis.
Mr. Boville said the radio-sonde network in the United States and Canada was
adequate, the North Atlantic grid of ocean weather ships was fairly adequate
and the Pacific Ocean with but one ocean weather ship is quite inadequate.
For small details even the United States network is inadequate; the upper-wind
network was not so good.

To a question of what is the connexion with thickness-pattern work, Mr.
Boville said the 1000-500-mb. thickness was mainly used to study advection. A
wave develops with vorticity advection aloft over a strong low-level discon-
tinuity. In the year no serious new development had been missed using these
methods. The thickness chart was too gross to give the frontal structure
adequately; fronts show up clearly as a shear orientation on wind hodographs
over ocean weather stations; the thickness lines mask much of the detail.

Myr. Boyden found the last statement hard to understand. The frontal-contour
analysis simply gave the intersection of the front with, say, the 500-mb. surface.
Could that not equally come from a horizontal discontinuity in the mean
temperature and thermal wind field.

Mr. Graystone thought Mr. Boyden was assuming a constant slope with
height; some of Mr. Boville’s charts showed it was not so.

Mr. Hawson asked what the evidence was for changing the slope between
two stations. Mr. Boville pointed out that the temperature change from the
tephigram combined with the wind shear from the hodograph could be used
with the thermal-wind equation to calculate the slope and orientation of the
front at any point from one radio-sonde and radar-wind ascent.

Mr. Veryard asked what Mr. Boville meant by a front. Mr. Boville said a
front satisfied three criteria:

(i) it is a three-dimensional hyperbaroclinic zone with a first-order
discontinuity in the temperature and wind fields

(i) it is a quasi-substantial surface which moves with the wind flow

(iii) it is a reasonably continuous feature of the chart both in space and
time.

If these conditions are not satisfied the front is not drawn.

Dr. Sutcliffe remarked that Mr. Boville had used a definition of a front which
was both clear and communicable. A front was originally defined as a first-
order discontinuity in density, but has since got muddled by the idea of it as a
line of cloud and rain—being liable to be dropped if there is no rain. Mr.
Boville’s definition was more consistent with physical ideas. Meteorologists
were partly responsible for the muddle, and would have to un-educate people
who now associated a front with rain. Dr. Sutcliffe asked what staff were
necessary at the analysis centre; the Central Forecasting Office, Dunstable,
had to issue forecasts as well as analyses. Mr. Boville said that in Canada many
outstations do no analysis work and receive only local data; all outstations
receive facsimile broadcasts of all the charts and prognoses. The Central
Analysis Office has two men on each shift for actual analysis and two for
prognosis, plus ancillary staff.
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Dr. Farquharson asked how long after the data were the charts received. Mr.
Boville said that the surface chart was broadcast 4} hr. after the data to which
it referred ; the first upper air chart was 5 hr. after the data and the experimental
prognostic chart 10 hr. after the data on which they were based. Dr.
Farquharson also said fronts could not often be identified above 10,000-12,000 ft.
Mr. Boville said the hodograph and tephigram analysis together gave the
answer.

M. Illsley asked who did the forecasting of the actual weather—the analysis
charts shown were uncomplicated. Mr. Boville said the forecasting was done
in the field offices. He thought it essential to abandon the simple model
relation between surface fronts and rain and cloud and to make more use of
fundamental parameters.

Mr. Pothecary said that Meteorological Research Flight data had shown that
the humidity field was much more complicated than the temperature field.
The upper levels of fronts could be recognized quite easily at 18,000 ft. from the
temperature field but the humidity structure depended much more on past
history; in some frontal zones the humidity had been found as dry as 5 per
cent. even as low as 700 mb.

Mr. Tse Yu-Wai talked about the apparent difference in viewpoint between
Canada and the Central Forecasting Office, Dunstable, over the existence of
occlusions; he thought that unless we could prove the occlusion does not exist
we should assume it does.

Mr. Wallington wondered how much of the difference in idea was due to
difference in geography and climate. Perhaps the British Isles would be only a
detail to the Canadians. How much of the Canadian work was a change in
fashion? Mr. Boville said that size was not the only point of difference; the
frontal-contour chart was an important part of the analysis.

Mr. Gold was glad to see the Canadians tackling the problem of analysis in a
three-dimensional way and was relieved to hear Mr. Boville speaking about air
masses. It was surprising and most encouraging to hear that no major develop-
ment had been missed; if the prognosis agreed with events (no comparison
charts had been shown) then the method was justified. Mr. Gold stressed the
trinity of an occlusion (three air masses) and the duality of an ordinary front
(two air masses) ; he thought an occlusion had a reality in the physical constitu-
tion of the atmosphere. He was, however, shocked at the disbelief in upsliding
motion, an idea which had enabled a forecaster to understand the progressive
formation of cirrostratus, altostratus and nimbostratus. He thought the frontal-
contour chart an important part of the forecaster’s armoury which made clear
some of the details of a frontal surface.

Dr. Stagg, in closing the discussion, said that it was not just a comparison of
techniques in which Canadian practice differed from United Kingdom
practice. It was right to hear from Mr. Boville how other meteorologists think.

OFFICIAL PUBLICATIONS

The following publications have recently been issued:—
PROFESSIONAL NOTES
No. 116—Variations of the measured heights of pressure surfaces. By D. H. Johnson, M.Sc.

The 6-hr. and 12-hr. apparent diurnal variations of the measured heights of standard pressure
surfaces have been evaluated for levels up to 100 mb. at Larkhill, Lerwick, Malta and Nicosia.
Calculated values of the apparent diurnal variation, based on estimates of the radiation errors
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made by Scrase, tend to underestimate the observed variation, but nevertheless provide a
reasonable first approximation to the diurnal changes, except for the 2100~0300 G.M.T. variation,
when both ascents are made whilst the sun is low in the sky. Tables are given which enable
heights of pressure surfaces computed from radio-sonde observations made by stations in the
British Isles, Malta and Nicosia to be corrected for diurnal variation.

Handbook of weather messages, Part I, 2nd edn

The new edition of Part I of the Handbook of weather messages contains schedules of reports,
forecasts, warnings and analyses broadcast by radio in the United Kingdom, from ocean station
vessels and from certain British centres overseas. Times of issue and the frequencies and power
used in these broadcasts are given, together with a note of the code forms, and amplifying
remarks on the significance of the terms used in the case of plain-language messages, such as gale
warnings. Internationally approved numbers, names and co-ordinates of all observing stations
used in these broadcasts are listed in numerical order, and a section has been allotted to facsimile
transmissions from Dunstable for the first time.

To accord with the practice adopted in Volume A of Publication No. g of the World
Meteorological Organization station heights for synoptic purposes which have hitherto been the
height of the rain-gauge, or the ground upon which the thermometer screen stands for stations
without a rain-gauge, are now defined as the height of the barometer cistern above mean sca
level.

Part I of the Handbook, like Parts IT and III which have already been published, is printed
in loose-leaf form to facilitate periodical amendments.

ROYAL METEOROLOGICAL SOCIETY

At the meeting of the Society on December 21, 1955, with the President, Dr. R. C. Sutcliffe, in
the Chair, papers were read on convection and on frontal contour analysis.

Priestley, C. H. B.—Free and forced convection in the atmosphere near the ground *

This paper was read by Sir Graham Sutton. Sir Graham explained that the paper set out
to examine the differences in heat flux between free convection in which the buoyancy force
was predominant and forced convection in which convection was produced by the dynamic
turbulence of the flow of air over surface obstacles. Using dimensional arguments Priestley
had earlier established a formula relating the vertical convective heat flux in free convection to
the air density, specific heat at constant pressure, potential temperature, lapse-rate of potential
temperature and height. In this paper he postulated that in purely forced convection the heat
flux was a function of the Richardson number (R;) alone and again by a dimensional argument
found the form of the function. To examine the validity of this formula he studied a number of
observations of heat-flux lapse rate of potential temperature and vertical wind gradient at
1-5 m. made by Swinbank. Plotting heat flux against Richardson number he found that at
values of — R; less than about 0-02 the heat flux was a function of R; satisfying the theoretical
relation for forced convection, and for large values of — R; the assumption of tully free convection
satisfied the values of heat flux better than any other existing law. The transition between the
two appeared to be wholly within the range 0-02 to 0-05 for —R;.

In the discussion Dr. Scorer objected to the form of the functions chosen for the dimensional
analysis, considering temperature should be used instead of potential temperature. Mr.
Charnock spoke on the general applicability of dimensional analysis, and Mr. Craddock
described observations on two days at Mauripur, near Karachi, of the entirely different con-
vection patterns occurring on a calm day and on a windy day showing the great difference
between forced and free convection.

Anderson, R., Boville, B. W., and McClellan, D. E.—An operational frontal contour-analysis model.t

This paper was read by Mr. Boville of the Central Analysis Office, Montreal, Canada. He
explained that it became apparent soon after the Central Analysis Office was founded three
years ago that more rigorous methods of frontal analysis than current ones were necessary. The
definition of a frontal surface adopted was that it was (i) a three dimensional hyperbaroclinic
zone with first-order discontinuities in the temperature and wind fields, (ii) a quasi-substantial
surface moving with the wind flow, and (iii) a reasonably continuous feature of the chart both
in space and time. The tools used for analysis were charts of contours of the lines in which the
fronts intersected the surface, 850-, 700-, 500- and goo-mb. surfaces; and surface, and 700-,
500- and 300-mb. contour charts with, on the upper charts, isotachs at 20-kt. intervals, and
vertical cross-sections. The best parameters for representing a front were found to be the
orientation given by the hodograph of vertical wind shear, the wet-bulb potential temperature
and the saturated wet-bulb potential temperature. In analysis during winter three fronts
were recognizable, in roughly south-to-north order, the polar front with tropical maritime air

* Quart, 7. R. met, Soc., London, 81, 1955, p. 139.
t Quart. 7. R. met. Soc., London, 81, 1955, p. 588.
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above and to the south of the front, the maritimg front with polar maritime air to the south, and
the arctic front north of which was arctic continental air. Some examples of the charts were
shown by lantern slides.

In reply to Dr. Sutcliffe, Mr. Boville said the upper part of the frontal zone was plotted as the
front. Mr. H. H. Lamb said the charts showed the amplitude of the frontal “wave’ as increasing
with height which Mr. Boville said was characteristic of frontal waves. Mr. Boyden thought
frontal contour charts showed no more than did the changes of gradient on a thickness chart.
Mr. Sawyer inquired as to where the frontal analysis broke down to allow the necessary
transformation of air masses, and Dr. Stagg asked on what basis the decision to adopt the
frontal-contour method was taken.

LETTER TO THE EDITOR
Night cooling under clear skies

W. E. Richardson’s! recent paper “Night cooling under clear skies at high-level
stations in Cumberland” has been read with interest. It is agreed that owing
to the scarcity of observations, the drawing of the 1953 cooling curve for Wahn?
over the months of May and June is open to doubt. However the 1952 curve?
confirms a significant change in the slope of the curve of annual variation of
the time of discontinuity in evening cooling during the end of March and the
first three weeks of April. Parry? found an identical change of slope over the
years 1949—53 for Shawbury. Recently a night cooling curve was produced for
London Airport, and this curve re-affirmed the levelling out of the change of
slope during March and April. In view of this it is felt that the significant
change of slope during spring cannot be ruled out.

W. E. Richardson’s! curve for Riverside appears to show a flattening out
of the curve during April. It is suggested that the following symbolic curve of
annual variation could be drawn showing three stages associated with changes
in soil moisture and in vegetation:
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(a) Drying out of soil

(b) Delaying of the progressive change of time of discontinuity caused by
transpiration of moisture from surface vegetation

(¢) Moistening of soil with onset of winter.

W. J. BRUCE
London Airport, November 8, 1955.

[There appears to be an attempt at compromise in W. J. Bruce’s letter
between the relative significance of the “early spring late time bulge” and the
“late spring early time bulge”. Under the circumstance of insufficient suitable
data this may be the best approach, but until such data are produced some
consideration about the implications of such a compromise may provide
valuable discussion.
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The conflict of ideas expressed in mine and Mr. Bruce’s papers may be
summarized by Figs. (a) and (4) where the curve represents the expected
variation in the time of discontinuity, and the shaded areas show the disputed
positions of the spring anomaly. Fig. (¢) demonstrates the casual implication
of the compromise, and Fig. (d) shows the possible distribution of areas of
anomaly if the following argument is acceptable.

Attention has been drawn! to the importance of the spring low-humidity
factor. It was considered to be both contributory to the drying out of soil, and
significant in itself as an aspect of this subject. The attainment of dew point
at 4 ft. above the ground is the relevant issue, and although ground effects will
influence this, they need not be dominant as has hitherto been assumed.
However if the resultant drying of soil is added to this low-humidity factor then
the weight of influence seems strongly in favour of the “early spring late time
bulge”, but in view of the suggestions of Bruce a minor late spring anomaly
may very well exist. This distribution is symbolized in Fig. (d).

Perhaps I may be allowed to take advantage of this opportunity to expand
upon the idea in my paper! that minimum temperatures below about 15°F.
appear to be impossible when no snow is lying. In the first place I am indebted
to J. Glasspoole for examining the point in the light of observations from other
British stations taken during certain recent severe spells. So far he has found no
evidence to contradict the statement. Further, the events of March 5, 1953, at
Alston are most revealing, for the minimum readings for that night were 16°F.
at all three stations (Nether Park, Riverside and Samuel King’s School). This
was the only occasion in the record when a good radiation night produced no
inversion. No snow lay at any height in the district.—w. E. RICHARDSON.]
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NOTES AND NEWS
Snow rollers at Grimsetter

During the heavy snow-falls last winter in Orkney a rather unusual occurrence
was observed by several people in Orphir, a district about 15 miles to the west
of Grimsetter. At dusk on February 22, 1955 a very heavy snow shower fell in
which the snow-flakes were exceptionally large. They were described as being
“as big as cigarette cards”. There was a light westerly wind at the time. By
2100 G.M.T. the snow shower had died out, the wind became calm and the sky
cleared. These conditions continued throughout the night and there was a
keen frost.
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The following morning lumps of snow were seen lying on the slopes of two
small hills. They were very numerous and irregular in size and shape, and on
close inspection they appeared flattened as if they had spread out on coming
into contact with the surface snow. Some of the lumps were larger than a
football, and they were confined entirely to the hill slopes, covering an area of
roughly half a square mile. Towards the sea there was an abrupt change from
the disturbed snow to the smooth undisturbed snow.

J. C. HAY

Publication of data on solar radiation and intensity of daylight

From January 1956 it is intended to make provision for the publication in
the Monthly weather report of an extended table of radiation data (Table IIIb).
At the same time the table of night-sky observations (Table IIla) will be
discontinued.

The new Table ITIb will permit the entry of mean, maximum and minimum
daily values of total radiation on a horizontal surface and diffuse radiation on a
horizontal surface for Kew, Eskdalemuir, Lerwick, London (Kingsway),
Aberporth and Cambridge. It will also allow the entry of mean, maximum
and minimum daily values of integrated illumination on a horizontal surface
at the first four of these stations. The table will not be complete at first because
the radiation recorders for Kingsway and the illumination recorders for
Eskdalemuir and Lerwick are not yet available, and it may be some time in
1957 before they are all installed.

Values of maximum and mean direct solar radiation on a surface normal to
the sun at Kew will no longer be published. Direct solar radiation can be
obtained from the difference between total and diffuse radiation on a horizontal
surface, and, as indicated above, mean values of both these quantities will be
published.

It is hoped that this additional information will be of assistance to research
workers in the agricultural, horticultural, building and engineering industries.

REVIEW

Report on experiments on artificial control of rainfall at Amboseli, Kenya, and Dodoma,
Tanganyika, 1953-54. By D. A. Davies, H. W. Sansom, and G. Singh Rana.
Mem. East African Met. Dep., Nairobi, 3, No. 3. 10% in. X 7% in., pp. 21, llus.,
Nairobi, 1955. Price: 4s.

Tropical cumulus clouds were seeded at Amboseli and Dodoma in east Africa,
using finely ground sodium chloride (50-75 ) as the seeding agent. Dispersal
within clouds was effected by releasing hydrogen balloons carrying charges of
hygroscopic salt into each selected cloud and exploding the charges slightly
above the cloud base. The experiments were conducted at Amboseli from
October 15 to December 15, 1953 and at Dodoma from January 1 to March g1,
1954, at both places on all occasions whenever conditions appeared suitable.
It was not possible to install a satisfactory control grid of rain-gauges, and
assessment of the results of the experiments was based mainly on the visual
observations of subsequent development of the seeded cloud.

The total number of seedings at the two places was 73, of which 57 succeeded
in reaching the target cloud. Of these 57 seedings, it was observed that on
42 occasions rain fell within 13-38 min. after the explosion of the charges.
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The rain was light or very light on 36 occasions, moderate on 3 occasions and
heavy on 3 occasions, and the duration of the rain varied from g to 55 min.
The results appear to prove conclusively that the release of these hygroscopic
particles into a suitably large cumulus cloud would generally be followed by a
light shower.

In discussing what adjustment might be made to the technique to increase
amounts of rain the authors suggest an increase in amount of seeding substance
and a decrease in particle size to, say, 25 p; from theoretical considerations
they suggest that the total quantity of rain might be about eight times as great
with particle size 25 u as with particle size 100 pu.

We look forward with great interest to learning the results of future experi-
ments which it is hoped may be conducted with a smaller-size hygroscopic
particle, and we congratulate the British East African Meteorological
Department on the excellence of the work so far carried out.

A. F. JENKINSON

OBITUARIES

Charles 111lliam Heinemann.—We regret to report the death of Mr. C. W.
Heinemann, formerly Staff Clerk in the Meteorological Office which occurred
at the age of go years, on November 19, 1955. This removes from the roll of
Office pensioners one of its Victorian characters. Mr. Heinemann joined the
staff at the Victoria Street Office in October 1880 and resigned on account of
ill health in November 1922. For the greater part of his career he assisted in the
preparation of the I1’eekly weather report and Monthly weather report. He spent the
last few months of his service in the British Rainfall Organization.

He is remembered by those who knew him as a cheerful likeable man and a
very conscientious worker who was never known to make an error in the
computing work. In many respects an individualist, he was an ardent vegetarian
and the first man on the Office staff to own a motor vehicle—a tricycle. His
hobbies included astronomy and the construction of clocks from spare parts;
at one time he owned several good telescopes. Mr. A. T. Bench records that at
about the age of 83 Mr. Heinemann cycled several times across London to
visit him. In March 1955, to the gratification of his old colleagues, Mr.
Heinemann attended the centenary dinner. Mr. Heinemann was unmarried
and lived with a sister to whom we express our sympathy at her loss.

Professor W. M. H. Greaves, F.R.S.—We regret to learn of the sudden death
on December 24, 1955, of Prof. Greaves, Astronomer Royal for Scotland and
a member of the Meteorological Committee.

David H. Owen.—The death of Mr. D. H. Owen of Sparkhill, Birmingham,
in November 1955 at the age of 84, brought to a sudden close a long and
enthusiastic devotion to meteorology in this country. Mr. Owen was one of the
now dwindling company of amateur meteorologists whose meticulous care
and faithful service as an ohserver co-operating voluntarily with the Meteoro-
logical Office extended over a period of nearly half a century. His climatological
returns began in 1907 and are a valuable contribution to local climatology and
in recognition of this he received, in rg54, a presentation aneroid barometer
from the Office. His interest in weather commenced at an early age and
he had maintained weather notes since 1892 at the same place, contributing
daily rainfall observations to the British Rainfall Organization from 1905.
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Albert Roy Hosker—It is with deep regret that we learn of the death, on
January g0, 1956, of Mr. Hosker, Scientific Assistant, at the age of 25. Mr.
Hosker joined the Office as a Meteorological Assistant in April 1947. He
served at several aviation outstations and in o.w.s. Weather Observer. At the
time of his death he was serving at Ronaldsway. Mr. Hosker has been a
member of the Meteorological Office swimming team on several occasions
when they have won the Air Ministry Championship. He was also a runner-up
in the Civil Service Plunging Championship. He is survived by a widow and
an infant daughter to whom the sympathy of all who knew him in the Office
is extended.

METEOROLOGICAL OFFICE NEWS

Academic successes.—Information has reached us that the following
members of the Staff have been successful in recent examinations:

General Certificate of Education (Advanced Level): physics, D. Gibbons; pure
mathematics, B. Stapleton and G. A. Unwin.

Ocean weather ships.—The following are extracts from the Master’s
report of Voyage 67 of the Weather Observer when the ship was on duty at
Station I.

December 22, 1955. Neptune aircraft from Topcliffe circled the ship using a television
camera for the British Broadcasting Corporation, Independent Television Authority and the
Daily Mail, and dropped five canisters containing mail and a Christmas tree. This was a very
welcome thrill and cheered everybody up greatly. We are all most grateful to everyone who
made this possible. A padre gave us a 15-min. Christmas message whilst the aircraft was
circling.

December 25, 1955. Everybody seemed to enjoy their Christinas at sea; the Christmas
dinner was excellent and was a great credit to the catering staff. It must have been good as
both the crews told the chief steward how much they enjoyed it.

Social activities.—The staff of the London Airport meteorological office
held a dance at the Master Robert Hotel, Hounslow on November 30, 1955.
The dance was well attended despite the fact that the goth was the only
occasion during November on which fog had persisted at the airport all day.
Headquarters and meteorological offices in the London area were well
represented, and a highly successful evening was enjoyed by all.

WEATHER OF JANUARY 1956

The average state of the atmospheric circulation over the northern hemisphere during January
was similar to that of the month before. 'The North American anticyclone was generally very
large and strong and centred rather further east than usual, the highest mean pressure being
1029 mb. near Hudson’s Bay and the greatest anomaly about -+ 15 mb. over northern Labrador
and Quebec. The Azores anticyclone was weak and small, and its usual January extension
over Spain into central Europe was very feeble. The Siberian anticyclone was large and strong,
but lacked its usual extension towards Europe.

Both in the Atlantic and Pacific the cyclonic activity was concentrated in two widely separate
regions over the north-eastern and western, or south-western, parts of the oceans. There were
several very deep centres early and late in the month over the sea areas between east Greenland
and Novaya Zemlya. A very unusual feature was a low which deepened to about g84 mb. near
Bermuda on the 5th with pressure remaining very low in that area for the ensuing three weeks;
temperature had previously become unusually low over the eastern United States and this
depression drove the very cold air on south into Florida.

Most of the month the pressure and thermal patterns were so abnormal over North America
that normal patterns and scquences could hardly be expected to the eastward over the Atlantic
and Europe. However, for a week or so from the 22nd to the 27th a former Alaskan anticyclone
became quasi-stationary over the central United States, near go°W.—itself a rare event—and
the prolonged southerly advection over the great plains and prairies on the western flank of
this system removed the pronounced negative temperature anomaly which had covered the
region since autumn. East of this same Ancrican anticyclone, the complex of Atlantic lows
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began t o coalesce and shift bodily eastwards. On the 27th the prolonged high-pressure régime
over northern Greenland was dislodged and shifted to Scandinavia. This train of events brought
a radical change in the character of the winter.

In the British Isles the weather during the first week over most of England had been dominated
by extensive and persistent fog; elsewhere it was mild and dry. A wet cold period, with con-
siderable snow in the north, followed, but the third week was milder and changeable and
ended with widespread rain and gales. Mild rainy weather continued for most of the rest of the
month, but on the 31st cold easterly winds spread from the continent over most of the country.

