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AN INVESTIGATION INTO THE
VARIATION OF THE LAPSE RATE
OF TEMPERATURE IN THE ATMOS-
PHERE NEAR THE GROUND AT

ISMAILIA, EGYPT

PART I—INTRODUCTION AND SCOPE OF WORK

§ 1—INTRODUCTION

The lapse rate of temperature in the free atmosphere generally varies between
fairly narrow limits but it i1s well known that near the ground large lapse rates, both
positive and negative, are of frequent occurrence. Over the desert areas of Egypt
the dry clear air permits of intense insolation by day and a correspondingly large loss
of heat by radiation at night and the diurnal variation of temperature is considerably
greater than that experienced in the British Isles.

A systematic study of the magnitude and variation of the lapse rate in the
atmosphere near the ground on Salisbury Plain has been made by Johnson (1),*
who obtained continuous records of the difference in temperature over the intervals
of height 1-2m. to 7-lm. and 1-2m. to 17-lm. The variation of temperature at
four different heights on the Eiffel Tower, based on a series of hourly observations,
has been discussed by Angot (2), Chapman (3) and others. The results of such
research are of great importance in connexion with the question of atmospheric
stability and are of practical use when applied to the navigation of an airship. Not
only from its bearing on aerial navigation is the problem of importance but it is
worthy of an experimental investigation for the purpose of checking and supporting
theory. .

Ismailia, on the shores of Lake Timsah, was to serve as an intermediate landing
ground on the airship route to India and arrangements were accordingly made for
recording the difference of temperature between the ground and the top of the
mooring mast, the height of which was 61 metres. The apparatus erected for the
determination of the difference in air temperature between different levels up to
61-0m. has been used for the purpose of the present investigation.

§ 2—SCOPE OF THE PRESENT WORK

A description is given of the installation which was erected for the purpose of
supplying information relating to the variation of the lapse rate in the lowest
61 metres of the atmosphere at Ismailia, together with an account of the analysis
of the autographic records obtained from the apparatus during the period October,
1931 to October, 1932 inclusive. The information available includes continuous
records of the air temperature at a height of 1:1lm. and also of the difference in
temperature over the intervals of height 1-1m. to 16-2m., 16-2m. to 46-4m. and
46-4m. to 61-Om.

* The numbers in brackets refer to the bibliography on p. 87.
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The results discussed below include the diurnal and annual variation of the
lapse rates together with their variation under specified conditions of sky. The
diurnal and annual variation of temperature at each of the four heights is also
considered, while an estimate is made of the diurnal variation at the surface. The
relation between vertical gradient of wind velocity, wind velocity and lapse rate are
treated in detail so far as the observations available permit. The growth and
decay of nocturnal inversions is considered in detail while an analysis of a number
of individual charts and special phenomena is also included.

PART II—INSTRUMENTS

§ 3—INSTRUMENTAL EQUIPMENT

(a) General.—The equipment is similar to that employed by Johnson (1) for
his investigation of the conditions on Salisbury Plain. The installation was erected
in 1928 but the interpretation of the earlier records was doubtful owing to instru-
mental errors and these records have not been considered. Various alterations were
made to the installation between 1929 and 1931, and a continuous set of reliable
records was obtained from October, 1931 to October 12, 1932 inclusive.

(b) Site—The site of the installation, as mentioned above, was the Airship
Base near Ismailia, on the western shore of Lake Timsah, which connects the
northern and southern sections of the Suez Canal. The position of the installation
relative to the surrounding country is shown on the accompanying map (Fig. 1).
The position of the tower carrying the instruments for measuring temperature
(Met. Mast) is 760m. due west of the airship mooring mast and 755m. bearing 53°
west of north from the Meteorological Office, where the recording instrument was
housed. This office was fully equipped with standard meteorological instruments
and the enclosure, where normal records of temperature and relative humidity were
made, was on the south-west side of it.

