M.0. 2324 : ST s

FOR OFFICIAL TUSE. e )

-

.fl";é o - Cy
METEOROLOGICAL OFFICE, LONDON= e
- N0 st

PROFESSIONAL NOTES NO. 4.

A4

UPPER AIR TEMPERATURES

AT

MARTLESHAM HEATH,
FEBRUARY, 1917, TO JANUARY, 1918,

BY .

LIEUTENANT W. F. STACEY, King’s Own Royal
Lancaster Regiment.

Publisivd by e Buthogity o} e HMeifgorslogical Commitize,

LONDON:

To be purchased from
THE METEOROLOGICAL OFFICE, Exhibition Road, London, 8.W.7.

1919.
Price 15.0d. Net.



32

UPPER AIR TEMPERATURES AT MARTLESHAM
HEATH.

FeBrUARY, 1917, TO JANUARY, 1918,

The data upon which this discussion is based were supplied to
the Meteorological Office by the Controller of the Technical
Department of the Air Ministry. Martlesham Heath is 6 miles
E. by N. of Ipswich and stands approximately 30 metres above
mean sea level with uninterrupted exposure on all sides. The
data tables give the date and time of ascent, the reading of the
aneroid barometer on the ground, heights in feet and tempera-
tures in degrees Fahrenheit. The temperatures were plotied on
forms similar to those in daily use in the Forecast Division of
the Meteorological Office,and curves were drawn.

Table I shows how the ascents were distributed throughout the
period under discussion. The period for which means have
been computed is from March, 1917, to January, 1918, t.e., 337
days. The total at the foot of the last column shows that ascents
were made on 191 days so that there were data available for
rather more than half (57 per cent.) of the number of days.
With the exception of March, April and November the number
of days on which there were ascents during each month is suffi-
ciently large to afford fairly satisfactory monthly means. By a
comparison of the last two columns of the table it is seen that
with the exception of March and November there were about
two ascents per day. Unfortunately for the purposes of this
discussion ascents were not mude at fixed hours of the day.
(‘olumns 2-19 give the number of ascents per month between
certain hours (G.M.T.), and an examination of those columns
demonstrates the unequal distributions of the {imes of observa-
tion. In calculating the numbers of ascents at the various hours,
one which took place at the higher of any pair of conse-
cutive hours is entered to the next pair ubove. Thus an ascent
at 9h. is entered in the column 9h.—10h., and not in that headed
83h.~9h. The hourly totals for the period show that about one-
quarter of the ascents were made between 9h. and 11h. and one-
quarter between 17h. and 19h. In the computation of monthly
mweans (Table II) all the ascents were used. The charts on
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which the curves were drawn were ruled off in half kilometre
height steps and temperatures ‘“ a ”’ (273a. = 0°C.) to the nearest
} degree were read off from a scale. Table IT gives the monthly
mean temperatures for every half kilometre up to 6k. together
with the number of observations at each height which were used
in computing these means. Reference to Table I shows that
most of the ascents took place between 6h. and 20h. so that there
are no observations for what are normally the coldest hours of
the day. It follows therefore that the monthly means calculated
for Martlesham Heath should be too high, and this is shown to
be the case, at any rate at the surface, if the means given in
Table IT are compared with those for Yarmouth, Felixstowe and
Clacton (see Table IV). It was not thought advisable to attempt
to ‘“ correct ’’ the temperatures for Martlesham Heath for several
reasons, the chief of which are: —

(1) No information is to hand of the type and exposure of
the instrument used to measure temperatures.

(2) The elimination of the errors due to the method of
reading off temperatures ‘“a’’ for every half kilo-
metre from curves giving temperatures F and heights
in feet would require long calculation, which, it is
felt, would not produce results of sufficient importance
to compensate for the time and labour involved. As-
suming, therefore, that the values are too high for all
heights given, the means in Table IT are «till of value
if it can be shown that their departures from standard
normals are consistent. In order to determine this,
the results have been compared with the adjusted
means for South-East England computed by Mr.
W. H. Dines, F.R.8. (cf. Computer’s Handbook,
Section II, p. 55). The Martlesham Heath depar-
tures from Mr. Dines’ means are tabulated in Table
III and consistency of departure is particularly
evident from May to November. Even the months of
March, April, December and January are by no means
inconsistent, -