The year began with widespread north-westerly gales—a gust of 73 kt. was recorded at
Tynemouth—as a depression moved south-eastwards from Iceland to Germany; there was also
widespread rain or showers with scattered thunderstorms. An anticyclone from the Azores
began to move north-eastwards on the 2nd and became centred over southern England on the
4th; and that night frost and fog developed extensively in east and south-east England and the
Midlands. The fog was dense locally and persisted throughout the day in many areas from
the 4th to the 6th; on the 5th it covered most of England south-east of an approximate line
from the Bristol Channel to Whitby. There were good sunny periods however, especially on
the 2nd and 5th, and weather was mild, except in foggy areas, with afternoon temperatures
exceeding 50°F. at times in Scotland. Arctic air on the western flank of a depression north of
Scandinavia, swept southwards bringing snow to many parts of eastern Great Britain on the 7th,
and falls became substantial the following day as a depression formed over the North Sea.
Another depression, which deepened unusually quickly as it moved south-east toward Ireland
on the gth, absorbed the North Sea depression into its circulation on the 10th as a belt of snow,
heavy in places, spread eastwards. Temperature, which had fallen to 10°F. at Dyce early on
the 1oth, rose to 40°F. during the day. Heavy continuous snow fell for about 11 hr. in parts of
Lincolnshire and lay to a depth of about 15 in., but in southern England it turned to rain, and
thunderstorms developed. Thundery showers of rain, sleet or snow continued daily until the
12th. A slight earth tremor was felt in some Midland counties on the 1oth. The first substantial
rainfall of the year occurred on the 13th ahead of a depression which approached from the
south-west; both Plymouth and St. Mawgan had more than 1 in. of rain in 12 hr. Throughout
the third week a series of depressions moved eastwards over, or to the north of, Scotland on
tracks which became progressively further south. Weather during the first part of the week was
changeable, though fairly dry and often sunny in England and Wales, particularly on the 18th
when many places recorded more than 6 hr. sunshine, but a depression north of Scotland
deepened and gave severe gales on nearby coasts—wind reached 83 kt. in a gust at Lerwick
on the 21st—as it moved slowly eastward on the 20th and 21st, and there was widespread and
locally heavy rain over most of the country. Considerable rain and snow fell on the 23rd as a
depression crossed southern England while in its rear cold air spread southwards to give a fall
of temperature of 10~15°F. Frost was widespread on the night of the 24th—25th ; at Eskdalemuir
temperature fell to 12°F. and did not rise above 26°F. the following day, but milder air, preceded
by rain and snow, returned from the south-west on the 25th and spread very slowly northward.
The thaw caused extensive floods in counties adjacent to the Severn on the 27th as the melting
snow and recent widespread rain caused the river to overflow its banks. Weather was dull and
wet from the 26th to the goth with widespread and heavy rain in places as troughs, associated
with a large low-pressure system between Iceland and Greenland, crossed the country; but on
the last day of the month a well developed anticyclone over northern Scandinavia started to
move south-westward and very cold easterly winds spread across the British Isles.

This changeable month produced the rather unusual combination of high rainfall and an
excess of sunshine, but temperature was about normal, except in the extreme north of Scotland,
where it was 3-4°F. below average. In Scotland the rather severe weather presented many
farming difficulties, though hill sheep have suffered more from the cold high winds and lack of
shelter than from lack of grazing. Elsewhere maintenance work on farms and market gardens
continued with little interruption, and was so well forward that farmers were able to plan to
catch up with arrears from previous years. Cattle, even in the north of England, have been left
in pasture longer than usual, thus conserving fodder. Ploughing for spring sowing has continued.

The general character of the weather is shown by the following provisional figures.

AIR TEMPERATURE RAINFALL SUNSHINE
Difference No. of

from Per- days Per-

Highest | Lowest | average centage | difference | centage
daily of from of

mean average average average
°F. °F. °F. % %
England and Wales ... 58 12 —0-6 167 +3 118
Scotland 56 2 —1-9 106 +2 119
Northern Ireland 53 18 —2°1 111 +1 g6

95



RAINFALL OF JANUARY 1956
Great Britain and Northern Ireland

Per Per

County Station In. | cent. | County | Station In. |cent.
of Av. of Av.

London Camden Square 3:60 | 194 | Glam. Cardiff, Penylan 5-02 | 136
Kent Dover ... 5+80 | 271 | Pemb. Tenby 6-03 | 161
» Edenbridge, Falconhurst 5-08 | 207 | Radnor Tyrmynydd 8-92 | 141
Sussex Compton, Compton Ho. | 5-55 | 175 | Mont. Lake Vyrnwy ... 9-37 | 162
» Worthing, BeachHo.Pk. | 5-07 | 218 | Mer. Blaenau Festiniog 8-35 | 82
Hants. St. Catherine’s L’thouse | 5-12 | 207 | ,, Aberdovey 516 | 133
» Southampton (East Pk.) { 4-81 | 180 | Carn. Llandudno . 2-71 | 112
» South Farnborough ... | 3-94 | 189 | Angl. Llanerchymedd 3:67 | 116
Herts. Harpenden, Rothamsted | 4-51 | 218 | 1. Man Douglas, Borough Cem. 4-28 | 128
Bucks. Slough, Upton .. 3-29 | 177 | Wigtown | Newton Stewart 3°79 | 92
Oxford Oxford, Radcliffe .. | 3-91 | 216 | Dumf. Dumfries, Crichton R. I 3°53 | 110
Nhants. Wellmgboro Swanspool 380 | 205 ,, Eskdalemuir Obsy. 443 82
Essex Southend, W. W. .. | 358 | 245 | Roxb. Crailing... 1-81 94
Suffolk Felixstowe . 345 | 227 | Peebles Stobo Castle 2-83 | o4
» Lowestoft Sec. School . 3-37 | 202 | Berwick | Marchmont House ... | 2-42 | 108
» Bury St. Ed., Westley H. 3-24 | 181 | E. Loth. | North Berwick Gas Wks. | 2-13 | 125
Norfolk Sandrmgham Ho. Gdns. | 334 | 172 | MidP’n. | Edinburgh, Blackf’d. H. | 1-44 | 82
Wilts. Aldbourne 486 | 195 | Lanark Hamilton W. W, T’nhill | 2-21 67
Dorset Creech Grange... 5-03 | 154 | Ayr Prestwick .. | 250 | 88
» Beaminster, East St. 534 |1 153 ] Glen Afton, Ayr San. ... 3-66 72
Devon Teignmouth, Den Gdns. | 4-99 | 137 | Renfrew | Greenock, Prospect Hill
' Ilfracombe .| 5°26 | 160 | Bute Rothesay, Ardencraig ... | 3-89 | 86
v Princetown . 8-97 | 112 | Argyll Morven, Drimnin 4-69 74
Cornwall | Bude, School House 3:35 | 110 | , Poltalloch 4°24 | 84
» Penzance . 6-20 | 164 | ,, Inveraray Castle

» St. Austell ... 1549 128] ,, Islay, Eallabus... 554 | 118

5 Scilly, Tresco Abbcy o | 4021 [ 134 | Tiree 3:79 | 8g
Somerset | Taunton . ... | 2-98 | 125 | Kinross Loch Leven Sluice 3-89 | 123
Glos. Cirencester . 3-60 | 138 | Fife Leuchars Airfield 2-27 | 125
Salop Church Stretton 414 | 159 | Perth Loch Dhu 6-09 | 67
»» Shrewsbury, Monkmore | 3-07 | 157 | ,, Crieff, Strathearn Hyd 3-19 79
Wores. Malvern, Free Library... | 3-92 | 177 | |, thlochry, Fincastle 2-80 | 8o
Warwick | Birmingham, Edgbaston | 3-61 | 162 | Angus Montrose, Sunnyside ... | 3-40 | 171
Leics. Thornton Reservoir 3-59 | 181 | Aberd. Braemar 3-79 | 119
Lincs. Boston, Skirbeck . » Dyce, Craxbstone ... 1859 | 152
» Skegness, Marine Gdns. 3-99 | 231 ] ,, New Deer School House 466 | 200
Notts. Mansfield, Carr Bank . 3-80 | 177 | Moray Gordon Castle . 3-27 | 162
Derby Buxton, Terrace Slopes 902 | 202 | Nairn Nairn, Achareidh o | 137 76
Ches. Bidston Observatory 2:94 | 139 | Inverness | Loch Ness, Garthbeg ...
2 Manchester, Ringway... [ 4-31 | 180 | ,, Loch Hourn, Kinl’hourn | 7-45 59
Lanes. Stonyhurst College 4-59 | 107 | ,, Fort William, Teviot ... | 715 | 74
» Squires Gate ... 3-69 | 142 | ,, Skye, Broadford 6-11 81
Yorks. Wakefield, Clarence Pk 3-50 [ 182 ,, Skye, Duntuilm 4-25 | 8o
. Hull, Pcarson Park ... | 499 | 277 | R. & C. | Tain, Mayfield... 3-09 | 127
”» Fehxklrk Mt. St. John 480 | 240 | ,, Inverbroom, Glackour... | 7-36 | 137
' York Muscum | 41 232 ] Achnashellach ... ... 1050 | 115
» Scarborough 3:57 | 179 | Suth. Lochinver, Bank Ho. ... | 5-38 | 127
. Middlesbrough... 2-69 { 168 | Caith. Wick Airfield ... 5-44 | 221
»s Baldersdale, Hury Res 4-06 | 121 | Shetland | Lerwick Observatory . 5-21 | 122
Norl'd Newcastle, Leazes Pk.. 3:67 | 185 | Ferm. Crom Castle .. | 286 | 86
. Bellingham, High Green 3-09 | 108 | Armagh Armagh Observatory 2-09 | 83
’ Lilburn Tower Gdns. ... | 4-00 | 193 | Down Seaforde .. 1 368 | 117
Cumb Geltsdale . 2-22 79 | Antrim Aldergrove Airfield 2-88 | 105
” Keswick, High Hill 3441 681 Ballymena, Harryville... | 3:54 | 95
» Ravenqlass The Grove | 3-42 | 102 | Lderry Garvagh, Moneydig
Mon. A’gavenny, Plas Derwen | 6-37 | 172 | ,, Londonderry, Creggan 5-21 | 145
Glam. Ystalyfera, Wern House | 8-24 | 130 | Tyrone Omagh, Edenfel ... ) 292 | 82
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Mr. Durward retired on January 31, 1956 after nearly 37 years’ service in the
Meteorological Office.

At the outbreak of the First World War he was at the University of Aberdeen.
He enlisted in the Gordon Highlanders and was on active service in France. In
June 1915 he was transferred to the newly formed Meteorological Section of the
Royal Engineers in France, was commissioned in February 1917 and was pro-
moted to the rank of Captain in March 1918.

On his return from France after the cessation of hostilities he was posted in
charge of the meteorological office at West Lavington which catered for the needs
of the artillery and sound-ranging units on Salisbury Plain. In April 1919 he
was appointed Senior Professional Assistant, and a year later the meteorological
office at West Lavington was transferred to the School of Artillery at Larkhill
where he remained until July1g22, when he was promoted to the rank of Assis-
tant Superintendent and transferred to the R.A.F. Flying Boat Station, Calshot,
where lecturing in meteorology to the long Navigation Courses was an important
commitment.

In December 1926 he was promoted to the rank of Superintendent and posted
to Headquarters R.A.F. Middle East (Cairo), where he was responsible for the
provision of meteorological services to the Royal Air Force and to civil aviation,
particularly Imperial Airways (subsequently renamed British Overseas Air-
ways Corporation). This was the beginning of a close association with civil
aviation which continued throughout the greater part of his subsequent service
in the Meteorological Office.

The main forecasting centre was at Heliopolis, a suburb of Cairo, and sub-
sidiary offices were established at Ismailia, Abu Qir (near Alexandria), Ramle,
(Palestine) and Amman (Transjordan). Forecasts for the Middle East area were
broadcast twice daily and a collective broadcast of 0700 6.M.T. reports for the
Mediterranean-Middle East area was inaugurated. Subsequently, towards the
end of 1931, the Meteorological Office took over, from the Royal Air Force,
responsibility for the provision of meteorological services in Iraq, and a main
meteorological office was established at Hinaidi (near Baghdad) and subsidiary
offices at Mosul and Shu‘aiba under the overall control of Mr. Durward.

In November 1936, he was seconded to the Iraq Government for three years
as Director of the recently formed Iraq Meteorological Service. His efforts in
developing and organizing an efficient meteorological service and in training



Iraqi staff in meteorological duties were prodigious, and well merited the award
of the Order of Rafidain bestowed on him by the Iraqi Government in March
1940.

On his return to the United Kingdom he was posted as Principal Technical
Officer to be Head of one of the Branches of the Royal Air Force Division of the
Meteorological Office in March 1940, and later as Head of the Overseas Branch,
in November 1941. In the winter of 1943—44 he went by air to the South-East
Asia Air Command making a detailed inspection of all important R.A.F. Staging
Posts en route.

In April 1946 he was promoted to the post of Assistant Director (Civil
Aviation) and in January 1948 he was promoted to the grade of Deputy Chief
Scientific Officer to undertake the duties of Deputy Director in charge of the
provision of meteorological services for the Army, the Royal Air Force, the
Ministry of Civil Aviation and the Ministry of Supply.

Since the conclusion of the Second World War Mr. Durward has become
increasingly well known in international meteorological circles, has frequently
undertaken the chairmanship of some of the meteorological committees, and has
taken a leading part in the formulation of meteorological procedures and prac-
tices, particularly those for aviation in the early days of the International Civil
Aviation Organization. His world-wide interests in meteorology may be appre-
ciated from the list of international meetings at which he has been a delegate.
He was an adviser at meetings of the Synoptic Weather Information Commission
of the International Meteorological Organization, and was the principal United
Kingdom delegate at meetings of the Aeronautical Commission of the same
organization both before and after it became the World Meteorological Organi-
zation. He was also a principle delegate at meetings of the International Civil
Aviation Organization of the North Atlantic, South Pacific, Caribbean and
South Atlantic Regions; of special Meteorological Division meetings; and of
Joint Support meetings in respect of meteorological services in Greenland and
Iceland and of the operation of ocean weather ships in the North Atlantic.

Mr. Durward was also concerned with meteorological services in liaison with
the Colonial Office. Mention may be made of his visits to the West Indies in
1945 and to British West Africa in 1947 for the purposes of advising on the meteo-
rological organization necessary to replace the war-time organization which had
been developed as a Meteorological Office responsibility.

In recognition of his invaluable services, in June 1953, Mr. Durward was made
a Companion of the Order of St. Michael and St. George, an honour which gave
great gratification particularly to those members of the staff who have had the
good fortune to serve under him.

Since his retirement from the post of Deputy Director (Services) on December
31, 1954, Mr. Durward has been Scientific Officer to the Director of the Meteo-
rological Office, in which capacity his aid was invaluable before and during the
Second Congress of the World Meteorological Organization held at Geneva
from April 14 to May 13, 1955, and the Conference of Commonwealth Meteo-
rologists held in the Air Ministry, Whitehall Gardens, during May 2326, 1955.

A host of colleagues with happy recollections of his geniality, able guidance
and willing assistance at all times wish Mr. Durward a long and very happy
retirement.
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VARIATION WITH TIME OF WINDS AT 40,000 FT.
AND 50,000 FT. OVER SINGAPORE
By L. S. CLARKSON, M.Sc.
Introduction.—The general significance of specified statistical parameters in
relation to atmospheric circulation at high altitudes in the tropics and
subtropics has been discussed by N. E. Davis!, while Durst? has investigated the
variation of upper wind with time (and distance) in an analysis which deals
mainly with the results of observations made over the British Isles, although
some data for equatorial regions are included.

In view of Durst’s conclusion, “Unless winds are available from accurate
contour charts, the route wind for high-altitude flights is best obtained from
actual winds by the use of regression equations, and in the tropics this is always
so, since geostrophic winds have no real significance”, it was considered worth
while to make a comparative statistical investigation of the variation of high-
altitude winds with time over Singapore.

Analysis.—The vector mean wind Vj and the standard vector deviation o
at 40,000 ft. and 50,000 ft. over Singapore have been evaluated separately for
each month from Army radar wind determinations considered by Hay3, and
from the daily ascents at 0300 6.M.T. subsequently undertaken by the Malayan
Meteorological Service.

Vector differences between the winds observed at 0300 and 1500 G.M.T. have
been obtained from the daily observations covering November 1953 to Decem-
ber 1955, inclusive, and the standard vector variation in 12 hr. g,,, calculated
for each month. Similarly from consecutive daily observations at 0300 G.M.T.
the standard vector variation in 24 hr., ¢,,, has also deen computed.

Values have been calculated of the stretch vector correlation coefficient r,
between winds separated by a time interval of ¢ hr. from the relation given by

Durst?
o, \ 2
rnn=1— ‘l‘(—t>
g

V,, the statistically most probable wind to be expected ¢ hr. after an observed
wind V, is given by the equation

V.,=Vg—1 (V= V),
and this is readily solved graphically by a diagram given by R. F. Zobel in an
unpublished memorandum, and reproduced here for convenience. In Fig. 1,
OA is drawn to represent the appropriate value of Vg, and OB the observed

wind V. Then OD represents the most probable wind V, when AD is made
equal to r; X AB.

The standard vector error, &, of wind estimates using the above regression
equation 1s given by
g =01 —r?2).
The standard vector error involved in adopting the vector mean wind Vp for
the month as an estimate is given by ¢, whilst that of using an observed wind as
a forecast of the wind 12 or 24 hr. later is given by ¢,, and ¢,,, respectively.

Values of Vg, 0, 015, G4 &2, and &,4, with (in brackets) the numbers of
observations or pairs of observations on which they are based, have been
entered in Table I. Corresponding values for winds over Larkhill at 200 mb.

99



FIG. I

taken or calculated from the data in Durst’s? Table VII have been included
for comparison.

Discussion.—The vector correlation coefficients of wind at 40,000 ft. with
time for Larkhill and Singapore are comparable, although the 50,000-ft. winds
separated by 12 hr. and 24 hr. are more highly correlated over Singapore.
However, because of the lower variability, the standard vector variation in
12 hr. and 24 hr. is much smaller for Singapore than at corresponding heights
for Larkhill. In consequence, the standard vector error involved in quoting
the latest observed wind at 40,000 ft. or 50,000 ft. as an estimate of the wind to
be expected 12 hr. or 24 hr. later over Singapore is roughly half the 33 kt.
quoted by Durst? as the standard vector error of forecasts made at Dunstable
of the wind 24 hr. ahead at 300 mb. over Larkhill in July 1951.

TABLE I—UPPER WIND STATISTICS OVER SINGAPORE AND LARKHILL

Vector Standard Stretch

mean wind Standard vector deviations vector errors | correlation

coefficients

Vr g 012 G &12 €21 12 Ta4

° kt. knots
Winds at 50,000 ft. over Singapore
January ... 100 37 22 (64) 17 (45) 19 (44) 16 17 | 0-70 o0-64
February ... 100 30 34 (75) 16 (53) 20 (50) 16 19 |08 0-83
March ... Jo70 10 26 (85) 15 (59) 20 (54) I5 18 {083 o-71
April ... | o080 <20 20 (78) 13 (59) 17 (58) 12 15 | 078 o0-65
May wo o070 275 19(78)  16(59) 17 (54) 15 15 064 0-62
June . | 075 36 24 (75) 17(53)  24(54) 16 21 o077 o0-51
July ... 1080 41 23 (776) 17 (59) 21 (56) 16 19 | o074 o0-60
August ... | 075 5I 22 (64) 23 (49) 23 (43) 20 20 | 046 o0-44
September o080 42 28 (65) 20 (45) 24 (39) 19 22 | 074 o0-63
October ... | 080 37 19 (77) 15 (52) 19 (52) 14 16 | 068 o0-53
November 090 40 22 (97) 16 (75) 21 (74) 15 18 {073 o0-54
December 100 30 24 (70) 16 (53) 19 (46) 15 18 {0-98 o0-68
Winds at 40,000 ft. over Singapore
January ... 110 21 13 (65) 12 (47) 16 (45) 11 13 | 059 o0-28
February ... 115 26 17 (78) 14 (55) 15 (54) 12 13 | 0-68 0-62
March ... 110 16-5 16 (85) 12 (59) 18 (54) 11 15 | o074 o0-37
April 100 16 14 (79) 11 (6o) 12 (58) 10 11 0-72 0-61
May ... | 080 20-5 | 16(81) 12 (60) 17 (56) 11 14 | 071 046
June ... o070 34 16 (81) 14 (55) 17 (56) 12 14 | 060 o0-39
July ... |o75 38 16 (84) 15 (62) 17 (60) 13 i4 | 059 0-48
August ... | o075 41 17 (77) 15 (56) 19 (51) 13 16 [ 062 o0-38
September o70 38 18 (71) 16 (52) 18 (49) 14 16 | 060 0-49
October ... | 080 24 15 (81) 13 (57) 15(57) 12 13 | 0-61 0-47
November 095 25 14 (g6) 13 (75) 15 (72) 11 13 [ 0-61 o049
December 110 21 14 (78) 14 (55) 15 (50) 12 13 | 056 048
Winds at 200 mb. over Larkhill

March-May | 290 21 35 29 24 26 30 | 066 053
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From Durst’s Fig. 4 the ratio ¢,/o for ¢ = g hr. can be found to be approxi-
mately 0-36, so that with an annual standard vector deviation at 200 mb.
equal to 42 kt., 15 kt. is obtained as the estimated standard vector variation
of winds at 40,000 ft. in g hr. over Larkhill. Thus for Singapore, quoting the
vector mean 40,000-ft. wind for the month as a forecast will achieve about the
same accuracy as will taking an observation of the 200-mb. wind g hr. old as
representative of current conditions over Larkhill. Furthermore, for Singapore
we can do appreciably better than using the vector mean as a forecast by
adopting instead the appropriate regression equation, in which case the
standard vector errors of 12-hr. and 24-hr. wind forecasts are reduced to
approximately 10-15 kt. at 40,000 ft. and 15—20 kt. at 50,000 ft.
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WEATHER OF 1955
By R. E. BOOTH

The year on the whole was dry and sunny, cold during the first half and
warm and mild during the second. It was notable for the cold winter when
particularly heavy snowfalls and low temperatures were experienced in
Scotland, the brilliant warm summer when many stations in the north-west
exceeded long-standing sunshine records for July, the lateness of the seasons,
and the long periods of drought which reached serious proportions in some
parts of the country.

Temperature was below the average in each of the first six months of the
year apart from April, and particularly low during February in Scotland and
Northern Ireland. From July to December each month except October was
warmer than average, especially August in the Midlands and the west of
England. During the first six months rainfall was above the average in
England and Wales except during March and April, but in Scotland, however,
below the average every month except May. During the latter half of the year
rainfall was below the average except during September, October and
December in Scotland. Throughout the year the dry weather was particularly
outstanding in Scotland and north-east England. Sunshine was above the
average except during January, June, November and December in England

and Wales.

Development of the synoptic situation.—From January 1 to March 22,
anticyclones either over the Continent or in the region of Greenland main-
tained cold wintry weather over the British Isles, with an inflow of a cold
easterly air stream from the Continent alternating with an arctic or polar air
stream from the north, except for a period of milder south-westerly winds from
January 19 to February 8. A mild south-westerly air stream with rain at times
predominated during the first and last weeks of April and at the beginning of
May, but during April 10~24 an anticyclone was almost stationary over the
British Isles, and weather was dry and sunny with a drought over the major
part of the country. An influx of arctic air from near Greenland brought
unusually cold weather during May 10-21; snow extended as far south as
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Bournemouth on the 17th. Active depressions off the south-west seaboard gave
generally unsettled but rather cold weather during June and the first few days
of July. On July 6 a ridge from the Azores anticyclone developed north-
eastwards over the British Isles, and, except for an unsettled period August
14-19, the whole of the remainder of July and most of August was brilliantly
fine and warm with pressure high from the region of the Azores across the
British Isles to Scandinavia. A persistent low-pressure system near Iceland
maintained mild and unsettled weather during the first half of September,
but there were finer periods during the latter part of the month. The first
major depression of the autumn crossed southern Scotland on October 5
accompanied by widespread and sometimes heavy rain and gales. The second
week of October was unusually mild, but an arctic air stream on the 15th
brought snow showers to Scotland and isolated sleet showers as far south as the
Midlands. A large low-pressure system near western Ireland gave mainly
unsettled weather during the period November 2—11, but during the remainder
of the month the weather was anticyclonic and mostly dry and cooler. A
generally mild westerly air stream which persisted during the greater part of
December was interrupted by the break through of arctic air which spread
over the country on the 11th and 17th; on the 20th snow fell continuously for
more than 16 hr. in east Yorkshire and lay up to 14 in. deep.

Figs. 1-6 are maps of mean monthly barometric pressure prepared by the
Overseas Climatological Branch for three winter and three summer months of
1955. It will be seen that the mean isopleths for January show the predomi-
nance of south-easterly winds over the British Isles during that month; in
February mainly north-easterly winds were experienced, whereas in March
winds were probably more northerly. During the summer months the July
and August maps show a ridge from the Azores anticyclone firmly established
across the British Isles, but in September the ridges had receded southward to
the Bay of Biscay and in general there was a south-westerly air stream across
the country.

Apart from transitory ridges only one well established anticyclone remained
over the British Isles during the first half of the year, that which persisted
from April 10 to 24, but during the second half of the year there was a period of
anticyclonic weather every month.