The chief topographical features of the country surrounding the installation
are the lake 3Km. to the south-east and a low ridge which runs roughly east and
west for about 6-:5Km. to the north-west of, and at a distance of between 5Km.
and 8Km. from, the tower. Two spurs run out from this ridge, one towards east-
south-east and the other towards south-east, and the installation is situated on the
north-east slope of the latter. The highest points on this spur are The Boss (23m.)
bearing west by north at a distance of 2:8Km., and Hacking Hill (22m.) bearing
south by east at a distance of 1-5Km. The top of the spur is 1Km. from the tower
and the mean downward slope of the ground towards the north-east is 1 in 250 for
about 3-2Km. when it rises again to the second spur before finally falling away to
sea level at Lake Menzaleh. To the east of the Suez Canal the land rises rapidly to a
general level of over 100m. at a distance of under 25Km. from the instrument.

The exposure of the thermometer elements is excellent in all directions. Between
the north-north-east and east-north-east the horizon is formed at a distance of about
2Km. by a plantation of trees (tamarisk and eucalyptus) the heights of which are
from 10m. to 156m. The buildings of the Moascar garrison extend from east-north-
east to south-south-east at an average distance of 1-5Km. although one group of
single storied buildings lies 1Km. south-east of the tower. In the other directions
(south-south-east through north to north-north-east) there is open desert.

(¢) Installation Tower.—A latticed steel tower, a photograph of which is given
in Fig. 2, carried the louvred screens containing the temperature measuring elements.
The screens on the tower were mounted at the extreme ends of platforms at heights of
61-0m., 46-4m. and 16-2m. and projected 2-8m. from the north side of the tower.
Two other screens were mounted on a small subsidiary support (Fig. 3) at a height of
1-1m. above the ground. The instruments were placed on the north side of the tower
so as to face the prevailing wind and improve the exposure. The tower was painted
black and white, and in order to minimise radiation effects no member was painted
black on both sides. The aspiration plant and junction boxes for the electrical
connexions were installed on the platforms in addition to the screens. At the
extreme top of the tower a wind vane and a Robinson cup anemometer were
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mounted, the former of which projected 3-3m. above the upper platform and the latter
2-1m. above the platform and 62-6m. above the ground. The wind vane was for
direct observation only but the anemometer was connected to a buzzer in the Meteoro-
logical Office. A small enclosure surrounded the base of the tower and in it a small
Stevenson screen was placed in which to expose maximum and minimum thermo-
meters in order to provide check readings for the temperatures recorded by the
element at 1-1m. above the ground.

(@) Temperature-Measuring Instruments.—Platinum resistance thermometers,
kept continually aspirated, were used for measuring the temperature which was
registered by means of electrical connexions on a recorder in the Meteorological
Office. Each resistance element consisted of a coil of platinum wire wound non-
inductively on a porcelain former and enclosed in a brass sleeve. The construction
of one of these elements is shown in Fig. 4, the resistance winding being contained in
the “ bulb "’ on the thin-walled stem. The thin-walled tube extending beyond the
bulb was used as a guide plug in connexion with fixing the element in position in the

Aade in Nickewd Brass.

Iwo_way Cable.

7hermoreler _Lulb. /
7 =
Gure Plug.
b 5

F1G6. 4.—SPECIAL RESISTANCE THERMOMETER

screen. The two ends of the platinum coil were joined to gold leads and these were
fixed to copper conductors in the two-core lead-covered cable which connected each
element to the main leads of the recorder. The resistance of each element was
approximately 109 ohms at 0°C., and increased at the rate of 0-4 ohms per 1°C.

(e) Louvred Screens for the Thermometer Elements—In the conditions which
prevail in Egypt special attention had to be given to the exposure of the elements.
Each element was protected from radiation by being mounted in a porcelain tube
(2-39cm. diameter) placed in a white enamelled louvred screen of special shape. The
louvred screens consisted of five copper rings surmounted by a cone and supported in
position from the top of the central tube. A diagrammatic central section of the
final arrangement is shown in Fig. 5 and the external appearance may be seen from
Fig. 3. The element was placed so that the end of its casing was about O-§5cm;
from the open end of the tube and was kept central by means of a small “ spider.’
The connecting lead to the element was carried straight out of the screen through a
packing gland at the top while aspiration was effected through a branch tube.