The means given in Table II are used in Fig. I to show the
fluctuations in temperature from month to month at given
heights. As the figure is not constructed on conventional lines
it requires detailed explanation. The months, beginning with
March, 1917, are shown at equal intervals reading from left to
right; temperatures from 295a to 250a from the bottom to the
top of the figure. The means for each half kilometre for each
month were plotted and the curves drawn, the dotted lines being
the half, and the full lines the whole kilometre curves. The
figure is unconventional because a curve sloping downwards
indicates an increase of temperature, while one sloping upwards
a decrease. The value of the figure lies in the fact that it shows
the temperature curves in their correct order of height and that
the differences from month to month at various heights can he
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Upper Air Lemperatures at Martlesham Heath. 37

compared with ease. Thus the surfuce curve is at the bottom of
the figure, and, if necessary, can be vompuared easily with the 5k.
curve which is at the top of the figure. Conformity of tem-
peratures with height is shown by the parallelism, and non-
conformity by the convergence or divergence of the curves.

The most striking feature of the figure is that whereas August
is the month of maximum temperature at the surface and 0'5k.,
it ceases to be so at 1'0k., and from 1'5k. to 50k. it is a secondary
minimum. From 15k. to 50k. August is on the average 1'7a
cooler thun July and 2'2a cooler than September. On an
examination of the August ascents it was found that the low
values from 1'5k. upwards were due to the low temperatures in
the last week of the month, i.e., on the 25th, 27th, 30th and 31st.
It was during that week that one of the deepest depressions which
has visited these islands for many years crossed the country.
The very deep depression of August 27th-30th was centred south
of Rocles Point and opposite the mouth of the Bristol Channel
at 18h. on the 27th. DBy Th. the next morning the centre was
midway between Flamborough Head and Morecambe Bay, and at
18h. 1t was situated on the Greenwich meridian and opposite the
mouth of the Firth of Tay. On the 29th at Th. the centre had
moved N. by K. to a point opposite Buchanness, and by the next
morning was approximately midway between Skudesnaes and
Faerder in South Norway. At all times, therefore, Martlesham
Heath was to the right of the path of the depression. Until
about mid-day on August 27th Martlesham Heath was in the
right front (E. quadrant) of the depression and then in the right
rear (8. quadrant). It has been shown by Hann, Grenander,
Dines, Gold and others that the temperatures over a cyclonic
region are lower than those over an anticyclone. Not only is
this shown to be the case in the present instance, but it is also
clear that the passage of a deep depression may so affect tem-
peratures above a short height from the ground as to turn what
should be a maximum for a given period into a secondary
minimum. It follows, therefore, that in dealing with
upper air mean temperatures for any given period, the
frequency of passing depressions during that period must
be taken into account. This noteworthy depression of
the 27th to 30th was preceded on the 26th and 27th
by a shallower cyclone which had an eastward V, and
which dispersed in the North Sea. On the 30th and 3lst
another ‘“low ”’ crossed South Ireland and Central England
while on the 1st September yet another depression passed across
Central Ireland and Southern Scotland. Reference to the Sep-
tember ascents shows that the low temperatures of the last week
of August were continued to 2nd September. From a study of
the individual ascents it is seen that the depressions which have
a marked effect on the temperatures at Martlesham Heath are
those whose centres pass near that observing station. That this
should be so follows at once from the fact already preyiously
established of the existence of low temperatures over regions of
low pressure. The lowest temperatures recorded at Martlesham
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Heath occurred, on the whole, on the morning of August 27th,
i.e., when the depression was nearest from the point of view of
days of observation. Unfortunately, there are no observations
for August 28th. Had there been 1t is probable that the
lowest temperatures of the week would have been recorded on that
day. The point of the nearness of the centres of depressions and
the consequent low temperatures has been laboured because it
suggests a line of investigation which may yield results of prac-
tical value in forecasting. The ~uggestion is that more regular
and better distributed observations of temperatures up to 5k.
in any region might assist in detexmining the path that the
centre of a depression will follow

Another marked feature of Xig. I is the abrupt change at all
heights from the cold of April to the warmth of May and from
the warmth of September to the cold of October. In the former
nionths, however, the change is most abrupt from the surface to
1'5k., and this is shown by the slight divergence from April to
May of the four lowest curves. From September to October the
most abrupt changes are found between Ok. and 4k., for the
curves diverge slightly between those heights. In this instance
therefore the changes from a cold to a warmy month are most
marked at a less height above the ground than the changes from
a warm to a cold month.