Eleven major periods with arctic or polar air may be identified throughout
the year; dates of commencement of the cold influx were: January 11,
February g, March 28, May 10, June 7, September 13, October 15 and 26,
November 20, December 11 and 17; the most severe was that during May.
Arctic or polar air spread over the country every month except the pre-
dominantly anticyclonic months of April, July and August.

Absolute droughts occurred during the months of April, July, August, and
November.

Lateness of the seasons.—Wintry weather did not begin in the British
Isles until January 1, and continued with some intervening milder periods
until the end of March. The backwardness of the season was maintained during
April, for although there were many sunny days there were no spells of warm
weather. Spring was unusually cool, and summer weather really began on
July 6 when a brilliantly sunny day marked the beginning of a period of
unusually warm, dry and sunny weather which lasted until about the end of
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September. Late summer merged into autumn during October, the first month
with temperature below the average since June, and apart from some wintry
showers, mainly on high ground in the north but which extended as far south
as the Chilterns and Exmoor on December 11, there was no real wintry
weather until about December 20 in the north and none in the south-east.

Highlights of the year.—Winter.—During January and February snow
lay to a depth of 18—24 in. over large areas of north and east Scotland, with
drifts caused by high winds up to as much as go ft. deep. Many farms and
villages were completely isolated for weeks and had to be supplied by air. This
operation caused considerable interest in the press and elsewhere as it was the
first time that organized relief had been carried out on such a large scale in the
British Isles. Exceptionally low temperature was recorded in Scotland.
During February temperature ranged from —18°F. at Braemar on the 23rd
to 55°F. at Lephinmore on the 1st; the minimum temperature was the lowest
screen temperature recorded in the British Isles since 1895, and the range of
68°F. for the month has only been exceeded twice—in February 1897 and
January 1871—during 100 yr. of Scottish records. There were some remarkably
cold periods; at many places temperature was continuously below freezing
during January 11-18 and fell below o°F. during February 22-24; on these last
three days temperature at Dyce fell to —7°F., —5°F. and —5°F. respectively.
Mean temperature was particularly low over a large part of north Scotland; for
example, it was 14°F. lower than normal during the week beginning
February 20. Among the places which had unusually cold days was Dal-
whinnie where temperature did not rise above 15°F. on January 14 or above
18°F. on either February 20 or 22. Temperature in England and Wales was
not so low, but there was an extremely cold period during January 15-20
when temperature frequently fell to 15°F., and during the last week of February
the mean temperature in the Midlands was 11°F. lower than the average.
Very cold weather continued into March; Birmingham had its coldest March
since 1916, and only in 1917 has March been colder at Kew since 1892.

The first week of January was exceptionally dull in eastern England, where
most districts had g per cent. or less of their normal amount of sunshine. In
contrast north and west Scotland had more than double the seasonal average
of sunshine during February; Stornoway’s total of g6 hr. was the best in
February since 1881, whilst at several other stations it was the sunniest
February for 40 yr.

A severe gale south-west of England on March 23 drove the Norwegian ship
Venus (6,272 tons) on the rocks in Plymouth Sound and other shipping suffered
considerable damage. At some places mean hourly wind exceeded 33 kt. for
more than 12 consecutive hours; a gust of 73 kt. was recorded at Lizard and
82 kt. at Scilly.

Spring.—The most remarkable feature of the spring was the snow which
spread from Scotland to the south coast of England on May 17; parts of
Wiltshire and Dorset had the worst mid-May snowstorm in living memory with
snow lying to a depth of g in. over a wide area. Unusually low maximum
temperatures of 40°F. or below were recorded at several stations including
Ross-on-Wye where 40°F. was the lowest maximum temperature recorded
during May at that station since 1875, whilst at Aberystwyth the temperature
only reached g6°F.
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Rainfall during May was also exceptional; many places had twice their
monthly average and Hastings its wettest May since records began there in 1875.

Sunshine was above the average during April and May—Edinburgh had its
sunniest May since 19o1—but June, generally accounted one of the summer
months, was remarkably dull and cold. Unusually low temperatures were
experienced on the gth when 24°F. and 22°F. were recorded in the screen at
Glenlivet and Dalwhinnie respectively, the latter being the lowest temperature
recorded anywhere in the British Isles in June for 100 yr.

Summer.—The summer, although it began late, was notably sunny, warm and
dry. Temperature in England and Wales rose to go°F. during both July and
August; this was the first time for 22 yr.; apart from 1947, that temperature
had risen so high in both these months. In the south of England temperature
rose daily to between 85° and go°F. from August 20 to 25. In Scotland the
mean August temperature, except for 1947, was the highest for any August
since 1857; Elgin recorded 89°F. on the 25th and no higher temperature has
been recorded in Scotland during August since 1876.

For Great Britain as a whole the two months taken together rank as the driest
July and August since 1869, and also as the warmest and sunniest since 1g11.
There was a drought in many places from July 4 to August 8. Several places
were completely rainless during the drought period including Camborne in
Cornwall where there was no rain whatever from July 1 to August 2 and a
total of only 0-36 in. for the two months. A second drought developed at many
places from Sussex to Cornwall during the last three weeks of August; July to
September was the driest of any similar period of three months for 85 yr. in
England and Wales and also the driest, except for 1913, in Scotland over the
same period.

There were several noteworthy thunderstorms, the one over Dorset on
July 18 being the most outstanding; 11 in. of rain fell at Martinstown near
Dorchester in 24 hr. This was by far the greatest fall ever recorded in the
British Isles during the rainfall day; the second greatest occurred at Bruton,
Somerset, during a storm in June 1917, when about ¢-6 in. of rain were
collected. A ““very rare’ fall was recorded, also on July 18, at Neath, Glamorgan-
shire, when 3-32 in. of rain fell in 120 min. During heavy thunderstorms on
August 13, 3-44 in. fell in 8o min. at Annaghanoon, County Down, and
3-50 in. in 120 min. at Sittingbourne, Kent.

Sunshine during the summer was outstanding, especially in the north-west,
July being the sunniest month when many long-standing records were broken.
During the second and last week of July sunshine was more than twice the
average over Wales, north-west England, western Scotland and northern
Ireland; it was 377 per cent. of the average in south-east England for the week
commencing July 17. At Southport, July 1955 was the sunniest of any month
since observations began in 1896, and many other stations had never recorded
so much sunshine in July though in some cases observations covered a period of
over 70 yr.

Autumn.—The relatively dry weather continued throughout the autumn in
England and Wales, an unusual feature being the number of stations, chiefly
in the southern half of England and in Wales, recording an absolute drought in
November, a month which usually has few droughts!. It lasted in many places
from the 11th or 12th to the 2gth or goth, and following such a dry summer
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forced some authorities in north-east England to introduce water rationing.
The autumn drought contrasts sharply with the heavy rainfall experienced in
south-east England during the third week of October, which was over four
times the weekly average. A four-day period of fog occurred in the Midlands
during November; fog persisted day and night at Manchester from the 17th
to the 2oth inclusive.

1955 will undoubtedly be remembered in north Scotland for the severe
winter and unusually heavy snow; in north-east England as well as in Scotland
for its unusual dryness; in the north-west of the country for the exceptionally
sunny July; and in Dorset for the phenomenally heavy thunderstorms on
July 18.
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AIR TEMPERATURES DURING SNOWFALL AT OCEAN WEATHER
STATION 1
By R. F. M. HAY, M.A.

The tragic loss of the two British trawlers Lorella and Roderigo during a storm off
Iceland on January 26, 1955, is still a comparatively recent memory. At that
time the two ships were on a fishing voyage a short distance north of North
Cape, Iceland, when they encountered severe north-easterly gales, accom-
panied by low air temperatures, which lasted for several days. Spray from the
heavy seas breaking over the vessels caused an accumulation of ice on their
superstructures in such large quantities that both ships eventually capsized
with the loss of all hands. A Public Inquiry into the losses of these trawlers was
held recently, and, as a part of the meteorological evidence which was pre-
pared, data were extracted in more detail than previously available regarding
air temperatures at which snow and other forms of wintry precipitation fall
over the open ocean. Data for ocean station I, the position of which for the
purposes of this note can be regarded with sufficient accuracy as 59°00'N.
19°00'W. throughout the period considered, were used, and since the results
have a general interest they are included in this note. When the work was
undertaken, data for this ocean weather station were available on punch cards
for the period between January 28, 1948 and May 26, 1954. The elements
tabulated were the times of observation (in all cases synoptic hours), together
with air and sea temperature, wind direction and force, and present weather.

On the punched cards three columns are allocated for describing present
weather, in accordance with the code

1 = Snow 6 = Thunder
2 = Squalls 7 = Hail
3 = Rain 8 = Lightning
= Passing showers 9 = None of the above reported
5 = Drizzle No observations = 000

The code thus makes it possible to distinguish between cases of snow, sleet,
snow squalls and also of snow (or sleet) associated with hail.

In order to compare the results with those of a land station, comparable data
were extracted for Shawbury (52°48'N., 2°41'W., height 249 ft. above M.s.L.)
which, besides being a station for which such data were available, was also
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considered to have a suitable land exposure. All occasions of snowfall at
synoptic hours (0ooo, 0300, 0600, 0goo, 1200, 1500, 1800 and 2100, G.M.T.)
during the period November 1946-May 1955, i.e. nine seasons, were examined
and the corresponding air temperatures tabulated. The results are given in
Table I which gives the number of observations, the mean air temperature,
and the upper and lower 10-percentile values of temperature in which snow,
sleet and hail occurred at Shawbury. The same data are included for station I
with the addition of mean values of sea temperature observed during the same
periods. Some idea is given in Table II of the diurnal variation of the
frequency of snowfall at Shawbury and station I.

TABLE I-——COMPARISON OF TEMPERATURES AT WHICH SNOW, SLEET AND HAIL FELL
AT SHAWBURY AND STATION I

Shawbury Station I
Air temperature Air temperature Sea
Upper Lower | No. of Upper Lower temper-{ No. of
10 10 obser- 10 10 ature | obser-
Mean per- per- | vations | Mean per- per- Mean | vations
centile centile centile centile
degrees Fahrenheit degrees Fahrenheit
Snow gr-r 338 27-1 272 36-0 400 325 47°2 124
Sleet o | 351 371 333 94 39'3 44'5 360 477 31
Snow squalls... 372 44°5 32°0 475 34
Snow (or sleet)
and hail ... 31'0 343 27°9 27 371 41°5  32°5  47°3 21

TABLE II—DIURNAL VARIATION OF SNOW, SLEET, AND SNOW OR SLEET AND HAIL

0000 0300 0600 0goo 1200 1500 1800 2100
number of observations

Shawbury
Snow 29 33 33 46 39 36 31 25
Sleet 18 11 16 7 10 4 10 18
Snow (or sleet) and hail ... 1 3 1 5 6 3 4 4
All types of snowfall 48 47 50 58 55 43 45 47

Station I
All types of snowfall 33 21 14 23 31 32 26 30

The mean values of the air temperatures at which snow and sleet occur at
the ocean weather station I (36-0° and 39-3°F.) are thus substantially higher
than the corresponding values for Shawbury (31-1° and 35-1°F.). The main
reason is undoubtedly the relative warmth of the sea on the occasions of
snowfall at station I, which results in a steep lapse rate being formed in the
lowest layers. Over the land in winter on the other hand it is not uncommon
for snow to fall from an approaching front through an isothermal layer or
even an inversion. A fairer comparison can be made between snowfalls at
station I and at Shawbury in spring when cold air is often travelling over a
heated land surface, although the physical circumstances are not entirely
similar since a supply of cold air quickly cools a land surface although it makes
little difference to the sea-surface temperature. The fact that the differences of
air temperature (station I minus Shawbury) between the various months,
given at the end of Table III, do indicate some decrease from winter to spring,
suggests that this explanation is correct.

The Shawbury data referred to a period which is just over two years longer
than the period used for station I and included the cold winters of 194647
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and 1954-55. As a check the corresponding mean air-temperature data were
extracted for Shawbury for the period November 1947 to May 1954. For this
period the mean temperatures at which snow and sleet fell were 32-2° and
35'3°F. respectively, 1-1° and 0-2°F. higher than those found for the longer
period used in the tables. The values in individual months for the shorter
period showed very close agreement, except for snow in January when the
value was 1-2° higher and in February when the value was 1-1°F. lower than
the longer-period values. The conclusion that the temperatures at which snow
(and also sleet) fall are substantially lower at Shawbury than at station I thus
appears to be justified.

TABLE III—SURFACE TEMPERATURE ON OCCASIONS OF SNOW OR SLEET
Shawbury

Snow Sleet
Temperature Temperature
Upper Lower Upper Lower
10 10 No. of 10 10 No. of
Mean per- per- | occasions| Mean per- per- | occasions
centile centile centile centile
degrees Fahrenheit degrees Fahrenheit
November ... 330 (33°7) (32-2) 14 34°9 9
December ... 32-2 33°9 30-2 32 35-1  (38-8) (33-2) 19
January ... | 303 337 271 58 35°6  (38:4) (33°4) 18
February ... 322 33-8 26-1 Il 35°1 37°1 33-6 20
March 32-4 34-8 29°4 51 34-6 36-9 32°5 26
April 34°9 6 o
May... o 40-5 2
Station I
Mean temperature
differences
Snow Sleet Station I minus
Mean No. of Mean No. of Shawbury
temperature occasions | temperature occasions Snow Sleet
°F. °F. °F.
October 42°0 2 (39°0) 1
November ... (35-0) 1 o (2-0)
December ... 35-6 15 37-8 6 34 27
January 34-8 24 424 5 4°5 6-8
February 354 35 377 6 3-2 2-6
March 36-8 19 38-1 8 4°4 3°5
April ... 36-7 23 (37-0) 1 1-8
May ... 37-8 5 424 4 1-9

The figures in brackets are estimates where there are insufficient observations to give a true
percentile or a mean.

The higher humidity of the air in the lowest layers over the sea, as compared
with the lowest layers of air over the land, can hardly be a reason for the
occurrence of snowfall with higher temperatures over the sea than over the
land; since the condensation which would occur on snowflakes falling through
a very moist atmosphere would melt them more quickly than would otherwise
be the case.

The figures for diurnal variation of frequency of snowfall show mainly the
kind of variation which would be expected. Over land where the diurnal
range of temperature is appreciable even in winter, snow or sleet is most
frequent around o0goo G.M.T. At station I there is a maximum around
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1500 G.M.T., presumably associated with the diurnal increase in the amount of
cold-front rain in the afternoon first described by Goldiel. There is another
equally pronounced maximum around midnight, which is possibly due to the
passage of warm occlusions on occasions when the surface air temperature is
lower than about 42°F. This would accord with the observation, also due to
Goldie!, that the maximum frequency of rainfall of warm-front type occurs
during the night hours at stations along the north-west seaboard of Great
Britain. It is also a result to be expected from the development of instability
in the layers below medium cloud level at night, due to cooling by radiation?.

The fact that snow and sleet occur at station I which is several hundreds of
miles from the nearest land, at temperatures some 4—5°F. above those at which
snow occurs most frequently at a typical land station in the British Isles is of
some significance for the forecasting of visibility over the open sea at low
temperatures. At temperatures below 40°F. (see Table I) precipitation at sea
must occur more frequently in the form of snow than it does over land (other
things being equal), and snow or sleet is more effective in reducing visibility
than drizzle or rain. The frequent spells of poor visibility in sub-arctic and
sub-antarctic waters associated with old occlusions on the poleward sides of
stagnating depressions, must be prolonged to some extent from this cause in
comparison with similar spells over land.
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OPACITY OF THE ATMOSPHERE AFTER JULY 1953

By S. FRITZ
(United States Weather Bureau)

On the basis of measurements during total eclipses of the moon and visual
evidence by other investigators, de Vaucouleurs! suggested that extensive pollu-
tion existed in widespread regions of the earth’s atmosphere on July 26, 1953.
He suggested that this might have been introduced into the atmosphere by the
eruption of an Alaskan volcano on July g, 1953. In order to investigate further
the spread of the volcanic dust, de Vaucouleurs also suggested that a check be
made of the pyrheliometric data in widely separated areas.

Such a check of the pyrheliometric data for stations in the United States has
been made with the results shown in Fig. 1. The basic data are measurements
of the direct solar beam. These measurements are made with Eppley normal-
incidence pyrheliometers at Lincoln, Nebraska, and Blue Hill in Milton, Massa-
chusetts. The more precise Smithsonian silver-disk and modified Angstrém
normal-incidence pyrheliometers are used at Table Mountain, California, and
a silver-disk pyrheliometer is used frequently to check the Eppley instrument at
Blue Hill. The data shown in Fig. 1 are the percentage departures D of the
average monthly radiation from the monthly normal; the ‘“normal” was based
on the 19-yr. period 1934-52, since the Blue Hill record began in 1934. The
small numerals on each curve show the number of ohservations made during
each month. The data for Blue Hill and Lincoln were taken from Climatological
Data?, published by the Weather Bureau; for Table Mountain, the data were
kindly supplied by Mr. L. B. Aldrich, Director of the Astrophysical Observatory
of the Smithsonian Institution.



The instructions to the observers at the Weather Bureau stations, Lincoln and
Blue Hill, are that observations should be taken at specified solar zenith distances
Z only when there are no clouds obscuring the sun. This is sometimes a some-
what subjective matter and undoubtedly introduces some fluctuation into the
data. At Blue Hill, a new observer reported for duty near the end of 1951, and
has taken observations there since the beginning of 1952. He has chosen only
the “clearest” skies, so that for &= y0-7* the “normal’’ appropriate to his obser-
vations is apparently about 11 per cent. higher than the normal for the period

1934-52.
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FIG. 1.—SOLAR RADIATION INTENSITY

In September 1953, all three stations showed D below normal and this situ-
ation prevailed until March 1954. My colleague, Mr. Enger, has found the
measurements from each station for the period 1934-52 to be uncorrelated with
those from either of the other two stations; moreover, he has found that during
the six-month period, October 1953—March 1954, the average value of D was
lower than the average D for any consecutive six-month period before August

111



1953 at each of the stations*. For this to have occurred simultaneously at all
three stations is a rare event indeed.

The cause of the decreased radiation is speculative, although the eruption of
the volcano on July g in Alaska is suggestive. Moreover, the lunar-eclipse meas-
urements suggested some effect in July over large parts of the earth; but from
the data of Fig. 1, because of the large fluctuations, we cannot conclude that
the atmosphere was unusually opaque in the United States during July 1953.
It apparently was unusually opaque during the following October to March.

Study of pyrheliometric data is continuing here, and a more detailed report
may be published later.
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METEOROLOGICAL OFFICE DISCUSSION
Meteorological aspects of solar radiation

The discussion, which was held at the Royal Society of Arts on Monday, January 16, 1956,
was opened by Mr. G. J. Day.

Mr. Day suggested that the importance of the study of the interaction of solar radiation with
the earth’s atmosphere was evident from two widely divergent aspects—dependence of the
atmospheric circulation on radiation and the influence of the local radiation climate on the
pattern of everyday life. He mentioned that radiation data were important in civil, aero-
nautical and agricultural engineering.

The sun emits electro-magnetic waves of wave-lengths between about 10~ and 10%u (10 Km.)
of which meteorology has been concerned with the band between o-2 ¢ and 50 w.

The intensity of the solar beam at normal incidence on the outer limit of the atmosphere is
about 2-0 cal./Jem.2/min. Of this about 40 per cent. is returned to space without change of wave-
length, and the remainder is absorbed by the earth and atmosphere and eventually re-radiated
to space with a changed spectral distribution.

The spectral distribution of solar radiation corresponds roughly to that from a black body at
6,000-7,000°K. for wave-lengths between 0- 45 and 25 ¢ and at 4,000-5,000°K. for wave-lengths
between o-2 and 0-45 . For wave-lengths less than o-2 u radiation from the solar corona is
important, and lines corresponding to coronal temperatures of about 10°°K. occur in the spec-
trum. The fairly sharp change in spectral character at about 0-2 p has recently been confirmed
during a rocket ascent to 112 Km.

The flux of radiation in free space (the solar constant) has been estimated to be about 1 - 94 cal./
cm.?/min. by the Smithsonian Institution workers. As a result of rocket ascents over America
and accurate ground-level spectro-bolometer studies of atmospheric attenuation, Johnson! has
recently disputed this value and has suggested an amended one of 2:0040-04 cal./cm.%/min.

The return of the unmodified radiation to space is achieved by scattering processes in the
atmosphere and at the earth’s surface. Atmospheric gas molecules give rise to Rayleigh scat-
tering, but even in the cleanest atmosphere there is additional scattering which Fowle? correlated
with water-vapour content. It has been shown, however, that the additional attenuation is
probably particulate in origin, and Angstrém suggested that it is due to scattering and absorption
by natural and artificial nuclei; scattering by larger particles and by undetected cloud also
contribute. Data gathered at Kew? suggest a total attenuation of about 10 per cent. of the
incident radiation from these causes. It is not thought that scattering by volcanic dust and the
smoke from forest fires can have any noticeable effect on surface temperatures over considerable
areas, since although the direct radiation may be attenuated the diffuse radiation is enhanced
and the total not greatly reduced.

Theoretical work by Hewson* shows the considerable effect of cloud on the local flux of radia-
tion. This work is considered to be based on faulty assumptions, but yields a reasonably good
result for the solar altitudes experienced in temperate and high latitudes. Hewson’s predictions
of the amount of reflection by clouds is partly confirmed by Aldrich® who obtained albedos of
about 0-8 for stratocumulus clouds; these appeared to be independent of cloud thickness.
Observations from Meteorological Research Flight aircraft, however, show considerable varia-
tion between 0- 28 and 0-84 with no consistent variation with cloud thickness. Similar measure-

*The average for the period April 1952-September 1952 was lower at Table Mountain, but
this was influenced significantly by April 1952 which had only one observation. Also, in 1929,
a six-month period-with a lower average value occured at Table Mountain.
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menlts in America by both Fritz8 and Neiburger’ support the Meteorological Research Flight
result.

Reflection of solar radiation by the earth’s surface is very variable. Land surfaces have albedos
between o-1 and o-3 rising to 0-8 for new snow and about 0-5 for old. The albedos of sea
surfaces are a function of the state of the surface and the solar altitude, and range from o-o03 for
zenith sun over smooth sea to about 0-4 for low-altitude sun. The roughness of the surface
produces a significant change only for low-altitude sun. Measurements from Meteorological
Research Flight aircraft over the English Channel have given albedos between 0-06 and o0-07.

The total albedo of the earth is the sum of the separate contributions, and has been determined
to be 0- 39 for the visible spectrum by measurements of the intensity of the earthlight and sunlight
reflected from the moon. By combining this figure with estimates of the other eomponents, Fritz
arrived at an average value of 0-05 for cloud. This value may be compared with that of 0-43
for the mean atmosphere in summer and 0-49 in winter obtained by Blackwell, Eldridge and
Robinson® from the Kew radiation data. A completely overcast atmosphere at Kew had an
average albedo of 0- 56.

Mr. Day then considered the 60 per cent. of the incident radiation which is modified in spectral
distribution by the earth and its atmosphere. Of this about 2 per cent. is absorbed in the strato-
sphere above 20 Km., 15 per cent. in the troposphere and the remainder by the earth’s surface.

The low density of the high atmosphere results in large temperature changes consequent on
small changes in radiative flux. This fact has led to recent suggestions that there is a connexion
between radiation effects on the high atmosphere and surface synoptic features; Palmer® has
suggested that there is a close association between tropical high-level cyclones and sudden iono-
spheric disturbances. Similar suggestions by Farthing?® linked enhanced short-wave activity
during sun-spot activity with increased precipitation and the passage of cold fronts, though his
investigation was confined to the central Mid-West of the United States. It was suggested by
Mr. Day that, although the physical mechanisms were obscure and the simplicity of the associa-
tions remarkable, it was nevertheless desirable that such suggestions be investigated thoroughly in
view of the paucity of medium-range and long-range forecasting techniques.

Mr. Day now turned to the question of the absorption by atmospheric gases. It was noted
that solar radiation was of negligible energy for wave-lengths greater than 4 ¢ and that terres-
trial radiation was of negligible energy for those less than 4 p.; it was thus possible to treat the
streams of solar and terrestrial radiation quite separately with respect to absorption.

In the stratosphere absorption of the solar beam is controlled by the Hartley band of ozone
whilst in the troposphere the main infra-red bands of water vapour are of the greatest importance.
For terrestrial radiation water vapour is of the greatest importance in the troposphere, though
the carbon-dioxide band at 15 p has some effect, but in the stratosphere water vapour, carbon
dioxide and ozone are likely to be of comparable importance.