(f) Aspiration of the Thermometer Elements—A constant ventilation of the
thermometer elements was maintained by means of small motor blowers, one of which
can be seen in the foreground of Fig. 3. The motors were three phase, and commu-
tator trouble was thereby avoided. One blower was mounted on each platform to
aspirate the thermometer element exposed there but the two thermometer elements
exposed at 1-1m. were served by the same blower. The suction side of each blower
was connected to the appropriate louvred screen by an iron pipe approximately 2-0cm.
diameter and about 2-4m. long, the connexion at the screen being effected by
means of a pitcher—T as shown in Fig. 5. Any interruptions in the aspiration would
make the records of temperature and temperature difference erroneous and as
electric power is by no means infallible a device to detect power failure, and
consequently the cessation of aspiration, was installed. This consisted of an open
range thermograph which recorded the temperature above an electric lamp included
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In the power circuit. Any interruption of the power was represented by a sharp
discontinuity on the thermograph trace and therefore could be easily detected.

() Electrical Circuits.—The electrical circuit employed for recording the air
temperature at 1-1m. is shown in Fig. 6 and that for the temperature differences in
Fig. 7. Both are simple Wheatstone bridge circuits. In the former the resistance
of three arms “a, b and ¢ was fixed and the thermometer element formed the
fourth arm, but in the latter only two arms were of fixed resistance and the thermo-
meter elements at the heights over which the temperature difference was to be
measured formed the other two arms of the bridge. Provision was made for both
circuits to be tested for scale reading and for this to be adjusted. The leads connect-
ing the thermometer elements were compensated by being arranged in the manner
shown in the circuit diagrams (Figs. 6 and 7). In the temperature system the leads
were duplicated, one pair was connected to the element and with resistance “e”
formed one arm of the bridge while the other pair of leads in series with resistance
“¢” formed another arm. In the differential system compensation was obtained
by employing a five-lead method of wiring with the connexions so arranged that which-
ever pair of elements was in circuit the total length of leads in each arm of the bridge
was constant.

(h) Recording Instrument.—The recorder, which was of the thread type manu-
factured by the Cambridge Instrument Company, was placed in the Meteorological
Office at a distance of 755m. from the tower. This instrument comprised the
Wheatstone bridge circuits described above together with two galvanometers
mounted side by side. These were swinging free so that any errors due to friction
between pen and chart were eliminated. One galvanometer was used for recording
the temperature of the air at 1-1m. above the ground and the other was used to give
three separate records on a single chart, viz. :—

(1) The difference in temperature between the thermometer element at 1-1m.

and the thermometer element at 16-2m.
(i) The corresponding difference for the levels 16-2m. and 46-4m.
(iii) The corresponding difference for the levels 46-4m. and 61-0m.

These three records were made in different colours by the depression at regular
intervals of the galvanometer pointer by means of a chopper bar. A thread im-
pregnated with coloured ink was stretched between the pointers and the chart and the
recorder mechanism arranged for the coloured thread, appropriate to the reading to
be recorded, to be in position below the chopper bar. The threads were coloured
green, black and red and a dot of each colour was made normally every three minutes
although the chopper bar could be arranged to fall every half-minute. The resulting
records thus consisted of a series of dots, one every minute in the case of the air
temperature at 1-1m. above the ground and one every three minutes for each of the
other readings. The normal time scale of the chart was 12-75mm. to the hour but
this could be adjusted to either 25-50mm. or 153-00mm. At right angles to the
time scale the chart was divided into two parts; on one part the air temperature
at 1-1m. was recorded in the three colours and on the other part the difference between
the air temperature at a height of 1-lm. and 16-2m. was recorded in green, that
between 16-2m. and 46-4m. in black, and that between 46-4m. and 61-0m. in red.
The scale range available on the temperature side was 30°F. (—1-0°C.) to 130°F.
(64-4°C.). On the differential side the zero position was at the centre of the chart
rulings and the galvanometer was adjusted to record a difference in temperature
of 10°F. on either side of zero. The scale value for a mean air temperature of 75°F.
(24°C.) was 4-756mm. per 1°F. Increasing the resistance in series with the galvano-
meter by opening the range switch (see Fig. 7) enables the range to be adjusted to
a difference of 20°F. on either side of zero, and in this case the scale value for a mean
air temperature of 75°F. was 2:876mm. per 1°F.