Fig. I also shows a secondary maximum occurring in November
from 1'56k. to 50k. It is curious that 1'5k. should again be the
critical height. It seems, therefore, that diurnal changes of
temperature cease to be really effective ubove 1°5k., for above that
height the gain of heat by absorption of radiaut energy and by
convection 1s small, as is also the loss of heat by radiation.
Above 1'5k. there is a more intimate connection between
pressure and temperature than below that level. The sur-
face pressures for November were above the normal for the
whole country. At Yurmouth and Clacton the mean pressures
at mean sea level were 4 2mb. and 5'56mb. respectively In excess
of the mean for the month. During October Yarmouth shows a
deficit of & 7mb. and Clacton 5Umb. from the mean pressure
of the month. October was, in fact, very similar to August in
one respect; during both months there were unusually large
numbers of depressions whose centres crossed the British Isles.
During November, on the other hand, there was only one de-
pression whose centre can be said to have crossed the British Isles.
Here again, then, is another cuse in which low pressures are
associated with low temperatures and conversely.

Another significant feature of Fig. I is that the curves from
1'5k. upwards show December to be but very little colder than
October. Above 1'0k. the mean difference of temperature le-
tween the two months is 2'1a, below that level 5'1a. The mean
pressure for December was well above normal (Yarmouth 8 lmb.
(lacton 7'8mb.). The increase of pressure in December there:
fore was nearly sufficient to compensate, at heights greater than
1'56k., for a seasonal difference of temperature.
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TABLE V.—Lapse Rate in Centigrade Degrees for every Kilometre from
Ok.—5k. and Mean Lapse Rate per Kilometre from 0—bk.

. & e = :
Heights | 8 | =3 B 2| 5|22 %
A I - I - - - N - NI - IR -
S4B | = |52 28|83
||z |/ "
5—4 — 1511637457 |67|62[37]|65]45]52
4—3 4046 |53|48|47]|46]|55!55({49|48|43
3—2 444047 |58|50(49]41]|57|45]|44]5°1
2—1 56 |54{54|57|51!166|64|60!42]47]|51
1—0 5172475957 71(57]|61]|47]|44]42
o

Mean

0—5 4-8*% 5353159 [53|60|56(54|50j4'6]|4'8

* Mean 0—4 k.

In Table V are given the mean monthly lapse rates for every
kilometre from Ok.-Hk., together with the mean of 0-bk. Gold
(Geophysical Memotirs, No. 5, p. 39) has calculated the monthly
values of gradients of temperatures for England. The
Martlesham Heath results do not agree at all closely with Gold’s
results at each kilometre interval, but there is a fairly close
agreement between the means of 0-5k. The departures of the
Martlesham Heath 0-5k. gradients from Gold’s are as follows:—

March. April. May. June. July. August. Sept. Oct. Nov. Dec. Jan.
—08 ~1'4 —0'1 +0'4 —0-4 +0-8 +0-3 406 —0'4 =15 0°0

In April and December therefore the Martlesham Heath
pradients are considerably smaller than the means for England,
during March appreciably smaller, during August appreciably
greater, but for the rest of the period very little either smaller or
oreater.