A knowledge of the interaction of the streams of solar and terrestrial radiation with the atmo-
sphere and the earth, may be applied to the qualitative explanation of the temperature structure
of the troposphere and stratosphere. The main regions of absorption of solar radiation are those
due to oxygen above about go Km., to ozone in the layer 30-50 Km. and to the surface of the earth.
At these points the atmosphere is heated leading to three main regions of relatively high tempera-
ture with minima between. Above the heated regions an approach to convective equilibrium
may be expected and consequently the appropriate adiabatic lapse rate. The temperatures at
the minima are probably controlled mainly by radiation processes.

About half the solar radiation reaching the earth is absorbed by the surface layers and produces
local temperature changes. An equilibrium is established in which solar energy input is balanced
by terrestrial radiation and various other losses. The equilibrium is much affected by the
presence of cloud. Over the oceans the energy input is distributed by mixing processes through a
considerable depth so that surface temperatures change little. About 30 per cent. of the incident
radiation is used in evaporating water thereby producing the moisture for weather phenomena.

The amount of radiation falling on unit area of a horizontal surface at the outer limit of the
earth’s atmosphere varies with latitude and season. Additionally the amount of radiation
reaching the earth’s surface is affected by cloud amount and the distribution of atmospheric gases,
particularly water vapour. It is found that incoming solar energy exceeds the outgoing terres-
trial radiant energy only between the equator and a latitude of about 30°, there being an overall
loss of energy from the earth-atmosphere system north of this latitude. Thus there is a transport
of heat from the equator to the poles to maintain the long-term mean temperature distribution.
This transport is achieved by the atmospheric circulation. Several workers have computed the
mean poleward energy transport, the various estimates being given in Table I.

TABLE [—POLEWARD MEAN ENERGY TRANSPORT ACROSS LATITUDE 4.00.

10?7 erg/day 10% erg/day
Simpson, 1928 ... 34 Raethjen, 1950 4°9
Simpson, 1929 ... 4-8 London, 1952 2-4

Baur and Phillips, 1934 3-8 Houghton, 1954 47
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Robinson!® has recently determined the energy budget of the atmosphere at Kew for one year
and for summer and winter periods. He used the observations reported by Blackwell, Eldridge
and Robinson?® and measurements of conduction through the ground and estimates of evaporation
for Kew by Roach. Only during the period May—July was there a net input of radiant energy
into the earth-atmosphere system at Kew.

The presence of clouds has a profound effect on the energy balance, and Hewson has computed
that absorption of solar radiation by clouds varies from 1 per cent. for very thin clouds to 7 per cent.
for dense ones. Fritz® has reported aircraft measurements of up to 20 per cent, however, and
measurements from Meteorological Research Flight aircraft of the radiation flux within strato-
cumulus sheets suggest absorptions of about 12 per cent.

For terrestrial radiation all water clouds thicker than about 50 m. behave as black bodies.
Little is known of the behaviour of ice-crystal clouds, but recent work by Houghton!! suggests
that tenuous cirrus cloud absorbs little more than would be expected from its constituent water
vapour; measurements made from an aircraft of the Meteorological Research Flight showed that
the emissivity of the earth for long-wave radiation was about go—95 per cent. and that of dense
water clouds always about 100 per cent.

Turning to a consideration of the instruments used for the measurement of solar radiation,
Mr. Day described the two commonly used sub-standard instruments—the Angstrém and the
Smithsonian silver-disk pyrheliometers—and stated that the Meteorological Office relates its
measurements to the Angstrém scale, which differs from the Smithsonian scale by about 3 per
cent. Continuous recording of solar radiation at Kew is achieved with Moll-Gorczynski thermo-
piles; one is mounted to receive sun-plus-sky radiation on a horizontal surface; another receives
sky radiation alone; and three further thermopiles record the intensity of the direct solar beam-
these latter are maintained normal to the solar beam by clockwork mechanisms.

The intensity of illumination is measured at Kew by a recorder in which a photo-cell corrected
by filters to standard eye response receives the radiation from an opalescent diffusing screen.

Finally the ventilated flux plate radiometer was described. This instrument is used to measure
the net flux of radiation in any direction by measuring with thermocouples the temperature
gradient produced through a thin blackened plate exposed normal to the flux of radiation. The
variable effects of natural convection are overcome by maintaining a constant blast of air over
the plate.

Mr. Day concluded by mentioning some typical applications of radiation data to everyday life.
These fall conveniently into the categories of agriculture and engineering, and include such
diverse matters as the part played by solar radiation in plant growth and the heat balance of
aircraft structures at great altitudes. In illustration of the application of radiation data the
question of weathering of materials, particularly in the tropics, was discussed in some detail.

Dr. Stagg opened the general discussion by welcoming the visitors from outside organizations
and inviting their participation.

My. Petheridge (Building Research Establishment) illustrated the application of radiation data
to architectural problems by referring to the design of a school at Caithness. Estimates were
made at Kew of the “luminous efficiency of daylight’ for Caithness from total solar radiation
data at Eskdalemuir and Lerwick. From this estimate daylight illumination at Caithness under
typical conditions was computed, and window sizes chosen which gave an acceptable compromise
between the need for natural illumination and that for adequate thermal insulation. He stressed
the need for illumination data for places other than Kew.

Mr. Hoare (National Institute for Agricultural Engineering) cited the heating and ventilation
of glass-houses as a problem in which radiation data were important. He discussed in particular
the varying need for moisture of a plant under varying radiation conditions, and remarked that
the plant was an integrator of radiant energy. Mr. Hoare concluded by emphasising the
importance of radiation data in the discussion of biological experiments.

Mr. Ward mentioned his interest in the dispersal of radiation fog, and asked whether there
was a simple and cheap instrument available for the measurement of radiation at outstations.
He asked whether measurements of solar radiation had been made at ground level in fog, and
whether there was any difference in the albedo of snow between total and diffuse radiation.
Mr. Day replied that the cheapest instrument now available was the ventilated flux plate radio-
meter. Therc was some hope that a modified Bellani distillometer with a horizontal sensitive
surface might prove acceptable for some purposes, and he referred Mr. Ward to Mr. Hoare’s
group for further information. Measurements of radiation in fog had been made at Kew inci-
dentally in the course of routine continuous recording but the data had not been extracted. Data
were available only for the albedo of snow for total radiation.

Mr. Hoare sought to place the importance of solar radiant energy in perspective by remarking
that far more energy is used by plants in fixing carbon than is used in producing electrical energy.
About 2 per cent. of the incident energy is used by the plant.

Mr. Spurr (Central Electricity Authority) remarked on the considerable difference in the
demand for electricity between clear and cloudy days, and requested that attention be paid to
the forecasting of daylight illumination.
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Mr. Ward asked whether there was a direct relation between daylight intensity and diffuse
radiation. Mr. Day, in reply, said that a factor termed the ‘“luminous efficiency of daylight”” was
used to relate the intensity of daylight to total solar radiation, and that this was well known for
Kew for representative conditions; the factor varied from place to place. There was presumably
a relation between diffuse daylight and diffuse solar radiation. Recording of diffuse daylight
was not at present undertaken within the Meteorological Office, and therefore no definite answer
could be given.

Mr. Page (Building Research Establishment) mentioned the need for tropical radiation data,
and called attention to the differences between the luminous efficiencies measured in the United
Kingdom, South Africa and the West Indies, and concluded with a plea for the organization of a
working group on radiation for the United Kingdom.

Mr. Veryard queried the opener’s statement that smoke and dust at great altitude did not
greatly affect total radiation and thus temperature at the surface.

Dr. Robinson, in reply to Mr. Veryard, stated that volcanic dust would only cause a significant
change in total solar radiation at the surface if it lay so thickly that multiple scattering processes
became important. He added that the effect of smoke and dust in the London winter atmosphere
was to increase depletion by scattering and absorption by 10 per cent. on average. In this con-
nexion he asked for an explanation of the increase in crop yield of tomatoes following the change
of location of a field station from the Lea Valley to the south coast. It would hardly be due to
the increase of total radiation.

Mr. Gloyne observed that the increase in the tomato crop was probably a threshold effect due
to the small extra amount of radiation in the early spring.

Myr. Hoare supported this statement and emphasized the importance of exceeding a threshold
amount of radiation in plant growth.

M. Gloyne asked what changes in spectral distribution of solar energy were caused by dust.
Mr. Day replied that sufficiently detailed filter measurements were not made in the Meteoro-
logical Office to answer the question, but agreed that it was one of some importance.

My. Sawyer sought information on the more explicitly meteorological aspects and asked what
variations in solar radiation might be expected over periods of five to ten days. Dr. Robinson
replied that it might be possible to integrate the solar radiation received over large areas for
various periods, and referred in illustration to Danjon’s lunar measurements which gave appreci-
able daily variations in the albedo of a whole hemisphere of the earth.

Dr. Stagg pointed out that Danjon’s work gave no indication of changes in the spectral distri-
bution, and remarked that it was believed that the ultra-violet component might be important.

Cmdr. Frankcom remarked that it was hoped to obtain solar radiation measurements at sea
during the International Geophysical Year, and asked whether any such work had been done
previously. Mr. Day said that he had no knowledge of earlier work; whilst agreeing that such
measurements were very desirable, he stressed the attendant instrumental difficulties.

M. Petheridge observed that some measurements had been made over the sea by the Marine
Biological Research Station.

Dr. Stagg asked whether instruments embodying distillation principles had been produced.
Mr. Day, in reply, described the Bellani type of instrument, and said that the new type with a
flat receiving surface showed considerable promise as a radiation integrator for use in field work.

M. Sawyer returned to the meteorological applications and said that he doubted the value of
correlations between solar flares and similar phenomena and weather.

Mr. Hayward (Imperial College) mentioned his interest in the application of solar energy to
house heating and similar matters, and stressed the need for a simple instrument of the calorimeter
type for field measurements of the heat energy produced by solar radiation.

Mr. Gold drew attention to the tendency to over-emphasize the need for local measurements
of solar radiation, and suggested that when data for a given solar elevation were known for clear-
sky conditions it was merely necessary to know the local cloud amounts in order to give a reason-
able estimate of average radiation conditions.
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OFFICIAL PUBLICATIONS

The following publications have recently been issued :—
GEOPHYSICAL MEMOIRS

No. g7—Some features of jet streams as shown by aircraft observations. By R. Murray, M.A.

The results of an analysis of aircraft observations of temperature, frost point, cloud and
turbulence near jet streams are presented ; brief mention is also made of reports of condensation
trails. It is shown from frost-point observations that between about 500 mb. and 200 mb. there
is on the average a horizontal gradient of humidity across the jet stream, with the moister air on
the high-pressure side. At about the level of the jet stream the average relative humidity with
respect to ice is about 50 per cent. at 250-300 nautical miles on the right of the axis, looking
down wind, and decreases to about 10 per cent. at the same distance on the left, but individual
jet streams show considerable variability. The average humidity distribution indicates the
existence of a relatively dry patch of air below the jet-stream axis in the vicinity of the frontal
zone at about 500 mb.

Layer cloud, both medium and high, is a feature of the high-pressure side of the jet stream,
although amounts vary from case to case; such cloud is rare at distances greater than about
100 nautical miles from the jet-stream axis on the low-pressure side. Iayer cloud does not appear
to occur above the level of the jet-stream axis. The average distribution of layer cloud and
humidity is discussed in relation to the surface fronts and a dynamical model is suggested. The
broad features of the accepted thermal structure of the upper troposphere and lower stratosphere
near jet streams are confirmed. The occurrence of clear-air turbulence near jet streams agrees
with the results put forward by Bannon.

PROFESSIONAL NOTES

No. 117—Barometric changes and the efflux of gas in mines. By C. S. Durst, B.A.

A relation is obtained connecting the variation of atmospheric pressure and the efflux of
methane in a coal mine. In one particular mine experiments were undertaken with the aid of
which the constants in the relation have been determined. Light is shed on the type of mine
which is liable to suffer from efflux of methane owing to sharp pressure falls.

Experiments were undertaken in forecasting high emission of methane, and it was found that
the forecasts from the Central Forecasting Office, Dunstable, are effective for this purpose on 65
per cent. of occasions.

No. 118—Rainfall of depressions which pass eastward over or near the British Isles. By J. S. Sawvyer,
M.A.

Depressions are classified according to the latitude in which they move eastward over or near
the British Isles. Maps of the average rainfall and frequency of rain from depressions in each class
have been constructed and are discussed. The rainfall amounts of individual depressions are
examined in relation to the characteristics of the depression concerned, but no relations have
been found which are close enough to be of much valuc in forecasting.

METEOROLOGICAL RESEARCH COMMITTEE

The 20th meeting of the Instruments Sub-Committee was held on October 20,
1955, under the chairmanship of Dr. A. W, Brewer who has succeeded Prof.
P. A. Sheppard. The development in the United Kingdom of a searchlight tech-
nique for the measurement of atmospheric density up to heights of 60 Km. has
been under study for several years. Memoranda on this subject by Dr. J. S. Hey
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and Mr. P. G. Smith of the Radar Research Establishment and by Dr. R. Frith
and Mr. J. R. Bibby of the Meteorological Office were before the meeting.
After discussion of these papers and other information the Sub-Committee noted
the difficulties associated with the practical development of the pulsed-light
technique to the routine operational stage, and recommended that effort should
be concentrated on the modulated-beam method in order to institute an obser-
vational programme as soon as possible. Consideration of Mr. Almond’s report!
on the work done on an experimental pulsed-light cloud-base meter since 1950
led to the conclusion that further development would be justified if this type of
equipment were required, but that prior attention should be given to work on
the model of a modulated-beam searchlight in order that accurate and immed-
iate information on cloud-base height can be provided for landings of aircraft.
The Sub-Committee noted that the refrigerated-disc icing meter described by
Mr. Day? would facilitate measurement of the higher ranges of liquid water
content of cloud, and that it should be possible to use the instrument on routine
meteorological reconnaisance flights. During the discussion of the two papers®4
relating to the measurement of upper wind by radar, comment was made that
radar No. 3 Mk 7 is more mobile than radar GL III but the errors of the partic-
ular Mk 7 equipment used in the trials were greater than the errors of GL II1
radar; and that the state of the sea appears to have little effect on the mean
vector difference between the radar measurements of wind made at the same
time on two ocean weather ships near together. Information on a comparison
of heights derived by means of a radar altimeter and a pressure altimeter in-
stalled in an aircraft was presented by Mr. Durbin. It was considered that this
subject called for further investigation by the departments concerned.

The g6th meeting of the Synoptic and Dynamical Sub-Committee was held
on October 25, 1955. Mr. Hay’s paper® prompted suggestions on further investi-
gation of factors which may influence the times of occurrence of daily maximum
and minimum air temperature at sea. Some surprise was voiced at the high fre-
quency of precipitation days (about 320 annually) at the ocean weather stations
I and J. In presenting a paper® on the mean wind at 60 mb., Mr. Bannon
referred to evidence of the occurrence of a narrow belt of westerly wind at 6o mb.
at places near the equator. There was discussion on the jet-stream appearance
of the 60-mb. contours over North America and South Greenland in winter.
The hope was expressed that regular wind measurements at this level would be
obtained in the Antarctic during the International Geophysical Year. The
paper? by Mr. Hoyle gave rise to discussion on the mechanism of origin of the
sub-tropical jet stream and to a tentative suggestion that the type of circulation
model outlined in the paper may have interest in relation to atmospheres other
than that of the earth. In the discussion on Mr. Harding’s paper® it was
suggested that it would be desirable to supplement the work described by making
special aircraft flights extending southward from Wadi Halfa and also in the
Aden region, and at a greater altitude.

The 34th meeting of the Physical Sub-Committee was held on November 2,
1955. The account? by Dr. Houghton and Dr. Brewer of the first results obtained
with a new radiometer mounted in an aircraft was welcomed. Suggestions were
made for further studies of the flux of long-wave radiation in the upper air,
including the radiational effects of cloud. Most of the remaining time of the
meeting was devoted to a discussion of cloud-seeding and experiments on a- ti-
ficial production of rain. Arising from comments on aspects of this question
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received from Dr. Bowen of Australia, it was agreed to examine the practicability
of undertaking silver-iodide seeding experiments in a mountainous part of the
United Kingdom. The lack of direct evidence that silver iodide released at
ground level does reach the sub-freezing parts of cloud and that the nucleating
properties of this agent are not adversely affected by the heat of the generating
process or other factors was recognized. Mr. Jenkinson’s paper!® and the sub-
sequent discussion confirmed the complexities in the design and assessment of
results of rain-making experiments. In the discussion of a report by Dr. F.
Pasquill support was given to the suggestions that the proposed further experi-
ments on the diffusion of airborne particles should cover a variety of meteoro-
logical conditions and that a method of sampling in cloud should be sought.

ABSTRACTS

1. ALMOND, R.; An experimental pulsed-light cloud-base meter. Met. Res. Pap., London, No. 941,
S.C. I/106, 1955.

Ultra-rapid light pulses produced by discharging a condenser across an air gap are beamed
vertically by a paraboloid mirror, and the return from cloud droplets is focussed on to a rapid-
response photocell, the resulting voltage pulse being amplified and displayed by a cathode-ray
tube. The delay between emitted and received pulses gives the height. The details of the appar-
atus after trials are set out. The instrument is satisfactory over a range from about 600 to 15,000 ft.
Specimen records are shown. Some suggestions for improvement are made. Appendices discuss
some aspects of the theory and summarize the trial reports.

2. DAY, G.J.; A refrigerated disk icing meter. Met. Res. Pap., London, No. 916, S.C. 1/99, 1955.

An instrument for measuring liquid-water content of clouds, supercooled or not, is described.
It consists of a hollow copper disk, cooled inside by liquid nitrogen, rotating twice a minute edge
on to the local air stream. The thickness of ice on the edge is measured by a transducer. Theory,
tests in the laboratory and in the air, and calibration are described.

3. ELSE, C. V.; Wind-finding trials of radar A.A. No. 3 Mk VII (Second series). AMet .Res. Pap.,
London, No. g22, S.C. I/100, 1955.

Nine flights giving 500 sets of simultaneous readings of the A.A. No. 3 Mk 7 (GL VII) and the
GL III at slant ranges up to 66,000 yd. are described and the results summarized. The GL VII
can provide results comparable in accuracy with GL IIT up to at least 40,000 yd., and although
complicated it is easier to operate (one observer instead of three) and service.

4. HARRISON, D. N.; Radar wind comparisons on the ocean weather ships (second series). Met.
Res. Pap., London, No. 928, S.C. I/102, 1955.

Trials were made in 1953-54 to assess the improvement in radar wind accuracy since 1949 by
comparing observations of pairs of ships. A small improvement was found.

5. HAY, R. F. M.; Five-year means of meteorological observations made at the ocean weather
stations ITEM and INDIA, JIG and JULIETT, 1948-52. Met. Res. Pap., London, No. 923, S.C. II/19g2,
1955.

Monthly five-year averages at stations I (mean position 59°29’N. 19°29'W.) and J (53°06'N.
19°25'W.) are tabulated and discussed. Tables include mean wind velocity (with other windy
stations for comparison showing that averages of 17-7 and 18- g kt. were exceeded only by Adélie
Land), wind frequencies by direction and force, pressure, air and sea temperature, days of pheno-
mena, frequencies of visibility and low cloud height. Some values of diurnal variation are
included.

6. BANNON, J. K.. and JONES, R. A.; The mean wind at 6o mb. Met. Res. Pap., London, No. g25,

S.C. I1/194, 1955.

Vector resultant winds at 60 mb. (20 Km.) were constructed from the few wind observations
available and from contour charts of 100-mb. level extrapolated to 60 mb., for January, April,
July and October. Values of direction and speed are tabulated for 83 stations ranging from 61°N.
to 52°S., plotted on Mercator charts and discussed.

7. HOYLE, H. D.; The subtropical jet strecam of the eastern North Pacific in January and April
1952. Met. Res. Pap., London, No. 924, S.C. I1/193, 1955.

A thorough analysis is made of the two jet streams in the North Pacific. Daily schematic charts,
60-15°N., 180-120"W., show the positions of jets (> 100kt.) at 300-400 mb. near the polar front
and at 200 mb. 1,000 miles south. Vertical cross-sections in 160-150°W. show by isokinetics,
isotherms and fronts g types of probable structure (strong W.-E. jet stream near Hawaii, weaker
jet stream with N. component, and subtropical jet strecam displaced northward). The 250-mb. or
300-mb. and 60-mb. isotherms, contours of various surfaces, and mcan surface isobars are also
plotted as monthly means and means for diffcrent types. The jets show pronounced shear and are
associated with 3 tropopause levels, tropical (9o mb.), subtropical (200 mb.) and polar (300 mb.).
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8. HARDING, J.; The profile of jet streams in the Middle East. Met. Res. Pap., London, No. 932,
S.C. I1/195, 1955.

Ground photographs from aircraft between Habbaniya and Bahrain, Port Said and Wadi Halfa
and airspeed gave wind direction and speed. Eleven “windy runs” are discussed. ‘“The strong
westerly winds over the Middle East in winter, at heights approximating to those of maximum
wind speeds, contain a belt of very strong winds which may be as wide as 200 nautical miles or
more, and in which horizontal gradients of wind speed are small or negligible”. Surface and
200—mb. or 3oo—mb. charts and wind profiles showing winds of 100—200kt. are given for January
28 and February 6, 1953, January 16 and February 25, 1954 and March 5, 1g55.

9. HOUGHTON, J. T. and BREWER, A. W.; Measurement of the flux of long-wave radiation in the
upper air 1953-1954. Met. Res. Pap., London, No. 914, S.C. I11/18s5, 1955.

Upward and downward flux of long-wave radiation at night were measured by radiometer in
an aircraft at g,000-ft. intervals up to 40,000 ft. Temperature and humidity were also measured.
The downward flux below 30,000 ft. agreed with Elsasser’s chart with a pressure correction and
Yamamoto’s chart for radiation from carbon dioxide multiplied by 1-2. The upward radiation
was affected by cloud. Dense clouds had 100 per cent. emissivity, thin clouds down to 10 per cent.
and ground go—g5 per cent. A clear atmosphere cooled by 1—2°C./day. Observations in the strato-
sphere were disappointing.

10. JENKINSON, A. F.; Some statistical aspects of a rain-making experiment. Met. Res. Pap.,
London, No. 931, S.C. II1/190, 1955.

The problem is to test results of seeding with silver iodide on Salisbury Plain. The location of
the plume and vertical and horizontal extent of effective seeding in cloudy frontal conditions are
discussed. From rainfall statistics on g2 selected occasions in 1945-54 it is concluded that if the
trials are made with five generators on a line of 20-25 miles on suitable occasions, a difference of
13 per cent. between rainfall of known seeded and control areas would be significant at the 1 per
cent. level. If the seeded area is not known, a difference of 25-30 per cent. would be required.

ROYAL METEOROLOGICAL SOCIETY

Snow accumulation and ablation

A joint meeting of the Royal Meteorological Society with the British Glaciological Society was
held on January 18, 1956. Dr. Sutcliffe, President of the Royal Meteorological Society, took the
Chair, supported by Mr. Seligman, President of the British Glaciological Society. There was a
discussion on snow accumulation and ablation.

Mr. R. A. Hamilton, who was Chief Scientist on the British North Greenland Expedition at
Brittania Lake, opened the discussion with a brief geographical and meteorological description of
Greenland. Brittania Lake, in the north-east corner separated from the coast by 20-mile wide
glaciers, is rarely visited by disturbed weather and has one of the driest climates in the northern
hemisphere. Net radiational loss of heat is usual and katabatic winds are easily formed over the
fringes of the ice cap and flow down glaciers and fiords reaching gale force at times. Itis, however,
possible for a stagnant cold pool of air to form in a fiord with the katabatic wind flowing overhead.