§ 4 —POSSIBLE CAUSES OF INACCURATE RECORDS

(a) Rate of Aspiration—The effect on a thermometer element of a current of
air flowing past it will depend on the velocity of the air stream. The air flow in the
annular space between the element bulb and the porcelain tube was determined
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experimentally and the values were found to depend upon the wind velocity. The
results of determinations for different values of the wind velocity at a height of
15-2m. are given in Table 1.

TABLE I—RATE OF ASPIRATION IN METRES PER SECOND FOR A SPECIFIED
WIND VELOCITY

Height of Wind velocity at 15-2m. in m./sec.
louvred
screen
o 2 5 7 10
metres
61-0 6:0 64 71 76 8-0
46-4 55 6-0 6-8 7°3 78
16-2 44 4.8 54 59 6.3
II 3-8 42 49 54 58

Pressure reduction in the air just past the bulbs of the elements was measured
by Johnson (1) and found to be about 3mm. of water for an air flow of 8m./sec.
This pressure reduction corresponds with an adiabatic cooling of 0-05°F. so that the
error involved due to different rates of aspiration between the extreme values in the
above table will be less than 0-02°F. and may be neglected.

(0) Intermattent Heating of the Elements.—The heating of the thermometer
elements by the current passing through them may affect the temperatures recorded.
Reference to Fig. 7 will show that the heating effect is not the same for all elements ;
the elements at 1-1m. and 61-0m. will be heated for one minute in three while those
at 16:2m. and 46-4m. will have a current flowing through them for two minutes in
three. Further, when the temperature difference for each of the height intervals
16-2m. to 46-4m. and 46-4m. to 61-0m. is recorded the lower element will have been
in circuit for two minutes but the upper element for only one minute, whereas in the
case of the height interval 1-1m. to 16-2m. both elements will have been in circuit
for one minute only. Johnson (1) found that for metal elements, similar to those
used in the present investigation, the rise of temperature after one minute was
0-39°F. and a steady value of 0-43°F. was reached in two and one half minutes.
Thus an element which was continuously in circuit would acquire a temperature not
more than 0-04°F. above that of an element which was heated for only one minute.
Reference to the curves obtained by Johnson for rise of temperature plotted against
time of current flow in minutes shows that after being heated for two minutes the
temperature of an element would have risen 0-41°F. so that the possible error due to
the intermittent heating of the elements will not be greater than 0-02°F.

(¢) Effect of Radiation.—The lead-covered cable fitted to each element was
exposed to sunshine after it left the screen, and conduction of heat from the exposed
portion of the cable down the metal casing and the electrical leads which connect
with the resistance winding might have been a source of error. The cable after
leaving the screen was painted white and it has been shown (1) that under these
conditions the probable error is very small. It was assumed that the effect of paint-
ing black one side of some of the lattice members of the mast would be negligible
owing to the extreme openness of the structure and consequent good ventilation.
In order to confirm this assumption a series of readings was taken of the temperature
of the air adjacent to different members of the mast when they were under the
influence of direct sunshine. The results (Table II) show that the temperature
of the air drawn off the black surface was approximately the same as that of the
air drawn off a white surface. The temperature of the air adjacent to members of
different colours was obtained by placing an Assman psychrometer at right angles to
the member, with its air intake 0-25cm. away from the surface, and orientated so
that the thermometers were shielded from the direct rays of the sun.
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TABLE II-—TEMPERATURE OF AIR DRAWN OFF IRON GIRDERS PAINTED DIFFERENT
COLOURS COMPARED WITH THE AIR TEMPERATURE AT A HEIGHT OF 1:1 METRES