The changes in lapse rate from month to month are shown in
diagrammatic form in Fig. II. The greatest variations in lapse
rate occur from Ak.—4k. which in most months is considerably
above the mean of 0-5k. At other heights the gradients agree
fairly closely from May to July and from October to January.
During August and September there is a striking decrease in the
gradient between 2k. and 3k. as compared with that between 2k.
and 1k.
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The monthly extremes and absolute ranges are given in
Table VI. From lk. upwards the greatest ranges are in January
(January and November have equal absolute ranges at 4'5k.).
At Ok. and -5k, the greatest ranges occur in May. Minimum
ranges are confined almost entirely to August. The minimum
at 2'5k. occurs in July and at 0'5k. in September. During July
and August the ranges at 2 0k. are equal and at 1'0k. the months
of August and September have equal ranges. In the period
under review, therefore, the greatest extremes are found in winter
and the least in late summer. During March the maximum
range 1s tound at the greatest height (45k.) and decreases slowly
downwards to 2'0k. Then follows a rapid decrease to a minimum
at 0°5k. In the lowest layer of all there is an increase of range.
From 45k, to 0:5k. therefore there is a decrease of 37 per cent. in
temperature range, the mean range is 15°8a. In April the
maximum range 1ix found at 10k. and 36k., and the

minimum at 1'0k. and 15k. From the maximum to
the minimum there is again a rapid decrease (46 per
cent.) and the mean range is 142a. May shows a

maximum at the surfuce with a local maximum at 2:'0k.; the
minimum occurs at the greatest height (3 0k.). The May decrease
is 65 per cent., the mean range being 11'5a. 3-0k. and 35k, give
the greatest ranges for June but the minimum is agaiu at 50k,
The decrease for this month is 43 per cent. and the mean range
11'8a. The conditions for July are very similar to those for May,
for the greatest range is at the ground level and the least at the
greatest height (5'0k. ) 48 per cent. decrease occurs in July and
the mean range is 10-7a.  August, the month of least ranges for
the period, has two maxima at 4'5k. and 2'5k. : the minimum is at
50k. The mean range is 9'0a and the decrease 55 per cent. The
ranges in September are very uniform. The greatest occurs at
4:0k., the least at 0-5k. The decrease is only 33 per cent. The
mean range is 10-7a. October is also a month of uniform ranges,
the greatest and least being found at 35k, and 1'0k. A decrease
of 27 per cent. is very small compared with the other months but
the mean range is high (16'3a). November 1s very similar to
March, for the maximum i found «at the greatest heights (5 0k.-
15k.) and the minimum near the ground (0rbk.). The decrease is
calculated at 41 per cent. and.the mean range at 16'2a. Decem-
ber resembles April.  Tts greatest range is at 4'0k., its least at
ilie surface. A decreuse of 49 per cent. and a mean range of
14-1a are obtained for December., The month of maximum
ranges (January) has its greatest value at 2:5k. and its least at
15k, The percentage decrease 1s 40; the mean range is 20:1.

It has already been pointed out that August and January were
the months of minimum and maximum ranges and in this con-
nection it is interesting to uote that August was a cyclonic month
while January presented a strong contrast between the anti-
cyclonic conditions of the first half and the cyclonic conditions
of the second half of the month. Map 2, p.87, Monthly
Weather Report, August, 1917, shows the paths of 12 depres-
sions, 10 of which crossed the British Isles. There was hardly
a day during the whole mouth when the conditions were not
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definitely cyclonic. In striking contrast is the map of Move-
ments of Depressions for January, 1918 (p. 3 Monthly Weather
Report, January, 1918). Only two tracks are shown as crossing
any part of our islands and except for a depression which
developed in the northern North Sea on the evening of the 6th
all the depressions for January were confined to the second half
of the month,

Minimum ranges are found at the greatest heights (¢.e., 50k.)
during the summer months (May-August). For the rest of the
period the least ranges are found below 2:0k. and in many cases
between 1°0k. and 0'0k. As a general rule the maximum ranges
for the period are found between 4:0k. and &0k. but in May and
July they occur at the ground level. The mean monthly range
varies from 90a in August to 20-la in January, and the per-
centage monthly decrease of temperature range fluctuates from
27 per cent. in October to 65 per cent. in May.

Figure III shows the individual monthly curves together with
vormal curves for the four seasons calculated from Mr. Dines’
normals for S.E. England. The seasonal curves are shown in
red. The dotted monthly curves are for the spring and autumn
months, the full lines for winter and summer. With the excep-
tions of October and November the monthly curves are con-
spicuously grouped into two sets. March, April, December and
January form one set which approximate very closely to the winter
curve up to 3'5k. and then follow the spring curve. May, June,
July, August and September form the other set. They follow
the summer curve fairly closely but are all on the whole appreci-
ably warmer, This is especially the case in July and September.
September from 26k. upwards was the warmest month of the
period. The curves for October and November might reasonably
be expected to follow the autumn curve but this is not shown to
be the case. From the figure October (curve VIII) is shown to
be a typical spring month up to 45k. It only approximates
to the autumn curve above that height. November (curve X) is
typically spring up to 3k. and then typically autumn.