Mr. H. Lister described, with the aid of a film and slides, some of the work done at Brittania
Lake to help in the study of ablation—with particular reference to radiation, eddy convection and
evaporation. Two stations, three miles apart with a difference of 150 m. in altitude, were estab-
lished on Brittania Glacier, and a third station 230 miles to the west near the centre of the ice-
sheet. During the ablation season temperature and humidity were recorded in screens at heights
of 30 cm. and 300 cm., and checked by a whirling psychrometer; radiation was measured by a
M. O. bimetallicradiationrecorder ; wind by cup counter anemometers and a 3—min. M. O. electri-
cal impulse recorder connected to a cup contact anemometer; and ablation by means of stakes
driven into holes drilled deep into the solid ice of the glacier. During special 48-hr. periods more
detailed temperature and humidity measurements were made at heights of 2, 6, 10, 30, 100, 200,
300 and 400 cm. using an aspirated electrical apparatus developed by Pasquill, whilst wind was
measured by sensitive cup anemometers at heights of 30, 100, 200 and 400 c¢m., and radiation,
both total from above the horizontal and reflected from below, by a Moll thermopile (face down-
wards for the reflected radiation). Difficulty was experienced with the surface markers of an
ablatograph which would persist in sinking into the snow; plaster-of-paris hemispherical bowls
of 165 cm. diameter, made on the site, solved the difficulty. Many of the instrumental clocks
developed troubles; the Meteorological Office clocks were best. The electrical impulse recorder
Mk II was very successful.

Mr. Lister compared his results with those obtained by Deacon over short grass* and found
great difficulty in correlating the variations of the three elements: wind, temperature and vapour
pressure. For coarse sastrugi snow his roughness parameter z, was 1 -1 cm. (very high for snow);
as the snow melted and the glacier developed hummocks the value of z, decreased to 0-5 cm.

* DEACON, E. L.; Vertical profiles of mean wind in the surface layers of the atmosphere.
Geophys. Mem., London, 11, No. g1, 1953.
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The ratio of wind speeds (uy99/usy) seemned constant and independent of the vertical temperature
gradient which was almost always an inversion, even in summer, because of the permanent snow
orice surface. The temperature gradient in the very lowest layers was very marked—with sudden
changes from inversion to lapse and back again ; much more change occurred between the surface
and 30 cm. height than between 30 cm. and 300 cm. and it was therefore useful to remember that
with melting at the surface the conditions there would be 0°C. and 100 per cent. humidity.
Further investigation of the lowest 100 cm. gave a value of z, of 0+ 1 cm. over ice on Brittania Lake.
Only by superimposing profiles of wind, temperature and vapour-pressure variation could he find
as high a correlation coefficient between the mean gradients of wind speed and temperature as
o-52 (individual correlation coefficients between temperature and wind at different heights;
30 cm., 0-658; 100 cm., 0-589; 300 cm., 0-472). There was little correlation with vapour
pressure. Mr. Lister attributed this loss of correlation to lack of turbulence at lower velocities
and stronger inversions over ice surfaces.

Radiation measurements showed that a small increase of cloud (above the usual small amounts
of north-east Greenland) would initially increase the radiation received—probably because of
multiple reflection from clouds and snow or ice surface. Diurnal change of the elevation of the
sun was more important than changes in the ice surface in albedo measurements during ablation.
The incoming heat responsible for melting was: radiation 69 per cent., convection 28 per cent.
and condensation 3 per cent.

Mr. Ward described some of the difficulties in the measurement of ablation directly on a
glacier. The glacier is moving; the character of the snow (crystals or firn) changes with time and
depth even without any net ablation ; melt water can flow through the sub-surface or over the top
of the glacier from higher levels; the loosely packed snow near the surface can provide a reservoir
for water; and ice at different depths may melt and freeze several times in a season. To multiply
the change in stake depth by a suitable density factor would not suffice when the change mayhave,
and possibly has, been caused by settling due to melt water. Day-to-day ablation measurements
were therefore difficult particularly in north-east Greenland where the snowfall is very small and
ablation occurs in short intervals.

Among the questions that were asked at the meeting, Mr. Gloyne asked about the higher
albedo at night and why the roughness parameter should decrease as hummocks developed on
the surface. Mr. Lister said that the sun’s elevation merely decreased at “‘night’ and the greater
proportion of red rays would be coincident with reflection. Mr. Ward said that when the sun was
low the albedo was almost 1. The hummockiness observed after melting did not have as much
resistance to the wind as surface roughness. Dr. Frith thought the increase in albedo with cloudi-
ness might be due to a change in surface conditions. Mr. Lister said that surface melting continued
through the “night’ and surface changes of texture occurred principally during the first week of
summer. Mr. Sawyer asked what was the effect on the wind of a rock surface (the film showed
rocky country in parts). Mr. Lister said the lower station was 3 mile from the valley wall and the
upper station # mile, but the wind was down glacier giving a fetch of 3 miles of a homogeneous
snow or ice surface for flow at the anemometers.

Mr. Hamilton stressed the difficulties of instrumental work on expeditions, and mentioned that
by observation of the refractive index of the air he had measured the vertical temperature gradient
to an accuracy of 1 x 1072°C./m.

LETTER TO THE EDITOR

Variation between measurements of rainfall made with a grid of
gauges.

In my paper on the measurement of rainfall with a grid of gauges, published in
the November 1955 issue of the Meteorological Magazine, it was stated that the
areas of the funnels of nine standard Meteorological Office rain-gauges were all
in excess of the nominal value by between 0-8 and 1-3 per cent. It has been
pointed out by the Meteorological Office that if this were so the diameters of
these funnels would all have been outside the normal limits of error laid down by
the Meteorological Office, which are that the maximum error in amean diameter
is 001 in., and that the maximum error in any individual diameter is 002 in.

The diameters of the funnels were subsequently measured, and it was found
that with the exception of one, which had a maximum error in an individual
diamcter of 0025 in., they were all within the specification. The reason for the
discrepancy was that the original measurements were made with a specifically
adapted planimeter to measure the areas directly, and a re-examination of the
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method showed that it gave rise to a small but consistent over-estimation of the
areas. Since the paper was concerned entirely with the differences between the
amounts of rainfall collected by the gauges the conclusions given in the paper
are not affected.

L. H. WATKINS
Road Research Laboratory, Harmondsworth, February 16, 1956

NOTES AND NEWS

Changes in B.B.C. weather forecasts

Changes in the times and contents of B.B.C. weather broadcasts will be intro-
duced on Sunday, April 22, 1956. Essentially these consist of the transfer of all
shipping information to the Light Programme and a consequent increase in the
broadcasting time available for land-area forecasts on the Home Service. The
primary reason for having the shipping bulletins in the Light Programme is that
reception at sea has been found to be better on 1,500 m. than on the medium
wave-band, so the longer wave-band only will be used.

The major obstacle to including in the Light Programme four shipping broad-
casts a day at intervals of about 6 hr. arose from the nature of their contents. A
weather bulletin intended primarily for a particular section of the community
is not easily fitted into a programme for the general listener. However, 5-min.
periods have been provided in the early morning and afternoon and at midnight,
but only 2-min. periods in the early evening. Moreover, the times of two of the
broadcasts will be different on Sundays because of the different pattern of the
programmes. The schedule of broadcasts is as follows, in clock times, except for
the broadcast at 0645 G.M.T.:

Week-days Sundays
0645 — 0650 G.M.T. 0645 — 0650 G.M.T.
1340 — 1345 CLOCK TIME 1200 — 1205 CLOCK TIME
1758 — 1800 CLOCK TIME 1928 — 1930 CLOCK TIME
2400 — 0005 CLOCK TIME 2400 — 0005 CLOCK TIME

The 5-min. broadcasts will comprise a gale-warning summary, a general
synopsis, forecasts for coastal sea areas for the next 24 hr. and a selection of the
latest observations from a few coastal stations. The increase in broadcasting time
will enable the wishes of the seaman to be met to the extent of providing a more
detailed picture of the synoptic developments than is possible at present and no
doubt this will appeal also to many amateur meteorologists on shore, while the
broadcasting of actual reports will revive memories of AIRMET, although the
number of stations included will not be comparable. Another innovation is to
give the forecast areas in a fixed order, although a name may be followed only
by a reference to another sea area with which it is bracketed later in the bulletin.
This arrangement will help the listener at sea who often has to assimilate the
forecast in difficult circumstances. The 2-min. broadcast in the evening will
necessarily be confined to one item, namely the forecasts for the coastal sea areas,
and these may at times have to deviate from the standard order.

In February of last year an informal meeting was held in De Bilt by represen-
tatives of the meteorological services which are directly concerned with the
weather of the North Sea. One of their recommendations was that there should
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be uniformity in the coastal sea areas used in different shipping forecasts. In
consequence four new names appear in the B.B.C. broadcasts. The eastern
parts of the present “Forties” and “Dogger” become “Viking” and “Fisher”
respectively, and “Heligoland® is renamed ‘“‘German Bight”, while “Iceland”
becomes ‘‘south-east Iceland” to avoid confusion with “North Iceland”, an
area introduced into the North Atlantic Weather Bulletin last November.

Times of weather broadcasts on the Home Service are unaltered but the
broadcasts at 0655, 0755, 0855 (Sundays), 1255 and 1755 will be of 4-min.
duration. This means that forecasters will be less handicapped by the need to
compress their land-area forecasts within a number of words which has often
proved inadequate during complex weather situations. No major changes are
proposed in the general plan of these forecasts but it will be possible to adopt a
somewhat freer style of presentation.

Exceptionally severe thunderstorm

A very violent thunderstorm of almost tropical severity occurred in the Cam-
bridge area on the night of November 5-6, 1955. The intensity of the storm
was so great that people living in the locality were awakened and alarmed by
the noise of the hail falling on the roofs of the houses and the exceptionally
brilliant lightning and heavy thunder claps. In the village of Whittlesford
(population goo) over a thousand panes of glass were broken, and at the R.A.F.
Station, Duxford, over 500 panes were broken by the large hailstones.

One extraordinary feature of the storm was the small amount of rain that fell
compared with the amount of hailstones. These were generally of a round pellet
formation of clear ice with a very small opaque core and averaged between 1
and 14 in. diameter. A large number of the hailstones remained in the ice stage
for quite a long time after the storm, one particular mass of them continued as
ice for over 36 hr. despite the fact that they were lying at the foot of a south wall
and the average screen temperature for the period was about 50°F.

During the 36 hr. preceding the storm a complex depression was almost
stationary to the west of Ireland with a very moist south-westerly air stream
crossing the country. A cold front, which cleared east and south-east England
by midnight on the 4th, was followed by an unstable air mass with sferic activity
reported as far south as Spain. By 1200 on the 5th the sferic activity had in-
creased northwards and become intense between Scilly and Finisterre. A belt
of rain and heavy showers extending from Liverpool to the Channel Islands,
with a thunderstorm at Portland Bill reported at 2100 on the 5th, seemed to
indicate that an upper cold front or trough was moving east over southern
England, and this was supported by the fall of temperature at Crawley between
0200 on the 4th and 0200 on the 6th, as shown on the graphs in Fig. 1. This fall
of temperature was more pronounced above 700 mb., and was probably the
cause of the surprisingly heavy fall of hailstones of larger than usual diameter.

'The small amount of evidence on the surface charts to indicate the upper front
appears to be an interesting point, but no doubt the surface air and the air in the
lower layers had been warmed in its travel over the sea whereas the air in the
higher layers, above 700 mb. for instance, had been brought around the periphery
of the depression from the northern side, and was more likely to retain its polar
characteristics than the air in the lower layers.
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FIG. I—DECREASE OF UPPER AIR TEMPERATURE
AT CRAWLEY, NOVEMBER 40, 1955

The size and speed of the falling hailstones left their mark on a number of
caravans in the locality, the outer metal skin of the caravans being pock-marked

very noticeably and sufficiently deep to show up on the photograph facing p. 128.
J. A. HICKS

[Thunderstorms were not confined to the Cambridge area; the whole of
south-east England, east of a line from the Isle of Wight to Lincolnshire,
experienced widespread thunderstorms during the 5th and 6th. In the Midlands
they were scattered. They were particularly severe at Chorley Wood, Hertford-
shire, where eight women in a home for elderly people had to leave their beds
when the building caught fire after being struck by lightning. Considerable
lightning damage was also reported from Fareham, Hampshire and from Iwade
and Sittingbourne in north Kent.—Ed., M.M.]

Beitrige zur Physik der freien Atmosphare
All meteorologists will be pleased to learn that, thanks to the initiative of Prof.
H. Koschmieder and Prof. W. Georgii, the Beitrdge zur Physik der freien Atmos-
phdre, which was a leading meteorological periodical until it had to cease publi-
cation during the Second World War, is to appear again in the near future.

The journal will be published by the Akademische Verlagsgesellschaft M.B.H.
at Frankfurt-am-Main, Germany, and the committee of editors consists of Prof.
H. Flohn, Prof. W. Georgii, Prof. B. Haurwitz, Prof. H. Koschmieder and Prof.
Dr. J. van Mieghem.
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Papers will be welcomed on synoptic and dynamical meteorology, the meteor-
ology of the high atmosphere, radiation and heat balance, turbulence and con-
vection, the meteorology of gliding and soaring, the physics of condensation,
clouds and precipitation, atmospheric electricity, radio meteorology, and the
instruments and methods used for the exploration of the free atmosphere.

We extend our best wishes for the success of the Beitrdge which will, we are

sure, maintain the high standards established by the founders, R. Assmann and
H. Hergesell.

REVIEW

On the mathematical expression of the annual variation of temperature. By L. Mavridis.
Meteorologica No. 3, 9% in. X 6% in., pp. 44, Illus., University of Salonica, 1955.
The annual variation of temperature has often been expressed by a harmonic
form in which the temperature for the nth month is given by

k
T, =a,+ 2 (g cosjl, + b; sinj0,)
1=1
where a,, a;, b; are parameters characteristic of the station, and 0, is the mean
value during the nth month of an angle § which increases from 0° to 360°
during the year. The present author discusses another representation in which

: }(To+ T3-n) =4+ Csin(L,— V)
and Ti3—n P ]

T, 1 —ecos (L, — w)
Here L,, the geocentric longitude of the sun, corresponds closely to 0, in the
harmonic representation, while 4, C, V, p, ¢, w are six parameters to be deter-
mined for each station. Slight variations in L, allow for the presence of leap

years, and it is claimed that the parameters are more amenable to physical
interpretation than those used in the harmonic representation.

Mr. Mavridis shows how to find the parameters by a method of least squares,
and does so for monthly mean temperatures for Copenhagen, Vienna, Prague
and Berlin. He finds the parameters for every decade of each record, or about
60 sets of values in all. He examines the residuals not accounted for by his
mathematical form, and finds that these exceed the residuals left after fitting a
three-term harmonic form (with seven parameters), but are less than those left
after fitting a two-term harmonic form (with five parameters).

The demonstration though reasonable is not wholly convincing, because the
four stations used are too closely grouped to furnish independent evidence,
while the harmonic analyses are not carried out in quite the most accurate way.
Nevertheless, the author has shown that the Xanthakis procedure gives
reasonable results. The argument that the parameters are capable of easy
physical interpretation is an attractive one, and the method deserves examina-
tion by any worker concerned with this branch of climatology.

J- M. CRADDOCK

BOOK RECEIVED

The LB.G.: Retrospect and prospect. By R. O. Buchanan. Trans. Pap. Inst. Brit. Geogr., London,
No. 20, 1954. 9% in. X 7}in., pp. 14, Illus.
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OBITUARIES

Dr. A. W. Lee.—We regret to report the death of Dr. Lee on February 10, 1956,
in his 57th year.

His studies were interrupted by service with the R.E. Signals (Wireless
Section) 1917-19, and he took the degrees of B.Sc. (Physics) in 1920 and of
M.Sc. in 1922 at the Imperial College of Science. He was one of the first post-
graduate students in the Meteorology Department of the College, working under
Sir Napier Shaw. A paper on “The relation of the circulation in the upper air
to a circumpolar vortex”, published in 1924, was one of the results of this work.
He joined the staff of the Meteorological Office in 1923, and after a period at
Calshot was transferred in 1924 to take charge of Lerwick Observatory, a post
he occupied for five years. This was followed by a spell of 10 years at Kew Obser-
vatory. In the spring of 1939 he went to Eskdalemuir Observatory as Superin-
tendent. The outbreak of war saw the end of his long connexion with obser-
vatories, and he served first as a forecaster at the Headquarters of Bomber
Command, and then for five years as Senior Meteorological Officer at No. 12
Fighter Group R.A.F. Early in 1945 he was transferred to a Headquarters
branch, but three years later he suffered a serious breakdown in health. He
made a remarkable, though incomplete, recovery, and was not able again to
face the strain of travel to central London. The last six years of his service were
spent at Kew Observatory, but the journey to work became increasingly difficult
for him and he retired in January 1954 at the age of 55.

Dr. Lee’s duties at Kew Observatory were concerned mainly with seismology,
and his stay was marked by the publication of a remarkable series of papers on
this subject. He was acknowledged to be one of the world’s leading authorities
on microseisms. His work on the effects of geological structure, and his paper
“On the direction of approach of microseismic waves” are still relevant to the
problem of detection of meteorological disturbances by means of microseisms.
He also made studies of individual earthquakes, and is the author of five Geo-
physical Memoirs. He was awarded the degree of D.Sc. of the University of
London in 1935 for work on microseismic waves, and was a member of the
British Association Committee on Seismological Investigations from 1933 to
1954.

He married whilst stationed at Lerwick and his wife, who survives him, shared
in the life of the Observatory there and at Eskdalemuir. To her, and to his son
and daughter—the former now in Australia— we extend our sympathy.

G. D. ROBINSON

Stdney Andrew Hodson.—It is with deep regret that we announce the death of
Senior Aircraftman S. A. Hodson who was a passenger in the York aircraft
which crashed at Malta on February 18, 1956. He joined the Office in Septem-
ber 1952 as a temporary Scientific Assistant and after a course at the Training
School he was posted to an aviation station. He was called up for National
Service in February 1954 and, shortly afterwards, he was posted to the Middle
East. S.A.C. Hodson was returning to the United Kingdom for his release from
National Service when the accident occurred.

METEOROLOGICAL OFFICE NEWS

Retirement.—MTr. B. G. Brame, Senior Experimental Officer, relinquished his
appointment as Senior Experimental Officer on December 1, 1955. He joined
the Office in February 1911 as a Laboratory Boy in the Instruments Division
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and at the time of his retirement he had completed 45 years’ service. In 1915
he was transferred to Kew Observatory for about four months for training prior
to his posting to Eskdalemuir Observatory. In 1921 he was transferred to the
Climatology Division at Headquarters where he served in various sections
dealing with different aspects of the work of the Division. In 1934 he returned
to the Instruments Division to be in charge of the test room. In 1936, after a
short spell at Kew Observatory, he was posted to the General Services Branch
where he worked with Mr. E. Gold until 1939. From 1939 to 1946 he served in
the Overseas and Royal Air Force Branches on adminstrative duties. For the
past ten years he has held the post of Senior Experimental Officer in the Royal
Air Force (Home Commands) Branch. He was also concerned with the com-
pilation of Meteorological Office Standing Orders. For the last ten years Mr.
Brame has been Honorary Treasurer of the Meteorological Office Social and
Sports Committee. He was appointed a Member of the Order of the British
Empire in the Birthday Honours List of 1944.

At a ceremony in the Conference Room in Victory House on March 2, 1956,
Mr. T. W. V. Jones presented Mr. Brame with a cheque subscribed by his
colleagues. In expressing his thanks Mr. Brame recounted some interesting and
amusing recollections of the Office as it was over 40 years ago.

Mr. Brame has accepted a temporary appointment in the Meteorological
Office.

Sports activities.—Athletics.—Messrs. Garrod, Bird, Stratton and Messem
were members of the Air Ministry team which won the Civil Service Cross-
Country Championship at Epsom on December 10, 1955.

Yachting.—Mr. L. S. Clarkson, Chief Meteorological Officer, Headquarters
F.E.A'F. and Honorary Sailing Secretary of the Royal Air Force Changi Yacht
Club won the International Snipe Class Race at the Royal Singapore Yacht
Club Open Regatta on Saturday, January 8, 1956.

Netball —Miss B. M. Edwards and Miss N. Edwards were selected to play
for a Civil Service representative side against the Australian Ladies Netball
team on February 29, 1956, at the Chiswick Sports Ground.

Swimming.—Mr. J. V. Evling was a member of the successful Ariel Club
swimming team which won the Burton Cup for Civil Service medley relay teams
at the Ironmonger Row Swimming Baths on February 29, 1956.

WEATHER OF FEBRUARY 1956

The month will rank as a notably cold February in most parts of Europe, the mean temperature
for the month being 12°C. below normal in Saxony, eastern Bavaria and Bohemia, with negative
anomalies in all parts of the Continent mostly in excess of 5°C. The freezing-point isotherm ran
through northern Spain and central Italy. Western Siberia, Mongolia and the Vladivostok
province were also colder than usual. By contrast, mean temperature was above normal over the
eastern half of North America (maximum anomaly + 6°C. or more in the region of north Quebec
-south Baffin Land) and over much of the Arctic (anomalies over Iceland and Greenland
+3-4°C., Spitshergen +7°C.). The mean temperature was generally 1-3°C., and locally 5°C.
below normal in the Rocky Mountains region.

The pressure distribution was marked by vigorous depressions over the western Atlantic sending
offshoots north and north-west towards Greenland and Labrador and south-east towards the
Mediterranean (mean pressures 5-6 mb. below normal in 50°N. 50°W. and north Quebec, 8 mb.
below normal in the Azores and 8—10 mb. below normal in Italy and the central Mediterranean).
A great warm, southerly air stream was directed from mid Atlantic towards Spitsbergen and east
of this anticyclones built up to attain at times exceptional extent and intensities over north
Europe and Asia; 1074 mb. was observed at Salekhard, north-west Siberia on the 15th, a value
only twice known to have been exceeded since 1872. The mean pressure for the month reached
1040 mb. near the Gulf of Ob and the maximum pressure anomaly was 422 mb. at the mouth
of the Yencsei and +21 mb. at Thorshavn and in Lapland. Nevertheless there were frequent
changes and movements within the region dominated by high pressure with several cold fronts
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and occlusions crossing Scandinavia from the north-west during the month. There was also some
appearance of a 7-day rhythm in a series of short-lived tongues of Atlantic mild air passing south-
eastwards and southwards near or over the British Isles on the 5th, 12th, 1gth and 26th.

Precipitation totals were below normal everywhere in western Europe, above normal (generally
over 200 per cent.) all through the Mediterranean, and more slightly above normal in most places
between 15° and 25°E.—i.e. east and north of the mountains—from Bear Island and northern
Scandinavia to the Hungarian Plain. Precipitation was also well above normal in Iceland and
east Greenland.

In the British Isles a very cold easterly air stream from the Continent dominated the weather
for most of the month. The lowest temperature occurred during the first three days, but remained
very low from the gth to the 27th with considerable snow especially in the east of the country.
A mild westerly air stream brought a rise of temperature of 15-20°F. and a rapid thaw on the
28th.

On the 1st, with pressure high over Scandinavia and low over southern Europe, very cold
continental air which had arrived with easterly winds the previous day spread to the whole
country. Temperature at Kew rose only to 24°F.—the lowest day maximum temperature recor-
ded there since 1895—and maximum temperatures in the west were just as low: 24°F. at Ross-
on-Wye and 22°F. at Bristol. Snow showers were frequent and snow lay to a depth of 2 in. at
Sprowston and 7 in. at Hull. That night temperature fell to g°F. at many places in East Anglia
and to about 0°F. on the ground, and there were power cuts in the London area owing to the
excessive demand for electrical heating. Renewed falls the next day brought reports of level
snow lying a foot deep in parts of Kent and of 5-ft. snow drifts in the Midlands. Day temperatures
remained below freezing until the grd, but the direct continental air supply by then was being
gradually cut off as high pressure was slowly transferred from Scandinavia to southern England.
With an anticyclone in the western English Channel on the 4th, a milder westerly air stream and
rain spread to all areas. From the 5th to the 8th this anticyclone moved eastward and north-
ward to cover much of the British Isles, but weather was generally dull with some slight occasional
drizzle and patches of fog in many places. Very cold easterly winds returned again on the gth as
the British anticyclone became a ridge to a larger anticyclone which had formed over Scandin-
avia; temperatures fell generally below freezing point except in north-west Scotland and snow
spread west and north to reach north Devon and south Scotland, but the chief falls were in
eastern England. Along the Kent coast between Dungeness and Greatstones, Romney Marsh,
cakes of ice formed as the sea carme in on the rising tide and were piled up to a foot high on the
beach. Pressure became highest to the south of Iceland on the 11th, and there was a temporary
incursion of warmer maritime air over much of the country on the 12th and 16th; on the latter
date 10 in. of snow fell in 24hr. at Scarborough and drifts 10-15 ft. deep were reported from
parts of Yorkshire. Cornwall had its heaviest snowfall of the winter with g-10 in. in the Newquay-
Lizard area on the 1gth and 20th as minor disturbances moved southward over western districts.
East Kent was so badly affected by this time that the Kent County Council had to enlist military
assistance to keep the roads clear. By the 21st the Icelandic anticyclone had joined with another
over Russia restoring the very cold easterlies to the whole of Great Britain. During the next few
days the high-pressure belt moved southward over the country, weather remaining very cold
though dry in the south but becoming milder in the north with westerly winds spreading into
Scotland. The milder air stream spread over the whole country on the 28th with widespread
drizzle and rapidly rising temperature.