Colour of Height Mean Temperature
surface against | at which wind of air from
Painting scheme Dimensions of Colour of which readings | velocity surface of
of the members cross section surface in sun temperature were at 15-2m. | member minus
was read taken air temperature
at 1.1m,
cm. m. m/sec. °F.

White Junction box White White in sun | o-9g |] +7-1
Black and white | 12:7x 12-7x 13 | Black Black 15 L 2 +70
do. do. do. White 15 7 +5-8

do. do. White Black I-5 j +6-4

Black and white | 10-2x#7-6x0-6 | White White 15 [ +4-7
do. do. Black do. 15 . +51

do. do. do. Black 5 45 +4-6

do. do. White (partially)| do. 15 L 25

White 76X 7:6X06 White White in shade| 15 |) +2-8
Black and white | 10-2x7:6%x0'6 | Black Black in sun 15 +2-9
do. 12-7 X I2-7 X I-3 | White (partially)| Black 15 6 +1I

do do Part white Black inshade| o-1 7 +7-0

) ) Part black 7
sand .. 0-6cm. +9-8

§ 5—CALIBRATION

It will be realised from the foregoing that it was necessary to calibrate and check
the zeros of the instrument when the elements were functioning in their normal
manner. Calibration was carried out by direct comparison between the recorder
traces and simultaneous readings taken on Assman psychrometers. Ideal weather
conditions for such comparisons would be an overcast sky with a fairly strong wind
but as these conditions are seldom realised at Ismailia occasions had to be chosen
when the lapse rate was steady and the change in the lapse rate was small and fairly
constant. This condition is fulfilled, with a few exceptions, by a period of about one
hour before, to about one half-hour after sunset. For any pair of elements to be
calibrated a series of ten observations at three minute intervals was made both on the
recorder and also with the Assman psychrometers, placed with the thermometer
bulbs at the same level as the resistance coil in the element. The correction to the
recorder trace was deduced from the mean of these readings and either the differential
traces were adjusted to agree approximately with the temperature differences over
each interval of height thus obtained, or the tabulated values adjusted accordingly.
It was not possible to adjust the dry bulb trace to read correctly to within less than
0-2°F. and in practice the correction was frequently allowed to be larger than this.
In order to have a daily check on the readings of the dry bulb trace the maximum
and minimum temperatures were read each day from instruments exposed in a
Stevenson screen situated 4-0m. west of the element and at a height of 1-1m. above
the desert.

PART III—DISCUSSION OF RESULTS

§ 6—MEAN HOURLY VALUES OF THE LAPSE RATE

As previously mentioned the recorder gives four traces on one chart, namely the
dry bulb reading at 1-1m. on one half of the chart and on the other half the difference
in temperature between heights of 1-1m. and 16-2m., 16-2m. and 46-4m., and 46-4m.
and 61:0m. The three differential traces will be denoted by I, II and III where
trace I refers to the lowest height interval. All temperatures have been reduced
to degrees centigrade, temperature differences have been converted into lapse rates
in degrees centigrade per 100 metres, and east European (or zone) time (two hours
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fast on G.M.T.) is used throughout. Local time at Ismailia is 9 minutes fast on zone
time so that local noon occurs at 1151 zone time. Hourly values for the period
October, 1931 to October 12, 1932 are used for the present discussion. The value
assigned to each hour is the mean value over an interval of twenty minutes centred
at the hour in question and normally this can be estimated directly by the aid of a
suitably ruled glass scale. When the temperature differences exhibited rapid
changes the practice was adopted of reading off the numerical value for each dot
over the twenty minute period and obtaining the mean of these values.