The various mean monthly heights above which temperatures
are below the freezing point of water (273a) is shown by the inter-
sections of the monthly curves and the vertical red line. The
freezing point is met with nearest the ground in December when
it is approximately at a height of 0-756k. The greatest height at
which 273a 1s met with occurs in September when it is 3:6k. above
the ground. The mean monthly heights above which tempera-
tures are below 273a is shown diagrammatically in Figure IV.
This figure shows more clearly the fluctuations in the height at
which 273a is met than does Figure III, and it also serves as a
useful summary for the whole period. The broken lines in the
figure show the normal heights for S.E. England for 273a for the
four seasons. One of the most striking features in Figure IV
is the long period of unusual warmth from May to October. With
regard to surface temperatures reference to the District Values
(England S.E.) in the Monthly Weather Reports for those months
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shows .that May and June were distinctly above normal, July
was slightly above, August slightly below and September appre-
ciably above normal. If the black and the red lines in Figure IV
be compared it is seen that only in August were conditions normal
during the period May to September. All the other months are
distinctly above normal in spite of the fact that at the surface
May, June and possibly September: are the only months that
can be regarded as being above normal.  Another noticeable
feature of the diagram 1is the absence of spring and autumn
conditions. From April to May there is a sudden change from
winter to summer; October and November are distinetly cold
for autumn but the transition from summer to winter is not
nearly as sudden as that from winter to summer. With regard,
therefore, to the temperatures at Martlesham Heath (0k.-5k.)
from March, 1917, to January, 1918, the following conclusions
can be drawn :-—

(1) If conditions for warmth or cold become established they
tend to continue in spite of fluctuations which are
more apparent on the ground than in the free air.

(2) The transition from warmth to cold and vice-versa is
sudden,

The data have been carefully examined in order to trace if
possible the course of diurnal changes of temperature with height.
The results have been disappointing. The great drawback is the
fact that ascents were not made at fixed hours. On many of the
days in the period only one ascent was made and thus these
results are of little use in determining diurnal changes. The
ascents for June 27th are not an uncommon example of the time
distribution on a day when more than one ascent was made. On
that day three ascents were made at the following times:—
17h. 20m., 17h. 45m., and 18h. 30m. G.M.T. On more than one
occasion two flights were made at the same time but the results
are not alwavs in close agreement, and this is seen in the two
ascents for December 31st at 10h. 30m. The results in degrees
absolute for successive half kilometres of height are as follows: —

50 45 40 35 30 25 20 15 10 05 00k

258 2615 264 2675 2706 273 2745 273 2745 276 277a

- 256 2595 262 266 269 2715 272 272 274 2765a

To attempt to calculate means for fixed hours was imprac-
ticable and therefore two other methods were utilised.
In the first case, the following hours were grouped
together: 7, 8, 9, 10: 12, 13, 14, 15; 17, 18, 19,
20, in order to obtain means for morning, midday and even-
ing. The results are far from satisfactory, for the number of
cases in each group varies considerably from month to month;
the mean values, therefore, must often be regarded as incorrect.
The results for May, for instance, show the midday temperatures
from the ground to 50k. to be lower by 2 to 3 degrees than the
morning temperatures. For isolated instances this might con-
ceivably be true, but for mean values such a result must be
regarded ax erroneous. On the rejection of this method indi-
vidual results for days of two or more ascents were carefully
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examined. As was expected, these results are by no means clear
but they contain several suggestive features.

In dealing with the individual ascents pairs of curves were
examined to ascertain the changes from morning to midday. A
worning ascent was taken as one not occurring later than 10h. and
a mid-day ascent as one between 12h. and 15h. Only 27 such
pairs of curves were found for the whole period and they fall
wto five classes : —

(a) Midday, warmer throughout the ascent.

(b) Midday, colder throughout the ascent.