Precipitation was about half the average in most areas, but near the east coast there was an
excess, particularly in Yorkshire. Sunshine was above the average over much of the country but
well below in east-coast districts. Temperature was 7-10°F. below normal over most of England
and Wales, and at some places in the Midlands and east mean temperature was below freezing
point. Most farm work was at a standstill throughout the month. The severe frost, with only
slight snow cover, apart from drifts, had a disastrous effect on most autumn-sown crops, but
cereals and beans will probably recover. Fuel consumption for glasshouses was excessive. In the
south-west the anemone crop was completely ruined, but daffodils were only retarded. As a
result of plentiful fodder and mainly quiet conditions sheep and lambs are in reasonable condition.

The general character of the weather is shown by the following provisional figures:—

AIR TEMPERATURE RAINFALL SUNSHINE
Difference No. of
from Per- days Per-
Highest | Lowest | average centage | difference | centage
daily of from of
mean average average average
°F. °F. °F. % %
England and Wales ... 57 1 —8-0 44 —1 107
Scotland .. 55 —2 —3-2 70 —1 93
Northern Ireland 54 It —4-6 52 —6 114
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RAINFALL OF FEBRUARY 1956
Great Britain and Northern Ireland

County

Station

Per
cent.

of Av.

County

Station

London
Kent

S;z’.ssex
I-}:znts.
I-};rts.
Bucks.
Oxford
N’hants.

Essex
Suffolk

»

Norfolk
Wilts.
Dorset

£
Devon

”»

C:),mwall

b2l

S:)’merset
Glos.
Salop

Worcs.
Warwick
Letcs.
Lincs.
Notts.
Derby
Ches.

3
Lancs.

3
Yorks.

”

I

»

»

bd4

Glam.

Camden Square

Dover ...

Edenbridge, Falconhurst
Compton, Compton Ho.
Worthing, Beach Ho. Pk.
St. Catherine’s L’thouse
Southampton (East Pk.)
South Farnborough
Harpenden, Rothamsted
Slough, Upton ..

Oxford, Radcliffe
Wellingboro’ Swanspool
Southend, W. W. .
Felixstowe .
Lowestoft Sec. School ..
Bury St. Ed., Westley H.
Sandrmgham Ho. Gdns.
Aldbourne

Creech Grange...
Beaminster, East St. ...
Teignmouth, Den Gdns.
Ilfracombe s .
Princetown ..

Bude, School Housc
Penzance .

St. Austell
Scilly, Tresco Abbey ...
Taunton ..
Cirencester .
Church Stretton
Shrewsbury, Monkmore
Malvern, Free Library...
Birmingham, Edgbaston
Thornton Reservoir
Boston, Skirbeck ..
Skegness, Marine Gdns.
Mansfield, Carr Bank .
Buxton, Terrace Slopes
Bidston Observatory
Manchester, Ringway...
Stonyhurst College
Squires Gate ...
Wakefield, Clarence Pk.
Hull, Pcarson Park ...
Fehxklrk Mt. St. John
York Museum . ..
Scarborough ...
Middlesbrough... .
Baldersdale, Hury Res
Newcastle, Leazes Pk..
Bellingham, High Grcen
Lilburn Tower Gdns. ...
Geltsdale .
Keswick, High Hill
Ravengla.ss, The Grove
A’gavenny, Plas Derwen
Ystalyfera, Wern House

COOCO=RNRRNNRN"R=MN-~O00Q00~0=0000Q00C000~0~0000000C~0ON~~N0O00Q0OQOO0O0Q0OOONDO

18
131
31
10
12

12
31
11
26
29
30

100

154
58

115
19

Il

21
31
25

12
27

16
28
31
62
102

37
39
11
41
29
19
60
117y
131
99
183
138

163
85
133

16
18
10
11

Glam.
Pemb.
Radnor
Mont.
Mer.

3
Carn.
Angl.

I. Man
Wigtown
Dumf.

3
Roxb.
Peebles
Berwick
E. Loth.
Midl’n.
Lanark
Ayr

R’énfrew
Bute
Argyll

b4

Kinross
Fife
Perth

A’;zgus
Aberd.

”»

3
Moray
Nairn
Inverness

Suth.
Caith.
Shetland
Ferm.
Armagh
Down
Antrim

L,’,derry
Tyrone

Cardiff, Penylan
Tenby .
Tyrmynydd ..

Lake Vyrmwy ...
Blaenau Festiniog
Aberdovey

Llandudno
Llanerchymedd
Douglas, Borough Cem.
Newton Stewart
Dumfries, Crichton R. I.
Eskdalemuir Obsy.
Crailing. .. v

Stobo Castle
Marchmont House
North Berwick Gas Wks.
Edinburgh, Blackf’d. H.
Hamilton W. W,, T’nhill
Prestwick
Glen Afton, Ayr San. ...
Greenock, Prospect Hill
Rothesay, Ardencraig ...
Morven, Drimnin
Poltalloch

Inveraray Castle

Islay, Eallabus ..

Tiree

Loch Leven Sluice
Leuchars Airfield

Loch Dhu

Crieff, Strathearn Hyd
Pntlochry, Fincastle
Montrose, Sunnyside ...
Braemar

Dyce, Craibstone .
New Deer School House
Gordon Castle .

Nairn, Achareidh
Loch Ness, Garthbeg ...
L. Hourn, Kinlochourn
Fort William, Teviot ...
Skye, Broadford

Skye, Duntuilm

Tain, Mayfield...
Inverbroom, Glackour...
Achnashellach ...
Lochinver, Bank Ho. ...
Wick Airfield

Lerwick Observatory ..
Crom Castle .
Armagh Observatory
Seaforde
Aldergrove Airfield ...
Ballymena, Harryville...
Garvagh, Moneydig
Londonderry, Creggan
Omagh, Edenfel .
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WIND SUMMARIES AND AIRFIELD USABILITY
By J. WADSWORTH, M.A.

The usability of the runways of an airfield is limited to some extent by the wind,
for if the cross-wind component (component of the wind at right-angles to the
runway) exceeds a certain strength it may be hazardous to attempt to land an
aircraft. An estimate of the amount of time during which an airfield runway
may be out of action owing to the strength of the cross-wind component may
be derived from a summary of the winds experienced there over a number of
years, which must be compiled in such a way that the frequency distribution
of the wind forces or wind speeds is shown for each sector of the compass into
which the summary is divided. If the frequency distribution of wind force and
wind direction is then exhibited on a polar diagram the proportion of time
during which the cross-wind component on any particular runway exceeds
some specified limit may readily be estimated by a graphical method?.

The preparation of a complete wind summary of this nature demands how-
ever a considerable amount of work, and at many stations the summaries of
wind are not available in such an elaborate form. In the past it has rather been
the custom to summarize the wind forces separately irrespective of wind direc-
tion, and likewise the wind direction separately irrespective of the speed of the
wind. An approximate estimate of the usability of a runway can nevertheless
still be obtained from these simpler forms of wind summary by applying a
method due to L. Jacobs2 This method depends on an empirical result which
is expressed in the equation

log. n, = a — bv? s e (1)
where v is the speed of wind, n, is the frequency of wind observations exceeding
a specified speed v, and a and b are constants.

The tables and graphs presented by Jacobs in his memorandum are designed
to enable the computer to assess directly the amount of time during which the
cross-wind component on any particular runway, the orientation of which must
be known, exceeds any specified limit. The limits commonly adopted for cross-
wind components are of the order of 15, 20 or 25 m.p.h., varying according to
the size and type of the aircraft. The method proposed by Jacobs implies tacitly
that a wind rose can be constructed from the wind data available; but it is not
necessary to set out the wind rose explicitly in order to calculate, by this method,
the runway usability as limited by cross-winds.

The operation of aircraft is also affected, to some extent by components of
wind directed along the runway, which if arising as headwinds may improve



500 1000 1500 20P00
U‘
FIG. 1—GRAPHS OF logn, = a — bv?

the usability of a short runway or alternatively as tailwinds may diminish it,
and it is now suggested that in computations involving wind frequency the
summary of speeds and directions should be set out in full in a table or a polar
diagram, using the relation (1) to determine the frequency distribution of the
various forces of wind within each sector of the wind rose. For this purpose
Table I has been calculated giving values of exp(bv2) to assist in the computation.

The relation (1) between 7, and v2 is equivalent to

exp (a)
~ exp (bv?)
The quantity e? is the number of observations of wind within a certain sector of
the compass exclusive of calms2. The quantity b appears to depend on the
exposure of the meteorological station, and it is also related to the mean speed
of the wind, again exclusive of calms3. In the British Isles the numerical values
of b for wind speeds expressed in miles per hour vary according to Jacobs from
about 2 X 1072 in well exposed places to 7 X 1072 at sheltered inland sites*.
If we take v to be equal successively to the upper limits of the Beaufort wind
forces we obtain a series of values of n, from which by subtraction we may
obtain the frequencies of the separate Beaufort forces. The resulting wind
summary may then be set out on a polar diagram and from it we may obtain
graphically the runway usability as limited by cross-wind components in the
manner already described by Durst!. Besides this we shall also be in a position
to estimate the effects of wind components along the runway or for new aero-
dromes to decide on the best orientation of the main runway. This method of
computation naturally produces the same results as far as time loss due to cross-
wind components is concerned as that due to Jacobs but it has the merit of
greater simplicity.

v

Examples.—The wind-frequency distributions at Guernsey and Skeabrae
are given in Table II, condensed to 8 points of the compass and in Beaufort
wind force.

Guernsey.—From the summary of wind forces at Guernsey the numerical
value of the coefficient 4 in the equation log, n, = a — bv? is found, by the

* The validity of the larger values of & is somewhat doubtful, because in sheltered sites the
range of wind speeds is restricted.
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TABLE II—OBSERVED AND COMPUTED WIND FREQUENCIES AT
GUERNSEY AND SKEABRAE

Beaufort force NE. E. SE. S. SW. W. NW. N.
per mille

Guernsey (States Airport) 1950-54 Calms: 58 per mille
1 Computed 5 3 3 6 6 7 6 5
Observed 6 4 5 6 4 5 5 10

2 Computed 15 8 9 18 20 22 19 17
Observed 20 12 15 21 15 16 18 25

3 Computed 28 15 15 33 35 38 35 29
Observed 26 17 23 34 31 31 30 30

4 Computed 32 17 18 37 39 4 39 33
Observed 31 17 16 43 51 54 42 31

5 Computed 20 11 12 24 26 29 24 23
Observed 19 6 4 19 26 29 22 14

6 Computed 10 5 12 13 15 15 11
Observed Io 4 1 9 14 I5 18 10

7 Computed 3 2 2 3 4 4 4 3
Observed 2 1 <1 3 3 5 5 3

8 Computed 1 <1 <1 1 1 1 1
Observed <1 <1 <1 1 1 2 2
9 Computed
Observed . <1 <1 <1 <1
Skeabrae 194345 Calms: 53 per mille

1 Computed 2 5 4 5 4 3 3
Observed 3 1 8 4 4 4 3 3

2 Computed 5 5 16 12 19 14 12 10
Observed 9 7 19 12 It 10 9 It

3 Computed 10 8 30 22 32 25 22 18
Observed 13 13 39 32 41 28 27 24

4 Computed 13 12 42 32 43 35 30 25
Observed 13 11 35 31 38 29 25 20

5 Computed 11 10 34 26 36 29 24 21
Observed 9 7 28 21 26 25 20 18

6 Computed 8 7 26 19 27 21 19 15
Observed 7 7 29 18 29 29 19 13

7 Computed 4 3 11 9 12 10 8 8
Observed 1 2 8 7 17 14 13 8

8 Computed 1 1 4 3 5 4 3 2
Observed <1 1 5 1 9 5 5 5

9 Computed <1 <1 1 1 I I 1 1
Observed <1 <1 <1 <1 I 2 1 I

method of least squares, to be 3-43 X 1078 (common logarithms being used in
Fig. 1 the values of the coefficients are @ = 1-95 and b = 1-49 X 1073). The
numerical value of b can still be calculated even if the wind forces are grouped,
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which is commonly the case. The mean value of the wind speed, excluding
calms, is found to be 14-7 m.p.h. and the corresponding standard deviation is
7+9 m.p.h.

The value of b calculated from the standard deviation by means of the
formula 62 = (1—m/4)/b is 3-44 X 1073 (Napierian logarithms) and the mean
wind speed (excluding calms) given by the formula 2 = 44/(7/b) is 15-1 m.p.h.
in satisfactory agreement with the observed values. Taking the value of b as
3-5 X 1073 and using the values of exp (bv?) given in Table I the derived fre-
quency distribution of wind directions and wind speeds at Guernsey is as shown
in Table III.

Skeabrae.—The value of b deduced from the summary of wind forces in Table
IT by the method of least squares is 2-28 X 107%. In Fig. 1 where common loga-
rithms are used, the coefficients of the equation log,, 7, = a — bv® become
a =1-98 and & = 0-99. We also find that, excluding calms the mean wind
speed is 18-2 m.p.h. and the standard deviation 10-2 m.p.h.

The corresponding average wind speed, calculated by means of the formula
v = }4/(x/b), is 18-6 m.p.h., and the standard deviation, calculated from the
formula 02 = (1—m/4)/b, is ¢ = g-7 m.p.h., again in good agreement with the
observed values.

The frequency distribution of wind speeds and wind directions at Skeabrae,

computed on the assumption that b is equal to 2-3 X 1073, is shown in Table
III.
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SERIES OF COMPUTED FORECAST CHARTS AND THE
MOVEMENT OF A DEPRESSION, AUGUST 19-21, 1954

By 1. J. W. POTHECARY, B.Sc. and F. H. BUSHBY, B.Sc.

Introduction.—On August 19, 1954, a depression became stationary over the
North Sea, contrary to expectation at the Central Forecasting Office at
Dunstable until shortly before it occurred. The use of conventional methods
of forecasting suggested that the depression would continue eastward to
western Germany.

Computed forecasts of the 1ooo-mb. and 500-mb. contour charts and the
associated thicknesses were made at 12-hr. intervals to cover the period from
1500 G.M.T., August 19, to 0300 G.M.T., August 21, which included the cessation
of the eastward movement of the depression and its subsequent drift south-
westward. Although a number of individual numerical forecasts had previously
been computed with results which were, on the whole, comparable in accuracy
with those obtained by conventional methods, this was the first time that a
sequence of such numerical forecasts, dealing with the evolution of the synoptic
situation over 60 hr. had been computed in the Forecasting Research Division
at Dunstable. The series of computed charts (Charts (¢) and (d) of Figs. 3-6)
achieved considerable success in respect of the movement of the depression.
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Synoptic history.—The depression had developed from a wave on a trailing
cold front and acquired its first closed isobar (1008 mb.) south-east of ocean
weather station J (50°N. 18°W.) at oooo, August 17. During the following
48 hr. the depression moved north-east to the North Sea where the centre
remained stationary for nearly g0 hr. By 0600, August 20, the centre had
begun to move south-west and 24 hr. later it had crossed the Midlands and
southern England and was filling up over the western English Channel. This
movement is illustrated in the 1000-mb. charts covering the period (Charts
(a) of Figs. 1-6).

The movement of the depression was related to events on a larger scale over
the North Atlantic. Low pressure extended from eastern Canada to the
Denmark Strait and a warm south-westerly air stream extended northward
over Iceland. This stream persisted until, by 0300, August 20, the 18,000-ft.
thickness line was approaching its northernmost extreme.

A cold trough in the 1000-500-mb. thickness pattern was being maintained
over the west of the British Isles by the depression as it moved across the country,
and this, with the warm ridge extending north of Iceland, led to the formation
of an anticyclogenetic region from the Azores to northern Scandinavia. High
pressure eventually extended from the Azores to north-west Russia and a cold
pool was cut off west of the British Isles.

At 0300, August 19, the depression became slow moving over the North Sea,
and by 1500 it was stationary and the circulation over it was closed up to
100 mb. The cutting-off process was complete.

Discussion of the electronic computations.—In order to facilitate
comparison of the charts shown in Figs. 1-6 the following order of presentation
is used:

Charts (a): Actual 1000-500-mb. thickness and 1000-mb. contours.
Charts (b): Actual 500-mb. contours.

Charts (¢): Computed 1000-500-mb. thickness and 1000-mb. contours.
Charts (d): Computed 500-mb. contours.

The first 24-hr. forecast charts were computed from the data for 1500,
August 18, at which time the depression was moving east into the North Sea
after crossing northern England. The last forecasts of the series were computed
from the data for 0300, August 20, when the depression was still stationary
over the southern North Sea.

The computations were based on the Sawyer-Bushby two-parameter model
which has been described elsewherel'2. For this series the observed changes
around the edge of the area were used as boundary conditions during the
calculations, but it is thought that the computed values near the British Isles
are not materially affected by the boundary assumptions. A non-adiabatic
heating term was introduced to allow for the modifying effect of heating over
the sea. Some of the computations were based on data for an upper level of
600 mb., but the results were extrapolated to 500 mb. for comparison with the
500-mb. charts. The computed forecasts and the actual charts are briefly
compared in the following paragraphs.

1500, August 19 (Fig. 3).—The pattern of the computed 1000-mb. contours
shows substantial agreement with the actual chart and the movement of the
centre was correctly forecast, although the central pressure was computed to
be about 5 mb. too low. The maintenance of cyclonic curvature over the
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British Isles and the position and intensity of the 1000-mb. ridge over the
eastern Atlantic correspond with the actual chart. The amplitude of the thick-
ness ridge over the Atlantic was reasonably well forecast, but the small cut-off
cold pool over the Irish Sea was not indicated although the broad outline of the
cold trough was maintained. The computed 500-mb. contours are in close
agreement with the actual chart.

0300, August 20 (Fig. 4).—The centre of the depression was held stationary
over the southern North Sea in close agreement with actual events. The
extension of high pressure from the Azores to northern Scandinavia was
correctly indicated and cyclonic curvature of the 10oo-mb. contours was
maintained over England and Wales. The position and intensity of the cold
trough over the British Isles was correctly indicated but the formation of a
cut-off pool over the western English Channel was not shown.

1500, August 20 (Fig. 5).—The centre of the depression was actually moving
south-west over East Anglia and filling up at this time. The relatively low
pressure over south-east England is indicated by the computations but the
centre was held back over the southern North Sea. The cut-off cold pool over
the Bay of Biscay and the western approaches and the maintenance of the
warm ridge over the eastern Atlantic are shown in the computed charts. The
computed and actual 500-mb. contours are almost exactly similar.

0300, August 21 (Fig. 6).—By this time the remnant of the actual centre was
over the western English Channel. The computations placed a weak centre
over Lincolnshire but the larger-scale distribution of the actual and computed
1000-mb. level is similar. The cut-off cold pool was computed to be more
extensive and deeper than shown on the actual chart. The 500-mb. computed
and actual contours show a similar distribution.

Examination of some other forecasting methods.—The initial infor-
mation available on the charts for 1500 and 1800, August 18 and 0000, August 19,
shortly before the depression became stationary, was examined in detail, apart
from electronic computation, to find how much evidence for the future move-
ment it contained, since, as mentioned earlier, conventional forecasting
methods proved inadequate at that stage. Some of the techniques of analysis,
such as the calculation of isopleths of the Sutcliffe development term, are
rather too complicated for routine use in a forecast office.

The Rossby stationary wave-length was greater than the actual trough-to-
trough wave-length of the 500-mb. pattern over the Atlantic and Europe which
indicated eastward progression of the pattern. But by 1500 August 18 the
amplitude of the oscillation in the 500-mb. flow over the Atlantic was becoming
very large with a strong flow north-eastward forward of the up-stream trough
over Newfoundland. Only part of this flow was involved in the down-stream
trough over western Europe, and, in the event, the wave-length measurements
were misleading. The formation of a cut-off circulation over or near the
British Isles occurred.

Calculation of the Sutcliffe development terms alone at 1500, August 18
showed a cyclonic development area over the Skagerrak, and suggested the
formation of a new centre there and the swinging south-east of the original
centre to a cyclonic development area over the Low Countries. These

developments would have led to the continued eastward motion of the
depression.
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The isallobaric evidence at 1800, August 18, indicated that these develop-
ments were in progress, but at 0000, August 19, the greatest pressure falls were
concentrated over the Low Countries and the falls elsewhere, particularly
between Denmark and Sweden, were very much reduced, which was more
consistent with the subsequent actual movement of the centre.

The 1000-mb. flow around the depression at the times the forecast charts were
prepared was asymmetric with the strongest flow, and considerable advection
of cyclonic vorticity, on the north-western side.

If the upper level in the Sutcliffe development equation3 is considered
non-divergent then

! di DCO 350 ! !
- 1VPV0=E=—8—;+VO.grad lo=—Vi.grad (Il 4+ + 278,

and the local rate of change of 1000-mb. vorticity, 8Z,/ot, can be obtained from

2
5 =— Vigrad (I + {' 4 28)) — V. grad ¢,

where [ is the Coriolis parameter, V, is the 1000-mb. wind, {, is the vorticity
at 1000 mb., V' is the thermal wind in the 1000-500-mb. layer and {’ is the
thermal vorticity.

The final term, which represents the advection of vorticity with the surface
flow, may be important with asymmetric depressions. Isopleths of the surface
vorticity advection can be constructed by use of the Sawyer-Matthewman
scale and the field of 8{,/dt is then obtained by gridding with the isopleths of
relative divergence.

By 1500, August 18, the circulation of the depression was asymmetric with a
much stronger flow on its north-western side; surface vorticity advection was
computed for this time and the local rate of change of 1000-mb. vorticity was
obtained.

The Sutcliffe development terms indicate the type and intensity of develop-
ment following the motion, whereas the local rate of change of surface vorticity
indicates the change of circulation at a fixed point. The local development was
becoming more cyclonic over the Skagerrak, and over the Low Countries and
eastern England, and less cyclonic over the eastern half of the North Sea and
the rest of the British Isles.

The Sutcliffe development equation neglects the effect of vertical stability
on development. This factor was taken into account in an evaluation of
vertical velocity and thickness tendency from Sutcliffe’s theory?, and an
empirical factor of 0-27 emerged by which the vertical velocity, closely related
to the development, should be modified to take account of vertical stability.
Isopleths of the development reduced in this way were gridded with isopleths
of the advection of vorticity at 1000 mb. to produce a modified field of the
local rate of change of surface vorticity.

The distribution of the local rate of change of surface vorticity when stability
was taken into account did not indicate the transference or the movement of
the centre eastward, but there was some indication that the centre should
either have become stationary over the North Sea or have moved south-east.
In the event the centre continued to move slowly north-east until the early
hours of August 19, and then became stationary with a tendency to drift slowly
south.
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Conclusion.—The case history of this depression illustrates a type of
situation in which an upper depression over the British Isles was being cut off
from the main westerlies, and this had an important effect on the motion of the
surface depression and associated weather over the British Isles.

The inclusion of the stability in the derivation of the local rate of change of
surface vorticity, assuming zero divergence at 500 mb., provided a little more
information about the future motion, but it would have been difficult to have
foreseen the actual motion of the centre even had this information been
available to the forecaster. Such information cannot, in any case, be produced
by hand in the limited time at his disposal.

This situation was adequately dealt with by electronic computation,
presumably because the model takes into account processes which could not
properly be assessed by visual inspection of the charts. The success of the
computed forecasts must also be attributed partly to the method of computation -
which involves steps of one hour and hence the calculation of development from
continually changing data; this must be a considerable advantage where the
motion of a depression undergoes a radical change.
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METEOROLOGICAL OFFICE DISCUSSION
International Geophysical Year

The Discussion on Monday, February 20, 1956, held at the Royal Society of Arts was opened by
Mr. R. F. M. Hay who dealt with the programme and objectives of the International Geophysical
Year (1.G.Y.). Some of the more detailed aspects of the I.G.Y. described by Mr. Hay have been
omitted from this report; they are given in Mr. Absalom’s article in the February 1956 number
of this Magazine. After pointing out that the programme of scientific work on the scale to be
attempted between July 1957 and December 1958 was being supported by 40 nations, Mr. Hay
briefly recalled that International Polar Years were held in 188283 and 1932-33. The United
Kingdom took part in both these efforts and maintained a station at Fort Rae on both occasions.
Under the leadership of Dr. Stagg the Fort Rae party had carried out an extensive programme
of auroral, magnetic, ionospheric and meteorological observations in the Second Polar Year.