The mean hourly values of the lapse rate for each month are given in Table III
and are represented graphically in Fig. 8. Before considering these results there
are certain points which should be borne in mind. The mean monthly curves will
seldom, if ever, be reproduced by individual traces, as exceptional lapse rates on
particular days will give rise to irregularities in the curves for each month. The
rregularities, however, are likely to be smaller than those in England owing to the
greater regularity of occurrence of various phenomena in Egypt. The effect due to
the change of times of sunrise and sunset in the course of the month will also be
less marked than in England.

§ 7T—CURVES OF MEAN DIURNAL VARIATION OF THE LAPSE RATE

The curves of mean diurnal variation are given in Fig. 8 and the outstanding
features exhibited by the curves for each month will now be discussed. The salient
features of all the curves are an inversion until after sunrise, a rapid change over to
adiabatic or superadiabatic conditions followed after about local noon by a decrease
in the lapse rate, and the development of an inversion again in the evening.

Considering the curves for January the outstanding feature is the preponder-
ance and magnitude of the temperature inversion especially in the case of the lowest
height interval. An inversion is recorded by trace I on an average for nearly six-
teen hours (1640—0830) and its value is between 7-5°C./100m., and 9-5°C./100m.
for over eleven hours (1930-0700), by trace II for approximately fifteen hours (1740-
0850) and by trace III for fourteen hours (1850-0850). The values of the inversion
recorded by traces IT and III are much smaller than in the case of trace I; for trace
IT the inversion does not exceed 3-1°C./100m. while the upper limit for trace III
is 2-3°C./100m. After 0700 trace I exhibits a sudden decrease in the value of the
inversion followed by the rapid development of superadiabatic conditions. The
change is less rapid and commences slightly later in the case of trace II, although the
change occupies about the same time as in the case of trace I, but trace III records a
nearly steady inversion until 0800 which is followed by a rapid change over to an
approximately steady lapse. The change over to a lapse is completed at about the
same time, 1000, in both cases. The most rapid development of superadiabatic
conditions below 16-2m. occurs before 1000 but thereafter the lapse rate continues
to increase at a continually decreasing rate until approximately local noon when it
commences to decrease, very slowly during the first hour, and gives way to an inver-
sion about one hour in advance of sunset. The lapse rate recorded by traces II
and III exhibits only minor fluctuations from 1000 to 1500 but thereafter it gradually
decreases and gives way to an inversion soon after sunset ; zero lapse rate is recorded
by trace 1I roughly at the time of sunset and by trace III one hour later. The chief
difference between traces II and IIT is that the former shows a slight increase in
lapse rate between 1000 and 1300 (<<0-5°C./100m.) while the latter is sensibly constant
over the same period. The growth of the inversion becomes less rapid after sunset.
Each trace crosses the other two twice in the course of twenty-four hours and in
such an order as to infer that the cause of the development of either an inversion or a
lapse is propagated upwards from the ground. Thus at the breakdown of the
nocturnal inversion trace I crosses trace II at 0816 and trace III at 0820. The values
given in Table III show that at local noon in winter the mean lapse rate between
heights 1-1m. and 16-2m. is nearly seven times the dry adiabatic value (1°C./100m.
equals the dry adiabatic lapse rate approximately). This lapse rate decreases
rapidly with height and is barely twice the adiabatic value between 16-2m. and 46-4m.
and only about 1-5 times the adiabatic value between 46-4m. and 61-Om.