(¢) Midday, at first warmer, coinciding with the morning
curve at one particular height or for a short distance,
and then again warmer,

(d) Midday, at first warmer, intersecting morning curve,
and becoming colder.

(e) Midday, at first warmer and then coinciding with
morning curve.

Of the 27 cases examined, 6 fell in class (¢), 1 in (b), 3 in (¢),
7 in (d) and 10 in (¢). The monthly results are given below.

TABLE VII.
— Mar. | Apl. | May.|June.| July.| Aug.|Sept.| Oct. | Nov.| Dec. | Jan.
CLASS ¢ ...} 2 1 1 - - 1 - - 1 - -
" b .| - - - - - - -~ - - - 1
" [ I 1 - —. - - 1 - - - 1
T 2 - 1 - 1 - 2 1 - 1 1
w el U | -1 vl -0ttt -]1] 3

As a general rule, even when the mid-day curves show warmer
conditions throughout the ascent they have a steeper gradient
from the ground than have the morning curves. In many cases
the rapid convergence of the mid-day curve due to its steeper
gradient reduces the temperature difference between mid-day and
morning to la or less at a height seldom exceeding 2k. and often
less than 1k. After this the mid-day curve generally diverges
slightly from the morning curve, at any rate for a short distance.
Thus, 1n most cases when the mid-day curve shows warmer con-
ditions throughout, its gradient is steeper for a short distance
above the ground and then less steep than the morning curve
gradient. It seems reasonable to conclude, therefore, that
radiation ceases to be effective at quite a short distance above
the ground, but there is a layer of the atmosphere immediately
above that, in which terrestrial radiation is effective and which
forms a minor radiating surface. This is due in all probability
to water vapour, which is either in the form of mist or low elond,
or in which the particles are considerably larger than is usual
in the air in contact with the earth. The differences in tempera-
ture at each half kilometre between mid-day and morning for
each of the six cases in class @ are given in Table VIIT. A«
the mid-day curves show warmer conditions throughout, the
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differences are all of the same sign. It is interesting to note
that in two instances, viz., March 18th and August 16th, the
greatest differences occur in the top half of the 5k, whereas in
all the other cases the greatest differences are in the lower half.
The parallelism of the curves for a greater or smaller part of
their course is clearly seen in Table VIII. On May Ist and
November 11th Martlesham Heath was in a wedge of high
pressure, and on the other dates it was on the border of high
and low pressure systems. Although the evidence is far too
scanty for the formulation of any general conclusion with regard
to this particular type of diurnal change, yet the suggestion
that a diurnal change of temperature will be evident at least
up to 5 0k, during periods of transition from high to low pressure,
or vice-versd, is useful as a working hypothesis. Class & (mid-
day colder than morning) is represented by one case only in the
27 examined. It would indeed be surprising if there were many
cases of this sort, but that they can, and do, occur is worthy of
note. Class ¢, which is represented by three cases, is really a
modification of elass a. The three cases occur when Martlesham
Heath is on the border of a low pressure system.

Class d seems a fairly common type, accounting for seven of
the cases. It is associated with various pressure distributions,
but 13 most marked when the centre of a fairly deep depression
is either over Norway or the Bay of Biscay.

The commonest type of all is class e, claiming 10 of the 27
cases. In this class the steep mid-day gradient soon causes the
two curves to coincide. Above this point of coincidence the
curves frequently cross one another, deviating but slightly in
the intervals. The mean height at which the two curves first
cross is 1'1k. Thé actual heights vary considerably and by no
means regularly. The minimum height is 0'3k. and the maxi-
mum 27k. A height of 0:6k. occurred on three occasions, and
of 1'4k. on two occasions. In all probability this is the normal
type of change from morning to mid-day. It occurs in most
types of pressure distribution, and suggests that the usual
increase of temperature experienced on the ground at mid-day
disappears rapidly in the free air.