When in 1950 Dr. Berkner proposed a repetition of the International Polar Year, the Inter-
national Council of Scientific Unions suggested the more ambitious scheme now known as the
International Geophysical Year, and appointed the Special Committee for the International Geo-
physical Year, with Professor S. Chapman as President, to be responsible for its organization.

Each participating country has appointed a National Committee and programmes of work
would be carried out by sections with responsibilities as follows:— World Days, Meteorology,
Geomagnetism, Aurora and Air glow, Ionosphere, Solar Activity, Cosmic Rays, Latitudes and
Longitudes, Glaciology, Oceanography, Rockets, Publications and Publicity. The cost of the
project would probably amount to about £35,000,000 and the central organization is being
strongly supported by the United Nations Educational, Scientific and Cultural Organization.
The United Kingdom I.G.Y. Expedition to Coats Land would cost about £250,000, a sum which
is being provided by the Royal Society, while the additional Meteorological Office expenditure
would amount to about £76,000.

Describing the organization proposed for I.G.Y. Mr. Hay began with the activities of the
“World Days” Section. The intention behind the choice of ‘“World Days” is to ensure that the
largest possible number of observations are made on days coinciding with eclipses and meteor
showers and, if possible, with periods of marked solar activity, all of which events are linked with
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phenomena in the high atmosphere. Hence this section had devised the classification of World
Days which has been described in Mr. Absalom’s article.

The Special Committee for the I.G.Y. aims to set up many additional stations, and is concen-
trating in particular upon the arctic, antarctic and equatorial regions. They attach importance
to providing several close networks from pole to pole along certain meridians of longitude in
particular those of 80°W., 10°E. and 140°E., besides some shorter lines of stations for the purpose
of obtaining meteorological vertical cross-sections. These include a northern-hemisphere merid-
ian section at 20°W. to which the ocean weather stations will make an important contribution.
Mr. Hay next drew attention to the 21 expeditions that will be setting up bases on the Antarctic
mainland during the I.G.Y.

Dealing with the main problems to be studied, the opener first reviewed briefly some features
of solar activity. Attention was drawn to the 11-yr. sun-spot cycle and to the physical character-
istics and magnetic fields of sun-spots. One of the main reasons for holding the I.G.Y. in 1957-58
was that the next fairly intense sun-spot maximum is expected to occur then. Solar flares, short-
lived great increases of energy in the ultra-violet, responsible for at least a smalil part of the
variation in the solar constant were then described. These flares are associated with “faculae”—
bright patches near or surrounding sun-spots which suddenly and unpredictably become very
bright for periods lasting up to 3 hr.—and are believed to originate as a result of streams of
electrons upwelling from the sun’s centre.

During the I.G.Y. a “‘solar-flare patrol”” would be maintained to keep an uninterrupted world-
wide watch on the sun. This would be done by solar observatories equipped with spectrohelio-
graphs, the intention being to take photographs of the entire solar disc in hydrogen light auto-
matically at half-minute intervals.

The forecasts of solar activity would be made by the United States Central Radio Propagation
Laboratory. When the forecasters at the Laboratory judged the activity of a newly appeared spot
region to be high, their judgement being based on reports of flares, sun-spot size, radio noise and
magnetic fields, they would issue a ““Special World Alert”. Whenever such activity is maintained
for the next few days—the time between a spot appearing first at the sun’s limb and crossing its
central meridian being about 7 days—they would call for a “Special World Interval” at 12 hr.
notice. In this way they hope to have full-scale observations “laid on” just before the terrestrial
effects of a solar flare begin to be felt.

The United Kingdom intends to contribute to this programme with observations at the Royal
Greenwich Observatory, Jodrell Bank Radio-Astronomy Observatory and in British East Africa,
among other places.

After briefly recalling a few facts about the ionosphere, including Appleton and Naismith’s
discovery in 1939 that the electron concentration in the ionospheric layers increased between
sun-spot minimum and sun-spot maximum, which afforded proof that the solar intensity varied
in the ultra-violet, Mr. Hay drew attention to the practical importance of the layers for reflecting
radio signals used by long-distance navigational aids for ships and aircraft. Since the concen-
tration of electrons needed to reflect the waves increases with frequency, there is, for a given
layer, always a ‘“‘maximum usable frequency” for satisfactory transmissions. This maximum
usable frequency conforms in periodicity with the variations of electron concentration through
the sun-spot cycle, a fact used by radio engineers to predict maximum usable frequencies some
months ahead. However, these predicted values are not yet considered to be accurate enough.
A so-per-cent. increase in the existing number of ionospheric observing stations is aimed for
during the I.G.Y ., special interest attaching to the geomagnetic equator and the Antarctic. The
“vertical-incidence” method of sounding will be the chief method to be used at most of the
stattons. In addition there will be studies of the world-wide pattern of ionospheric drifts, and
part of the programme will be devoted to an intensive study of radio fade-outs associated with
the onset of solar flares.

Ionospheric investigations by the United Kingdom would comprise programmes by the Radio
Research Organization of the Department of Scientific and Industrial Research in this country
and in the Falkland I.lands as well as by Jodrell Bank.

After drawing attention to the main features of aurorae and to the practical and theoretical
work of Birkeland and Stermer respectively in explaining some of the more important features
connected with them, and mentioning some problems which are still unexplained, such as the
discrepancy between the actual radii of the zones of maximum auroral frequency and those pre-
dicted by Stermer’s theory, the opener dealt with the I.G.Y. auroral programme. For the purpose
of the I.G.Y. the world has been divided into three regions, the most important to be called the
“‘auroral region” lying between 60° geomagnetic latitude north and south, and the north and
south magnetic poles respectively. Observations would be undertaken by means of a visual
watch to be kept by meteorologists, astronomers and amateurs, and by programmes of photo-
graphic, photometric and spectral observations. It is hoped that many more measurements of
auroral height using the Stermer method will be made together with numerous determinations
of wave-lengths and intensities in conjunction with observations of auroral height and type.
The Gartlein all-sky camera, which takes a picture every 5 min. on 16 mm. film and can be
managed by untrained personnel. should greatly assist the photographic programme. I.astly,

113



investigations will be made at Jodrell Bank of the scintillation of radio stars observed while aurora
is in progress. Also in the United Kingdom the auroral survey operated from Edinburgh over
many years will provide a contribution to the I.G.Y. which will be reinforced by spectrographic
studies at St. Andrew’s University.

The opener recalled the special importance of terrestrial magnetism for air and sea navigation,
in the interests of which it is advisable for a world-wide survey of the earth’s magnetic field to be
made about every 25 yr. The small-scale fluctuations lasting a few minutes to several days were
also described, and the theory outlined which relates the occurrence of great magnetic storms
with the arrival of solar corpuscular radiation reaching the earth about 26 hr. after the onset of
a solar flare lying within about 45° of the central solar meridian. The main feature of these
storms—the weakening of the earth’s field—during their main phase is ascribed by the Chapman-
Ferraro-Martyn theory to the formation of a ring current in space around the earth in the equa-
torial plane whenever the earth traverses a neutral corpuscular stream. Mention was inade of
the difficulty that smaller magnetic storms which show no obvious relation to sun-spots often
recur at 27-day intervals for months on end. The existence of so-called M-regions actively
emitting corpuscles for long periods is put forward to account for storms of this type, although
such regions have not yet been identified with any visible feature on the sun. The opener re-
called that the experimental proof of the existence of streams of solar corpuscles and of their
velocity of approach to the earth, which must be of the order of 1,600 Km./sec., is so far very
unconvincing.

The Special Committee for the [.G.Y. have already commented that few complete records of
any great magnetic storms were obtained during the two Polar Years, and that a denser net-
work of magnetic observatories than before is needed during the I1.G.Y. to infer even the broader
features of the ionospheric-current systems. They also recommend that auxiliary recording
instruments should be operated up to 40 Km. from certain parent stations. Their aim here is
to provide additional information on the height and intensity of the narrow localized currents—
electro-jets—in these regions. The Meteorological Office intends setting up two such auxiliary
stations around the Observatory at Lerwick.

Mr. Hay next described the Special Committee’s programme for meteorology, to which the
World Meteorological Organization has substantially contributed. Most of the problems relate
to the general circulation. They are

(i) re-distribution of momentum, absolute vorticity and all forms of energy.

(ii) influence of surface features—the largest mountain ranges—on momentum and heat
exchange between the atmosphere and the earth’s surface.

(iii) thermal economy of the atmosphere. This includes radiation studies, albedo and
determinations of ozone distribution.

Besides the arrangements already described for setting up additional stations, the opener
mentioned that Whaling Companies are being asked to allow meteorologists to accompany
their factory ships to secure upper air soundings in the Southern Ocean. Thus sufficient stations
may well be available from which to derive mean values of the three-dimensional temperature,
water-vapour and wind distributions prevailing for the particular period of the I.G.Y. However,
it remains to be seen whether the observational network in space and time will really be detailed
enough to allow a viable theory of the general circulation to be constructed.

Mr. Hay then showed some slides of temperature and wind cross-sections including two
showing mean zonal components of wind for the northern hemisphere for January and July.
These slides give the most detailed vertical cross-sections at present available.

Further examples of investigations which should be helped by data from the 1.G.Y. are the
splitting of a jet stream to westward of a continent, for which the data from the cross-section at
20°W. would be valuable; and atmospheric circulation over the polar regions, including the
behaviour of the tropopause over the Antarctic in winter. High-level wind information to be
provided during the I.G.Y. should also enable the seasonal reversal of winds at great heights to
be studied in greater detail, besides being of great value operationally and economically to
present-day and future aviation. The opener could not explain the restriction of ‘“World
Meteorological Intervals” to the solstices and equinoxes which have no great significance from
the meteorological standpoint.

Instruments for use in radiation studies included the Moll-Gorczynski thermopile solarimeter
and the vertical-flux plate radiometer, the latter instrument having been developed in the
Meteorological Office.

Attention was drawn to the need for making observations of the earth’s total albedo during
the I.G.Y. by the method of Danjon which had long been neglected. Danjon’s individual
measurements gave values varying between 30 per cent. and 50 per cent. and all his measure-
ments were made in France. Hence the observations should be repeated from other parts of the
world to ensure measurements of the total albedo being made while the Pacific Ocean faced
the sun. The Special Committee of the I.G.Y. have asked the International Astronomical
Union to do this during 1957-58. At the same time it is intended to make measurements of
cloudiness as accurately as possible aboard merchant ships and at ocean weather stations.

144



After briefly reviewing the contribution of Dobson and others to our knowledge of the world
distribution of ozone, the opener showed two slides giving the seasonal distribution and the
vertical distribution of ozone respectively. He drew attention to two principal difficulties in
explaining the distribution of ozone theoretically. First, the fact that day-to-day changes in
total ozone amount at a single locality such as Oxford are larger than the normal difference
in total ozone amount between equatorial and polar regions at most seasons, implies that the
short-period changes cannot be explained by north—-south advection. In the second place ozone
vertical-distribution determinations have also been made from balloons as well as from rockets,
but there is still disagreement between the vertical distribution derived from all these observing
methods and by means of calculations such as those of Craig. Craig computed the equilibrium
concentrations which must exist at various levels between molecular and atomic oxygen and
ozone, dependent as the photo-chemical equilibrium between these constituents is upon the
intensity of the sun’s ultra-violet radiation and upon the absorption coefficients of these gases.
The theoretical and computed distributions agree well above 35 Km., but below 20 Km. there
is considerably more ozone in reality than the calculations suggest. Craig’s calculations also
failed to explain the latitudinal and seasonal variations of ozone amount and the association
of ozone with surface weather systems and upper air flow patterns.

In addition, Fleagle has shown that stratospheric air, in moving from a ridge to a trough in
the upper flow, undergoes marked lateral convergence and vertical subsidence. However, this
subsidence is most marked close to the tropopause and hardly shows at 17 Km. To make matters
worse, the layer where the rate of increase of ozone concentration with height is steepest has
been believed to lie still higher than 17 Km. Some very recent work by Brewer, however, who
made ozone determinations from an aircraft in northern Norway, suggests that there is a rather

rapid increase of ozone upwards through the tropopause which may serve partly to overcome
this difficulty.

Wulf and others have shown that the rates of opposing photo-chemical processes, those which
destroy and create ozone respectively, vary greatly with altitude. Above about 35 Km. equi-
librium must be reached very quickly in daylight, i.e. within a few hours; below this level photo-
chemical equilibrium is seldom, if ever, reached. Hence below this level the ozone mixing ratio
is generallv a conservative property and descending air will carry its high ozone content down
with it.

Evidently the observed distribution of ozone is brought about largely by vertical mixing,
although it appears that downward velocities of about 1 m./sec. are necessary to explain the
difference between Craig’s computations and the observed values.

In its programme the Special Committee of the I.G.Y. recommends that ozone-measuring
instruments (Dobson’s spectrophotometers) be installed at stations near the meridians of 10°E.
and 140°E., and on both sides of the subtropical jet stream. They consider many more detailed
measurements of horizontal and vertical distribution of ozone are required.

Mr. Hay next described the United Kingdom’s contribution to the meteorological programme,
pointing out that the ocean weather stations I, J and K would contribute data to the 20°W.,
Malta to the 10°E. and Aden to the 15°N. (zonal) vertical cross-sections. He explained that on
ordinary days throughout the I.G.Y. the normal number of soundings would be made to at
least 50 mb., but in one of the combined daily temperature-wind ascents a large (1,250 gm.) bal-
loon would be used to get up to 100,000 ft. (10 mb.) when possible. All these arrangements
conformed closely with the Special Committee’s recommendations. On ‘“World Meteorological
Interval” days, four combined temperature wind ascents with large balloons would be made at
the ocean weather ship stations, at three stations in the United Kingdom and in the Mediter-
ranean and Middle East.

Dealing with the radiation programme, he explained that observations would be made by
Hemsby, Aberporth, Cambridge, the Meteorological Office Observatories, the Meteorological
Research Flight, Malta, Aden and Port Stanley (Falklands).

In the United Kingdom measurements of total ozone amounts using the Dobson instrument
would be continued at Oxford and made in addition at Lerwick, Aldergrove and Camborne.
It was hoped a chemical method for measuring ozone concentration would be used by the
Meteorological Research Flight for investigating relations between ozone amount, the subtropical
jet stream and double tropopause structure. It was also intended to make ozone measurements
at Aden, Bahrain and Habbaniya. The British sferics network in the United Kingdom linked
to the Central Forecasting Office, Dunstable, would. of course, be available for thunderstorm
location as required by the Special Cormnmittee.

Dealing with physical oceanography Mr. Hay said that a main requirement at present was
for temperature and current measurements and water samplings to be made at all depths along
selected ocean traverses. In this way a better understanding could be obtained of the ocean to
atmosphere energy exchange and of the fluctuating fortunes of the fishing industry, among other
important problems.

Oceanographers also wanted a programme included in the I.G.Y. for improving our under-
standing of short-period and long-period changes in sea level. For long-period changes of sea
levels the recorders to be used would not respond to ordinary waves and swell, but would take
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account of those changes of level due to storms and seismic surges, to tides and seasonal fluctu-
ations. A better understanding of unexpected changes in sea level which affect harbours and
result in coastal flooding should follow from such work. The Royal Research Ship Discovery 11
and the Fishery Research vessels Scotia and Ernest Holt would take part, and the National
Institute of Oceanography would be installing tide gauges in the United Kingdom and overseas.

Another recommendation of the Special Committee of the I.G.Y. was that sea-temperature
measurements should be made regularly down to at least 200 m. using bathythermographs.
Only discontinuous series of such observations have so far been made at any one point in the
open ocean, mainly upon British and United States ocean weather ships. Meteorologists should
thus be provided with data for investigating the relation between seasonal and longer-term
fluctuations of anomalies of sea temperature in the topmost 200 m. The large-scale distribution
of sea-temperature anomalies in this 200-m. layer and the overlying air-temperature anomalies,
together with snow and ice cover over the polar regions and winter continental areas, must be
very significant factors for determining seasonal climatic anomalies. The interdependence
between them still needed working out in detail.

Glaciological problems under consideration by the Special Committee are mainly comprised
under three headings. There are, first the characteristics of glaciers, their shape, size, thickness,
rate of flow and advance and retreat, and then changes in these factors as an indication of present
climatic trends. Internal glacier structure, seasonal bandings and so forth, will be used to derive
recent climatic fluctuations. Lastly, all these studies together with thickness determinations of
the ice caps in Greenland and Antarctica should yield more accurate estitnates of rates of change
of sea level. For instance, the rise of sea level due to melting ice is now estimated as 4 in. a
century. In a region where land is subsiding for isostatic reasons, as in south-east England, at
a rate of about 6 in. a century, the problem may become quite serious in due course.

Such measurements of ablation, accumulation and movements of glaciers are included in the
Special Committee’s programme, while the importance of establishing fixed survey points is
emphasized to allow changes in glacier characteristics to be accurately measured in future
Geophysical Years. Antarctica is given priority, although programmes are also recommended
for little-known areas like the east African mountain glaciers (Kilimanjaro) and the far north of
Canada.

Prof. Manley, in a letter regretting his inability to attend the Discussion, has drawn attention
to the main features of the United Kingdom glaciological programme. In addition to the points
mentioned in the Special Committee’s programme the measurements already described will be
made on one or two glaciers in South Georgia and related to meteorological factors. This
island lies so near the Antarctic convergence that this programme may serve to elucidate the
oceanic circulation as well as the atmospheric circulation in that area. Similar work at King
George Island (62°S.) which has less precipitation and lower temperatures should show whether
glacier movement and behaviour there are in phase or not with South Georgia, and better
results should be obtained from annual bandings. Similar work which the I.G.Y. party based
on Coats Land intend to carry out should yield valuable information on the climate of at least
that part of the Antarctic.

Describing the rocket programme for the 1.G.Y., Mr. Hay said the United States intends
launching about 36 Aerobees, each capable of carrying up to 160 1b. of research instrumentation
into the thermosphere, besides a large number of smaller rockets to be launched from balloons
or aircraft. France also intended sending up a few rockets. Details of any rocket-launching
programme under consideration by the United Kingdom are not yet available*.

It was intended to launch these rockets on selected “World Days”. They could help to solve
many problems. For instance, they could tell us more about the extension of the solar spectrum
in the ultra-violet, they could be used to investigate the current systems responsible for the short-
period fluctuations in the earth’s magnetic field, for cosmic-ray investigations and to determine
the constitution of the ionosphere. It was hoped a rocket could be launched to coincide with a
solar flare, although such coincidence would be hard to achieve since preparations for an Aerobee
launch take up to 24 hr. even when the geophysical equipment is ready at the outset. Launching
of small satellite vehicles during the I.G.Y. is seriously reccommended, since the time-scale of the
information they could provide under all these headings would be so greatly extended.

Mr. Hay finally alluded to the work of the section responsible for publications and publicity,
which is already preparing a history of the two carlier Polar Years, handbooks covering pro-
grammes, lists of Instruments, observation manuals and so forth. The main task of this section
would be to ensure speedy publication after the I.G.Y. of results from all the different fields of
activity and to get this done on a uniform plan.

Cmdr Frankcom, opening the general discussion, referred to the opener’s statement that it was
hoped to make observations of total radiation aboard British ocean weather ships during the
I.G.Y. He understood from Dr. Robinson that observations could be made satisfactorily with

* See JONEs, F. E. and MASSEY, H. 8. W.; Rocket exploration of the upper atmosphere. Nature,
London, 177, 1956, p. 643.
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fixed instruments providing the ship’s roll did not exceed 5°. This was true as regards the thermo-
pile solarimeter. He went on to say that ocean weather ships have been observing aurorae on
behalf of Mr. Paton’s auroral survey for several years. He added that the Marine Division had
always encouraged “selected” ships to make observation of meteor trails, and asked Mr. Hay
whether such observations could be of any use for determinations of ionospheric drifts. Mr. Hay
replied that this point had been mentioned by Mr. Graystone at a recent Meteorological Office
Discussion. He understood that such visual measurements were useful providing the position
of the trail was accurately determined against its background of stars. Visual observations
could not compete in value with photographic records of meteor trails, particularly when made
with a ciné camera. In both cases measurements from a single base only gave velocity compo-
nents perpendicular to the line of sight.

Mr. Gold remarked that as one half of the atmosphere is contained between the parallels of
30°N. and 30°S., and in addition the tropics receive more than half the solar energy, he would
like to know how many additional synoptic observations would be obtained from the tropics.
He felt that the tropical regions ought to be allotted a substantial part of the £35,000,000 to
be spent during the I.G.Y. He would like to know what plans are being made to set up an
organization to deal with all the results. Admittedly the working up of the results of the last
Polar Year was interfered with by the Second World War, but from the start there was a lack
of a satisfactory organization to record and publish the observations. The synoptic data for the
Antarctic should be a magnificent improvement on anything we have had before ; Antarctica was
the nearest approach to a symmetrical portion of the earth’s land surface we could get. There
was a need for an organization to tackle the meteorological results, not only to publish them but
to see what can be got out of them. Mr. Hay said that the Special Committee had also provided
for the running of a large number of additional stations along the whole length of the equator
and for some shorter zonal strips in low latitudes. These stations were all in addition to those
included in the pole-to-pole meridional sections already shown in a slide. He understood the
coverage of stations proposed for the tropics would be reasonably adequate. As regards publish-
ing the data, the Publications Section had already arranged for the Solar Activity Section to
begin publishing its results directly the I.G.Y. ended, and to take necessary steps to ensure other
sections published their data without delay.

Dr. Stagg said that he also felt some concern about the adequacy of the equatorial network.
The original idea for 1957-58 had been another Polar Year, but meteorologists had insisted
upon it being given a wider scope to cover the equatorial regions. Some people felt that a larger
part of the British contribution might have been allotted to the equatorial regions; for instance
it would have been a very good thing if stations could have been set up for the I.G.Y. on Christ-
mas Island (south of Sumatra), in the Maldive and Laccadive Groups and at Addu Atoll. There
certainly was a great need to provide adequate arrangements including provision of staff for
publishing the data and for working up the results.

Dr. Eady considered that a concentration of stations on meridians was unsatisfactory, and that
it would be better to have the stations spread out more uniformly.

Mr. Absalom explained that other meridians were going to be operated during the 1.G.Y.
besides those shown in Mr. Hay’s slide; for instance, there was one at 30°E. between latitudes
30°N. and 30°S. which would be well covered with stations. The requirements for aerological
work in the tropics were being increased in certain quarters, for instance, by Australia and New
Zealand in the Pacific Islands. The World Meteorological Organization had already drawn up
forms of presentation for the data. A great deal of work was being put in on these problems at
the present time.

Mr. McNaughton explained that he had been in charge of upper air stations in the Falkland
Islands for 10 years, building up a synoptic and aerological network in the Falkland Islands
Dependencies. He would like to know if synoptic meteorologists believed that the setting up of
the network already described for two years would solve the problems of Antarctic circulation
or merely give them an appetite for more.

My, Lamb said that the one and a half years’ co-ordinated observations would certainly be of
value, and he hoped that they would confirm previous ideas. He doubted whether the idea of
pressure surges emanating from the interior of the Antarctic continent put forward by Sir George
Simpson still had a real validity today in scientific circles, although it was certainly true that
the United States I.G.Y. programme provided for further investigation on this problem. He
felt that until recently the Antarctic had been considered, meteorologically speaking, rather in
isolation.

M. Leeson inquired whether there was any publication which gave an overall picture of the
1.G.Y. activities as contemplated. Mr. Hay replied that a great deal of information about the
1.G.Y. programme was contained in the News Letters Nos. 7, 8 and g of the International Union
of Geodesy and Geophysics. Also, one of the tasks of the Publications Section of the Special
Committee was the production of 2 handbook covering the full activity and programme of the
LG.Y. Inreply to a query from Dr. Stagg, the United Kingdom National Correspondent for
the Publications Section, Dr. Moore, who was present at the Meeting, said he did not wish to
add anything to Mr. Hay’s remarks.
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Mr. Veryard asked whether details were available of the programmes for making surface
observations such as soil temperatures. Mr. Absalom replied that these matters were under
consideration.