The curves for the other months exhibit a similar sequence of changes to those
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TABLE III-—MEAN HOURLY VALUES OF THE LAPSE RATE IN DEGREES CENTIGRADE
ON RECORDS FOR THE PERIOD

[N

Hour, |
éo?lsun c. 1 3 4 5 6 7 8 9 I0 II
Month

g Jan. —9-74| —9-0o1 | —8:90 | —8-12 | —8:54| —8:35 | —8-60| —2-61| 2-17| 467| 614

8 Feb. —9'52 |—II'II |—10-41 '—I2:32 |—10-67 | —9-42 | —850| —0:66 | 338 544| 743

S | March | —879| —8-98| —8-79| —9:45| —9-93 |=1018 | —3-27 | 3TI3| 632 934| 972

S April | —7.98| —9-16 |—10'04 | —916 | —8-68 | —7-02 | 114 96| 79I | 1045| II-50

E;_ May —8-09 | —9'34 |[—10'51 |—10-70 |—I0'55  —2-72 224 4-26 7:32| 9-30| 1081

o June —6-99 | —8:24| —9-12 | —g-01 | —842 | —o0-44| 287] 58rx| 802 938| 1077
= ®

Se| Juy | —533] —6:33| —728| —791| —769| —143] 316] 5631 6-99| 912| 1044

g Aug. —3'57| —3'90| —3:79 | —2-87 | —2-57| —0-37 | 3°13| 544| 7'43| 90I| 1037

g Sept. | —563| —6-18| —7-24 | —6:99| —6:14 | —4-7T| 147! 408| 7-02| Q30| 1045

= Oct. | —9-27| —9-90| —9-34 | —931| —887| —7-21| —070| 3:35| 6:70| 916| 1000

& Nov. | —12-13[—130 |—13-05 |—13-71 |—13:82 |—14:45| —9-97| II0| 4-27| 6-29| 769

ea) Dec. | —16-581—16-55 |—17-25 |—16-99 |—17-87 |—18-94 |—16-58 | —452 | 2:46| 4:38| 577

Jan. —2-37 | —2-87 | —2:93 | —3-07 | —2:56| —2-67 | —2:67| —1-53 | 0-28 1-53 175

Feb. —317| —3-26 | —4-26 | —3-61 | —3-17 | —3-24 | —2-69| —1-88| o0-94| 1-42| 155

March | —2-62| —3-19 | —3-68! —4-29| —3-83| —3'52 | —2-78| o0'61| 1I-29| 1I:40| 145

April | —2-52| —3-15 | —4-11 | —3-92 | —4-29 | —4-18 | —0-04 | 1-09 I-3I 1-64| 1I71

May —256 | —3:31 | —4:44| —5'30 | —4:81| —4:13| 0:37| 048 I20| I42| I49

= June —10I | —136| —2-21 | —2-38 | —2-73 | —1-82 149 1-.g0| 2-08| 2-12 2-17
(5]

§ July —I-01|—1I44|—160| —2-10| —2-38 | —1:92| 1-14| 1I-73| 1-88| =z04| 1-92

& Aug. —079 | —0-83 | —1-16 | —1-29 | —1-22 | —0-8I 129 1-73 1-82 1-.99| 206

Sept. | —2-21| —2-69| —3-04| —3-37| —367| —356| —0°44| o0-99| 1-77| 1-86| TI71

Oct. —2-84| —335{ —4'05 | —4'14| —4-38| —4:64| —2-93 I-0I 1-77| 20I| 230

Nov. —391 | —477| —4'77 | —4°18 | —4-24 | —4-02 | —3-85| —0-52 2-21 2-36| 2-58

Dec. | —532| —4'64| —5-01| —4-83| —4-94 | —5:08 | —5:34 | —425| 0:33| 1I47| 1I:66

Jan. —125| —156| —1'44| —1-63, —2-09| —2-28| —1-74| —1-86| o0-27| 1-56| 159

Feb. -—262| —303|—319| —2:84| —3-26 | —2-69 | —2-39 | —1-63 | —0-1I 1-06 102

March | —2-09 | —2:31| —2-88 | —3'49 | —3'19 | —3:41 | —2-84 —046| 0-83 I'10 1-00
April | —2:47|—277| —3'49| —3'95| —3'72| —4'I0| —2-28| 0'I5| I-25| I'44| I'59
May —1-14|~171| —2'31 | —2-31 | —2-62 | —2-20| o0-00| 1-82| 1-97| 2-09| 209

Height interval 46-4m.to 61-om. | Heightinterval 16-2m.t046-4m.