The data were further examined to ascertain, if possible, the
changes of temperature between ‘‘ mid-day '’ and ‘‘evening.”
There were only 11 days with suitable pairs of ascents, and they
were distributed a< follows:—May Ist, June 26th, July 2nd and
23rd, August 9th, 10th, 13th. 16th, 25th and 31st, and September
2nd. For the mid-day temperatures any ascent taking place
between 11h. and 14h. was taken ; the evening ascents not earlier
than 17h. 30m. Six of the 11 cases show that the evening was
at first colder than mid-day up to an average height of 0-5k.
Above this height the evening curves show warmer conditions
up to an average height of 1'4k., and then the mid-day and
evening curves coincide fairly closely. The changes. therefore,
are confined to the bottom 1-5k. of the atmosphere, which bears
out the suggestion brought forward in that part of the paper
dealing with the monthly mean values. The remainder of the
11 cases consists of pairs of curves showing one of the following
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conditions:—(a) FEvening warmer throughout, (b) evening
colder throughout, (c) mid-day and evening practically coin-
ciding throughout. With regard to diurnal changes generally,
the following conclusions can be made:—

1. As a general rule, a diurnal change of temperature
ceases to exist-at an everage height of 1-5k.

2. Cases do occur when the diurnal change is apparent up
to 50k., and probably higher.

3. As a general rule, morning, mid-day and evening curves
approximately coincide above 1'5k.

4. Cases do occur when there is a reversal of the diurnal
change, 7.e., from the ground, but more often from
an average height of 1'5k., mid-day is colder than
morning and evening warmer than mid-day.

The data were finally examined from the point of view of
inversions of temperature gradient. Inversion of temperature
is defined in the Meteorological Glossary (Fourth Issue, p. 164)
as an increase of temperature with height. In the following
remarks this definition has been widened, and is taken as any
temperature gradient that does not show a decrease of tempera-
ture with height. This not only includes inereases of temperature
with height, but also those numerous cases of layers of air of
varying thicknesses and of varying heights which are isothermal.
The wider definition is justified if, as it should be, an inversion
of temperature is regarded as an abnormality in the troposphere.

TABLE IX.—Number of Inversions per Month at various Heights.

Heizht of Base L\Iur.‘ Apl Maleune JulyAug.|Sep.| Oct. Nov. Dec.:Jan,? Total
e S NS AU U AN USRI NS SRR NUSNY MU N
A Ground | 1 ) 0 7 3 ( 1 3 1 2 1 H g
B ootk |0 ol 7|0l 3]0 2l 1] 1l
C 1-2 20 2| 4] 0| 8] 0 tto0o, 2|7 w 22
D 2-3 o ol 4l k| 2l2l10] 20 6] 2 \ v 53
E 3-4 4 i T2 2] 40 6] 81 1 0 | M
F 15 1t o] 4ol oj o] 1]l o o2 5 13
G |Above5t 0| 0] 0] 1] 0| O 0 0 w0 1 2
Totals | 10 | 7|28 712 : 1923 | 11114 26 1wl

In Table IX inversions have been classified according to the
heights of their bases, 7.e., the height above the ground at which
the temperature curves begin to show either an incrense or no
change of temperature with height. It will be <een that the
greatest number of inversions commenced above 2k. and below 3k.
((lass D), and 32 of the 53 cases occurred in August, September
and December. Of the 161 observaiions, 104 fall into closses ()
D, and E, and these inversions must be attributed to the lower
cloud layer. The small number of inversions included in
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conditions : —(a). Evening warmer throughout, (b) evening
colder throughout, (¢c) mid-day and evening practically coin-
ciding throughout. With regard to diurnal changes generally,
the following conclusions can be made : —

1. As a general rule, a diurnal change of temperature
ceases to exist'at an everage height of 15k,

2. Cases do occur when the diurnal change is apparent up
to 50k., and probably higher.

3. As a general rule, morning, mid-day and evening curves
approximately coincide above 15k,

4. Cases do occur when there is a reversal of the diurnal
change, i.e., from the ground, but more often from
an average height of 1'5k., mid-day is colder than
morning and evening warmer than mid-day.

The data were finally examined from the point of view of
inversions of temperature gradient. Inversion of temperature
is defined in the Meteorological Glossary (Fourth Issue, p. 164)
as an increase of temperature with height. In the following
remarks this definition has been widened, and is taken as any
temperature gradient that does not show a decrease of tempera-
ture with height. This not only includes increases of temperature
with height, but also those numerous cases of layers of air of
varying thicknesses and of varying heights which are isothermal.
The wider definition is justified if, as it should be, an inversion
of temperature is regarded as an abnormality in the troposphere.