Myr. Houghton asked for details regarding standardization of instruments, instancing variations
between the aerological observations of different nations. He said that he had also found differ-
ences in sea temperatures as observed by French and British ships at the same place. He asked
whether any plans had been devised for making measurements of surface observations over the
sea, or over the land in an individual depression. Mr. Hay pointed out the obvious difficulty of
selecting a suitable depression beforehand. To fulfil Mr. Houghton’s suggestion some form of
radio-communications linkage between national forecast offices would need to be arranged
before the I.G.Y. on the same pattern as that already devised by the Solar Activity Section for
notifying Special World Alerts. As regards standardization he hoped that the Radio-Sonde and
Aircraft Instruments Branch of the Meteorological Office would be able to provide some infor-
mation about the positicn.

Dr. Scrase said that a second series of instrument comparisons are due to be made in May.
This would cover 12 different types of radio-sonde.

Mr. Ali Abandar (Jordanian Meteorological Service) asked for more explanation of the differ-
ence between the theoretical and actual curves shown in the slide giving the vertical distribution
of ozone. Mr. Hay explained that the discrepancy between the calculated and the actual
amounts of ozone below 20 Km. shown on the slide earlier was one of the outstanding difficulties
of the subject. He referred to the seasonal distribution of total ozone amounts described earlier,
and pointed out that if photochemical processes alone predominated the maximum ozone
amounts should be found over the equator. Some very recent work had shown that, with winds
of polar origin in spring a second ozone maximum was found at about 15—-20 Km., this maximum
did not show with winds of equatorial origin. It was very difficult to explain the observed
distribution of ozone other than as a dynamic balance between photochemical processes creating
ozone at high levels perhaps in low latitudes, with advection of ozone at high levels from low to
high latitudes, after which descending currents carry ozone-rich air to lower levels, whence it is
removed by dissociation. The process was complicated by the fact that the temperature of the
stratosphere depended upon the amount of ozone present at vartous levels, while the absorption
coeflicients of ozone showed a dependence upon stratospheric temperature.

Cmdr Frankcom said that the question of the standardization of sea-surface-temperature obser-
vations was receiving consideration. He referred to the two methods: measurement by a canvas
bucket and measurement of condenser intake temperatures, and said that this problem would be
the subject of further study at the forthcoming Conference of the Commission for Maritime
Meteorology to be held next September.

M. Reed said that he understood the United States was going to open a station at the South
Pole itself during the I.G.Y. Was it the intention that scientific staff were going to live at the
South Pole throughout the period? He also wanted to know whether it was seriously intended
to launch earth satellites during the 1.G.Y. Finally he referred to the difficulty of launching very
large balloons from ocean weather ships during gales, and wished to know whether this had
received consideration? The meteorological programme which had been described for the
United Kingdom would require a large number of additional scientific staff and he would like
to know whether these were to be found?

Mr. Absalom said that the £76,000 mentioned for the United Kingdom expenditure was
purely intended for equipment, The additional number of staff needed was very small, and most
of the additional commitments in the programme could probably be covered by present staff
complements.

My, Lamb referred to the working up of meteorological data and to the desirability of a fairly
uniform distribution of observations. He pointed out that two of the chosen pole-to-pole merid-
1ans lay along semi-permanent upper air troughs. He would also like to know whether consider-
ation had been given to making radio-sonde observations from passenger liners.

Cmdr Frankcom said that it was hoped to obtain radio-sonde observations from whaling ships.
The Japanese had agreed to do this and the United Kingdom were about to signify their agree-
ment. United States Army Transports would also make radio-sonde observations, while the
United States Weather Bureau also intended to put special observers on United States merchant
ships traversing the Caribbean.

Dr. Scrase asked whether the World Meteorological Intervals were intended to cover consecu-
tive days. He pointed out that they would not cover the whole period during which the east-
west high-level wind transitions were known to occur, and considered the choice of equinoctial
periods was unsatisfactory for this purpose. Mr. Hay replied that the World Meteorological
Intervals were intended to be periods of 10 consecutive days. Although the date of their commen-
cement was fixed, provision was made for their extension as necessary.

Dr. Stagg remarked that some authorities had not agreed with the intervals being fixed at the
equinoxes, and had wanted them to be included to cover other portions of the calendar.
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Dr. Sutcliffe said that the idea of World Meteorological Intervals had only developed from that
of World Days. It was very easy to criticize the arrangements at this stage now that the main
ideas for the meteorological programme had been put forward. In fact, meteorology is an
advanced science compared with the other geophysical sciences. It was important that agree-
ment had been secured that only problems needing world-wide observations should be included
in the programme. The number of special stations needed was relatively small compared to
the total of stations normally operating.

Dr. Eady considered that problems of more limited interest should nevertheless not be lost
sight of. He would like to see a greater effort made in ocean regions.

Dr. Stagg, in conclusion, said that so far not very much thought had been given to minor
items such as measurement of soil temperature. The Special Committee had spent most of their
time on major items such as provision of up-to-date radar equipment. He again wished to
emphasize the need for a proper evaluation of the data after the close of the I.G.Y. and the
need to provide the necessary staff for the purpose. A great deal of effort had been devoted
to the fitting out of the Royal Society’s Expedition to Coats Land, and Meteorological Office
staff were at present being selected to carry out the programme at Coats Land during the
actual period of the I.G.Y. Referring to his own experiences in organizing the United Kingdom
party to Fort Rae in 1932—33, he reminded his audience that in 1932 radio-sondes were just
coming into existence. Theyv had tried hard to get some of Multanovsky’s radio-sondes for
1932-33 without success. He thought it not without significance that in 1932 radio-sondes
were just coming over the horizon while at the outset of the coming International Geophysical
Year the potentialities of satellites and rockets lay just ahead in the same sort of way.

METEOROLOGICAL RESEARCH COMMITTEE

The g7th meeting of the Synoptic and Dynamical Sub-Committee was held on
November 15, 1955. An interesting item in the paper by Dr. D. G. James! is
that cirrus occurred in the lower stratosphere on about 10 per cent. of the
occasions considered, and the suggestion that there is some evidence of upward
vertical motion in the lower stratosphere on these occasions. Mr. F. H. Bushby
gave an account of his recent experience of the experiments in progress in
Sweden on the electronic computation of 24, 48 and 72-hr. forecasts of the
500-mb. chart using a barotropic model of the atmosphere. Mr. E. Knighting
then outlined parallel experiments which he had witnessed during a nine-
months visit to the Joint Numerical Weather Prediction Unit, in the United
States, where 12, 24 and $6-hr. forecasts of pressure contour heights for goo,
700 and 400 mb. are obtained using a three-level atmospheric model. The Sub-
Committee welcomed Mr. J. S. Sawyer’s proposal? for the use of an incom-
pressible fluid model to facilitate the laboratory investigation of natural air flow
over a ridge, and recommended that the practicability of the model suggested
should be examined. The paper by Mr. G. A. Corby and Mr. C. E. Wallington3,
and the discussion of it, brought out the complex and sensitive relationships
between lee waves and the characteristics of the air stream and the generating
obstacle, and suggested that some earlier assumptions and ideas require re-
consideration.

The Meteorological Research Committee held its 70th meeting on November
23, 1955, under the chairmanship of Sir Charles Normand who has succeeded
Sir David Brunt. Dr. A. W. Brewer and Mr. J. Paton are new members of the
Committee. The Committee accepted the Instruments Sub-Committee’s re-
commendation that the modulated-beam searchlight method should be devel-
oped for the determination of atmospheric density at high altitudes, and noted
that the Meteorological Research Flight had been equipped for the better
investigation of clear-air turbulence to heights of about 50,000 ft. Progress
during the past half-year in main items of the research programme was reviewed.
Gratification was expressed that the Meteorological Office is to acquire an
electronic computer for use in work on the application of numerical methods
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in forecasting problems. After the formal business Mr. E. Knighting, lately
returned from a visit to the Joint Numerical Weather Prediction Unit, near
Washington, United States, described the numerical techniques used by that
unit, and the degree of success achieved in forecasting contour charts for goo,
700 and 400 mb. for periods up to 36 hr.

The g5th meeting of the Physical Sub-Committee was held on December 8,
1955. It was agreed, on a suggestion received from Dr. E. G. Bowen of Australia,
that the Meteorological Research Flight would endeavour to carry out a pro-
gramme for sampling the freezing-nucleus concentration in the free atmosphere
during January 1956, in co-operation with similar attempts in Australia and
South Africa to examine a possible connexion between the nucleus concentra-
tion and the occurrence of meteoritic showers. There was general agreement
that the paper by Mr. W. T. Roach* is a mine of information, and that Dr. G. D.
Robinson’s discussion® on the energy balance of the earth’s surface and atmos-
phere is a pertinent contribution. The increase in atmospheric ozone content
at the tropopause in northern Norway, reported by Dr. A. W. Brewer$, differs
from the results obtained a few years ago in southern England. Further similar
determinations by aircraft sampling in Norway, England and other latitudes
were considered to be desirable. In the discussion of Mr. P. J. Meade’s paper?,
which was prepared with a view to application to the problem of the plume
emitted by a factory chimney, it was mentioned that an account of a theoretical
and experimental investigation (at Cambridge University) of a plume in a
stable atmosphere would be published soon.

ABSTRACTS

1. JAMEs, D. G.; Investigations relating to cirrus cloud. Met. Res. Pap., London, No. 933, S.C.
1I/196, 1955.

Observations of cirrus from aircraft over the British Isles were analysed for frequency distri-
bution of tops and bases relative to tropopause, heights of base and thickness. Ten cases (in 220)
had tops above 40,000 ft. The surface charts, upper air soundings, 1000-500-mb. thicknesses,
advection vorticity at 300 mb. and 300-mb. contours were also examined. Cirrus was associated
with the area ahead of surface fronts, the high-pressure side of the jet stream, thermal ridges,
high humidities at 500-300 mb., winds between S. and W. at 500-300 mb. (advection of warm
air) and positive cyclonic vorticity at 300 mb.

2. SAWYER, J. s.; Dynamical similarity in an incompressible fluid model of two-dimensional
air flow over a ridge. Met. Res. Pap., London, No. 935, S.C. III/191 and S.C. II/198, 1955.

To overcome the difficulty that air is compressible and to simulate a flow of air over a range of
hills a model is examined in which an incompressible fluid flows through a narrow channel
tapering upwards.

4. CORBY, G. A. and WALLINGTON, C. E.; Air flow over mountains—the lee-wave amplitude.
Met. Res. Pap., London, No. 939, S.C. 11/199. 1955.

Theoretical considerations (sufficient decrease of {2 with height) suggest that lee waves should
be common over the British Isles, but they are rarely reported by aircraft. This is because, to
produce waves of large amplitude, large mountains need strong winds with an increase of speed
and/or decrease of stability with height, and the air-stream characteristics must be favourable.
The maximum amplitude and vertical velocity of lee waves in given conditions, and the vari-
ations of lee-wave amplitude and length, are calculated; they are very susceptible to small
changes of conditions.

4. ROACH, w. T.; Measurements of atmospheric radiation and the heat balance at the ground
at Kew, May 1953-May 1954. Met. Res. Pap., London, No. 936, S.C. 111/192, 1955.

The theory of heat balance on a grass surface is discussed and the instrument set up described.
Photographic records of surface temperature, radiation flux and flux of heat at 6 cm. in soil were
obtained over a complete year; specimen records are shown. Values of net vertical flux of total,
short-wave and long-wave radiation, downward flux of long-wave radiation, surface temperature,
heat flux into ground, flux of water vapour and rainfall are tabulated for each month. Appen-
dices describe calibration of instruments and a standard black-body cavity radiator.
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5. ROBINSON, G. D.; The energy balance of surface and atmosphere at Kew, May 1953 to
April 1954. Met. Res. Pap., London, No. 929, S.C. I1I/189, 1955.

Trial measurements from the ground of the radiation flux over the whole atmosphere were
made in preparation for the International Geophysical Year. Determination of the albedo
(photometric, visual and ultra-violet, and infra-red) under various assumptions as to absorption
etc., gave estimates of: year 0-475, summer 0-46, winter o-525. Terrestrial radiation at the
limit of the atmosphere is set at 20d-3 mW./cm.2. Terms in the energy budget are computed for
year, summer and winter. It is concluded that measurements during the International Geo-
physical Year can be made with useful accuracy, which can be improved by measurements in
the air, but in view of the year-to-year variations some stations should operate for at least 5 yr.

6. BREWER, A. w.; Ozone concentration measurements from an aircraft in north Norway.
Alet. Res. Pap., London, No. 946, S.C. I11/195, 1955.

Ascents with a thermometer, dew-point hygrometer and ozone sampler were made to 40,000 ft.
from Trondheim on June 27 and 28 and July 3 and 11, 1955. The results, shown graphically,
indicate a three-fold increase in ozone concentration above the tropopause.

7- MEADE, P. J.; Convection from a small, continuous source of heat in a calm, neutral atmos-
phere (with an appendix on the bent-over plume). Met. Res. Pap., London, No. 952, S.C. I11/196,
1955.

The theory of velocity and temperature field and the vertical variations of radius in the
ascending plume from a point source of heat are discussed. Approximate solutions of the basic
equations are set out and compared with observations. Computed values of excess potential
temperature and vertical velocity against height are compared with laboratory observations by
Railston and Schmidt, with good agreement. An appendix compares computed data with those
of Priestley and Ball for two chimneys in the Oak Ridge area.

ROYAL METEOROLOGICAL SOCIETY
Measurement of humidity at high altitudes

At the meeting of the Society held on February 15, 1956, after the transaction of formal business,
the President, Dr. R. C. Sutcliffe handed over the Chair to Dr. A. W. Brewer to take charge of
the ensuing discussion on the measurement of humidity at high altitude.

Dr. Brewer opened the discussion with a historical review of the development of, and obser-
vations obtained by, the Dobson-Brewer frost-point hygrometer first brought into use in 1943.
He described the instrument and exhibited the first and current models. He emphasized the
surprise with which he had found that the humidity of the lower stratosphere was so low, and of
how on one early flight a condensation trail being made in the troposphere was cut off as though
by a knife on crossing the tropopause. Curves of the variation of frost point with height, measured
by the hygrometer and by radio-sonde, were shown, and the importance of the rapid changes
revealed by the hygrometer but not by the radio-sonde pointed out.

He was followed by Mr. Goldsmith, formerly of the Meteorological Research Flight, who
described the pressure-increase method of increasing the frost point. The artificial increase in
frost point is necessary because at temperatures below —85°C. (—120°F.) the ice deposit on
the cold plate of the hygrometer is glassy and invisible. If the frost point can be artificially
raised above this temperature the deposit becomes crystalline and clearly visible. Compression
of the air from the 115-mb. pressure (appropriate to 50,000 ft. in height) to 1013 mb. raises
the frost point by over 20°C. The result follows at once from conservation of humidity mixing
ratio. Mr. Goldsmith explained that the method had been conceived many years ago by Prof.
Dobson, but could not be put into force until jet aircraft were employed for meteorological
purposes. The system of obtaining air compressed about sixfold from the jet-engine compressor
was explained in detail, as were the satisfactory results of checks against the ordinary method.

Mr. Murgatroyd then described the observations of the humidity of the lower stratosphere
up to 50,000 ft. made by the Meteorological Research Flight on 35 flights over southern England
during 1954. The frost point decreased with height in the lowest part of the stratosphere.
The lapse of frost point also decreased with height until about 10,000-15,000 ft. above the
tropopause to a constant value, independent of season, of about —82°C. (— 115°F.) with relative
humidity with respect to ice about 1 per cent. He thought sufficient was now known about
the humidity structure in the stratosphere up to 50,000 ft. over England to make it unnecessary
to make further flights especially to measure humidity, though observations of it would continue
to be made on flights made primarily for other purposes. The need was for higher flights which
called for special pressure suits, and especially for observations in other parts of the world to
obtain the world pattern.

Prof. Dobson discussed the reasons for the low humidities of the lower stratosphere. Such
low humidities could only be obtained by supposing the air had been cooled at some time
to the observed frost point. Such low temperatures occurred at the same height only at the
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top of t_hc equatorial tropopause and in the winter polar stratosphere. He believed the low
fros.t points over England were in air which had risen in the equatorial regions, had nearly
all its water vapour condensed out there, and then moved northward.

Dr. Houghton next described measurements of the precipitable water content of the stratos-
phere by radiation methods using the atmosphere and the sun as sources of radiation based on
absorption of infra-red radiation by water vapour. These showed a precipitable water content
of the order of 1 or 2 W.

Dr. Gates of the United States Office of Naval Research described observations made with a
balloon-borne spectrograph having a sun-seeking device to measure the absorption of solar
radiation in the infra-red by water vapour. This gave values of precipitable water agreeing
with those found by Houghton.

In the discussion which followed, Dr. Robinson inquired how many times the frost point had
been measured in cirrus cloud and how many times it had been at the saturation value. He
also asked if it was possible that at very low temperatures when the crystalline deposit disappeared
the water was exchanging molecules with the surface. Mr. B. J. Mason described the different
forms of ice obtained in the laboratory at low temperatures. Below —150°C. the ice was amor-
phous, and it was difficult to obtain a deposit at all, and asked to what extent this was a surface
effect. Dr. Brewer said the ice formed at low temperatures gave no electronic diffraction pattern.
At the temperatures where visible ice crystals were formed they were separated by crystal-free
spaces on the plate. At very low temperatures the molecules had insufficient energy to move
over the plate and aggregate into crystals. As regards observations in cirrus, it was difficult to
tell from an aircraft that it was flying in cirrus. The hoar-frost apparatus gave a frost point
when known to be in cirrus about 1°C. below saturation value. The latter points were confirmed
by Mr. Murgatroyd who gave 2°C. as the frost-point depression in cirrus.

The question of the real existence of cirrus in the stratosphere as had been occasionally des-
cribed was raised. Mr. Murgatroyd said he was not sure if it was not really dust, though he
recalled one occasion when a vigorous cumulonimbus cloud lifted the tropopause. There was
no occasion of seeing cirrus with a high humidity in the stratosphere.
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INSTITUTE OF NAVIGATION

Meteorological aspects of high-level navigation

On Friday January 20, 1956, three papers were read. Capt. Frost, a senior pilot of British
Overseas Airways Corporation, described the jet streams of the North Atlantic from the point
of view of the pilot trying to make the best use of these narrow “‘rivers” of fast-moving air. He
was concerned with the layers between 18,000 and 25,000 ft., i.e. below the level of strongest
winds, and he described in general terms where the strongest winds are to be found in relation
to a typical North Atlantic depression and its associated fronts. Capt. Frost discussed the clues
which help the pilot to locate and stay in the strongest winds. Temperature in the free air is
the most reliable indication, the pilot endeavouring to find the warm edge of the strong hori-
zontal temperature gradient which is always associated with jet streams. The position and
orientation of bands of cirrus clouds are also of great assistance on some occasions, marking the
approximate position and direction of the strongest winds. Unfortunately, only about 10 per
cent. of North Atlantic jet streams have this distinctive cirrus band. Capt. Frost showed a
number of remarkable photographs, taken from the pilot’s seat, of clouds associated with jet
streams, including one taken near the Bahamas which showed cloud which was probably along
the subtropical jet stream. In one photograph the cirrus cloud could be seen to bend round on
the horizon 600 or 700 miles away in association with a surface cold front.

Mr. Bannon, of the Meteorological Office, next described the principal regions of strong
upper winds over the world. The subtropical jet strcam between latitudes 20° and 35° in winter
is broader and more stable and therefore perhaps a more useful stream to the aerial navigator
than the better known jet streams of temperate and high latitudes; its axis, the level of strongest
winds, is about 40,000 ft., approximately 10,000 ft. higher than that of the jet streams in temper-
ate latitudes. A comparatively low-level jet stream occurs infrequently in the Arctic in winter
which has a structure similar to that of the temperate jet stream, but its axis is at about 20,000 ft.
Westerly winds are also strong in the stratosphere on the edge of the Arctic and Antarctic in
their respective midwinters, speeds exceeding 100 kt. at 50,000ft. and above on some occasions
and probably increasing with height. A strong steady easterly flow occurs from June to August
from Malaya across Ceylon and Africa to Nigeria which may also be important to navigation
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in the future. The axis of this stream is at about 47,000 ft., and though maximum speeds exceed
100 kt. on occasions they are usually about 60 kt. The strong winds are restricted to the upper
troposphere and lower stratosphere.

Mr. Kirk (Meteorological Office) discussed some of the problems experienced by forecasters
at London Airport in forecasting for high-altitude flight. The number of observations of temper-
ature and wind in the upper air by sounding balloons are fewer at greater heights, and inaccu-
racies in the observations and in the forecasting techniques increase with height. The time taken
to analyse the higher observations is also an adverse factor; observations for 30,000 ft. and above
are received later than those for lower levels, and their analysis depends to some extent on the
amalysis of the data for lower levels. For example, the chart for 200 mb. (approximately 40,000ft.)
for the North Atlantic is not completed at London Airport until nine hours after the relevant
observations have been made. Forecasters at London Airport have gained experience on routine
forecasting for Viscount aircraft operating at 20,000~25,000 ft. over European and Mediterranean
routes, for Comet I aircraft operating at 35,000—-40,000 ft. on the route London to Rome, and
for “paper” operation of Comet IIT aircraft over the North Atlantic at similar levels. Mr. Kirk
showed a diagram comparing the forecast equivalent headwinds on the London-to-Gander route
with those which occurred; the forecasts were for 12—24 hr. at the level of 200 mb. and, although
the agreement was on the whole quite good, on one occasion the error was as much as 40 kt.
He stressed that when the track of the aircraft can be varied at will in accordance with meteoro-
logical advice at briefing, the effect of uncertainty in the meteorological situation can be reduced.
Mr. Kirk pointed out that though, as explained by Capt. Frost, the temperature method of
finding and staying in strong winds worked well below the level of strongest winds, the tempera-
ture field above the axis of the jet stream becomes more complicated, and the interpretation of
aircraft observations more difficult. He explained that carefree riding of meandering jet streams
may often take the aircraft so far off track that time may be lost; there is no substitute for careful
flight planning. He also described other high-altitude weather features of interest to the navi-
gator, namely ‘“‘cut off ” lows and highs and “shear lines”.

In the discussion following these papers a number of interesting points were made. The
routes for probably go per cent. of transatlantic flights westwards, direct crossing, are planned
to take into account forecast weather and wind. So many aircraft are now flying over the
Atlantic, however, that it may be necessary to restrict flights to certain lanes. Pilots would like
to have more specific forecasts of the position of jet streams. One speaker praised the forecasts
of jet streams given by the Canadian Meteorological Service at Montreal. Upper cloud is
absent from the subtropical jet stream near Japan in winter and spring.

ROYAL ASTRONOMICAL SOCIETY

Large-scale water circulation over the earth

A geophysical discussion on the above subject was held at the Royal Astronomical Society on
December 16, 1955, with Dr. G. E. R. Deacon, F.R.S. in the Chair.

The first speaker, Mrs. Mary Morgan, dealt with the hydrological equation, precipitation
equals evaporation plus run-off plus storage, for land areas. Evaporation and run-off depend
critically on local conditions; deforestation increases run-off by 6o per cent., most of which is
compensated by a decrease in evaporation. As regards storage of the water of the earth, g7 per
cent. was in the sea, 1 per cent. in snow and glaciers and 2 per cent. in the soil; the contribution
of water in the atmosphere was very small in comparison.

Dr. Munk spoke on the annual water budget of the oceans and the annual water interchange
between sea and land. Tide-gauge records, which gave coherent results over thousands of kilo-
metres, revealed annual changes in sea level mostly of 1 or 2 dm., but reaching 1 m. in the Bay
of Bengal. The latitudinal variation of level is large poleward of the belts of westerly winds,
small in the westerlies, increases again in the subtropical anticyclone belt, and falls to a few
centimetres along the equator. Changes in sea level can be due to changes in total mass of water
or to changes in temperature of the upper layers of the sea; the former predominates in the
polar regions and the second in the equatorial belt. The variations in the southern hemisphere
are less than in the northern one.

The total mass of water in the seas varied during the year by 3 gm./cm.? of the surface. The mass
of snow in the northern winter accounted at the right time of year for about one third of this fluctu-
ation. Dr. Privett spoke about the transfer of water fr