TABLE IX.—Number of Inversions per Month at various Heights.

Heizht of Base Mur.' Apl Maleune JulyjAug.|Sep.| Oct. Nov. Dec.!Jan.% Total

B iy —_— | —_— | —_— e e e —

A |Ground| 1 ' 3 3 S N ey 9 1 911 I 5 | ’ B) x| 24
B | om | o 2|7/0|lalolalelily ; 1’ 17
c | 12 |22l 4flo|3|lo]safolz 7,! 2 2
D | 23 | 2| 24| 8| 22zl 612 ! 10| 53
E | 34 el 1] 2t el el el alalolalol
Folas | 1ol afolofalilol of2 5/ 1s
G of 1| of ofof o 0f 0 1/ 2

Above b Oi 0

|

'Totnls 0] 7{28| 7]{12]19]2 401114 2 161
|

In Table IX inversions have been classified according to the
heights of their bases, 7.e., the height above the ground at which
the temperature curves begin to show either an increase or no
change of temperature with height. It will be seen that the
greatest number of inversions commenced above 2k. and below 3k.
(Class D), and 32 of the 53 cases occurred in August, Septembes
and December. Of the 161 observations, 104 fall into classes C,
D, and E, and these inversions must be attributed to the lower
“cloud layer. The small number of inversions included in
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classes F and G (those caused by the middle cloud layer) is no
doubt due to the few ascents which reached’ above 4k,

TABLE X.—Mean Heights of Bases and Tops of Inversions together
with Mean Depths, Extremes, and Extreme Depthe.

Class Mean | Mean Least | Greatest) Least Greatest Greatest

: : Mean |7 . . A
(see Table |Height' Height Height| Heigltt | Height | Height
IX) - {of Baselof Top Depth ¢ Rase| of Base | of Top | of Top Depth

k. | k k | k. k. k. k. k.

A |00 |06 [06 [00 | 00 | 03 | 13 10
B 0-51 | 1-16 | 0-65 | 0-2 | 0-85 | 0-65 | 1:95 | 125
c (52208 056|1:0 | 195 | 1-3 | 28 | 095
D |25 |29 |04 |20 | 29 | 28 | 41 1-35
E |33 |37 |04 |30 | 39 | 33 | 425 | 0865
F 43 {46 |03 |40 | 47 | 43 | 50 035
¢ |52 |55 |03 [50 | 54 | 53 | 57 03

It will be seen from the above Table that the mean depth of
the inversion layer is greatest between the ground and 2k., and
that the depth of inversion decreases with height. As a general
rule, it is approximately 0-5k., but, as the last column shows, it

_may be as great as 1-35k. In deallng with temperatures in an
inversion layer, it seems convenient to introduce the term
‘“ intensity of inversion.”” By this term is meani the difference
hetween the highest and lowest recorded temperatures in an
inversion layer. This intensity was generally small (1° to 3° F.),
but when the inversion occurred at or near the ground it was not
infrequently as great as 5° to 7° F. In no case was the intensity
greater than 3° F. in any inversion the height 6f whose base was
greater than 3'0k., and only in a few cases where the hemht of
the base was greater than 2'0k.

The estimation of the pers1stence of an inversion was ren-
dered difficult owing to the irregularity of the hours and days
of observation. In most cases an inversion persists for a
comparatively short time, especially in the lowest layers of the
troposphere. The normal sequence of events seems to be that
one which appears in a morning set of observatlons has dis-
appeared by the afternoon. It may reappear in the evenmg
Most of the inversions occur in the morning or evening, but
there are a few cases of Inversions which make their first
appearance in the middle of the day. It is not uncommon for
an inversion layer to travel upwards. The observations for
December 22nd show this clearly. At 14h. 30m. there was an
inversion layer extending from 1'9k. to 2'6k., by 14h. 40m. the
dimensions had become 1-9k. to 2-85k. showmg an expansion of
the top of the layer. Twenty minutes later (15h.) the base was at
2-2k. and the top at 2'8k., showing a rise of the base and a slight
depression of the top.