E June —0'53| —0-95| —1-33| —1:56| —2-16 | —1-78 034 1-25 1-29 1-48 I-52
§ July —0-30| —0+42 | —102 | —1-33 | —1-56| —1I-52 015 1-06 1-18 1-29 I-2X
& | Aug. —o0-I1 | —0-38| —o0-27 | —0-57| —0-76 | —1-29 0-53 1-06 1-1I0 114 I1'I0
Sept. —118| —1-29| —1-74 | —1I-78 | —1:97 | —2-47 | —2-28 065 1-02 1-21 1-21
Oct. —1:33| —1'56| —1-82; —2:50 | —2-39 | —2'77 | —3°1g | —0-I5 1-06 144 1-02
Nov. —2-06 | —2-81| —2-81| —3-72 | —349| —3°41 | —349 | —1-78 1-06 1-29 1-06
Dec. —395|—357| —39T| —4'10! —425} —3-30| —3°57 | —3°00 | —I'52 I-52 I-33

described for January although the relative duration of the various features and
their magnitude vary from month to month. During February and March the
nocturnal inversion reaches a greater value than in January for each height interval.
The value of the inversion recorded by trace I is greater in February (12-32°C./100m.)
but traces II and III attain similar values, approximately 4-3°C./100m. and
3:3°C./100m. respectively, during both months. In the case of trace I the midday
lapse progressively increases but for traces II and III there is no appreciable change
although the values reached are less than those recorded in January. In April the
nocturnal inversion is of the same magnitude as for March but now all three traces
exhibit an increase in the midday lapses although the time of occurrence of the
maximum value differs for each curve. The Mayv curves exhibit characteristics
which differ from those of any other month. The value of the nocturnal inversion
has increased between 1-1m. and 46-4m., the increase being greater between 16-2m.
and 46-4m. while a decrease is shown between 46-4m. and 61-0m. In the case of
the lowest height interval the nocturnal inversion commences to break down at 0500
and at about 0600 for the two other intervals (traces IT and III). The subsequent
rate of change of the lapse rate is similar to that for the previous months, namely
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PER 100 METRES OVER THREE HEIGHT INTERVALS FOR EACH MONTH, BASED

OCTOBER, 1931 TO OCTOBER, 1932

12 13 14 15 16 17 18 19 20 21 22 23 24
655 644| 559| 427| 246|—1-25|—4-03| —684| —780| —7-69| —7-43| —8-79 | —9-64
732| 7:32| 677| 662| 452| 125|—294|—518| —474|—6-47|—758| —9:16 |—1045
9-30| 875| 964 894| 761| 309| 00 | —I47|—224 —368|—463—6-88|—750
11-47| 11-33| 11-84| 1I-33| 9'42| 6-10| 1-87|—0'40| —I-21| —I-9I|—3-75| —5-84|—7-36
96| 10-70| II-95| II-29| Q60| 718 3-03 0-37| —0-70 | —1-62 | —3-31 | —4-74 | —7-18
10-30| 11-70| 12-50| I2-10| 10-8x| 7-87| 416f o0-59|—063|—1-29|—2-32| —4-19| —6-06
1048 | 10-55| 12°06| 12-02| 10-88| 8-68| 5-30| 165| 0:48|—0-33|—1-36|—2-79| —4-78
1018 10-II| 12-28| 12°17| 10-52| #%-80| 4-23| 182 o077|—007|—096|—2-17| —3-46

9-78| 10-52| 1I-77| II'17 9°42 6-10 2-61 I-03 | —O'II | —I‘43| —3°05| —4-27| —541
9-27| 894| 1004| 898| 6-92| 265 —007|—1-62|—3-13|—4:67 | —6-11| —7:65| —854
813| 461| 695 563| 291|—IT10|—423|—6-44|—8-57|—1048|—1026 |—1I-14|—12-02
6-07| 522| 4352| 316| o077|—353|—7'83|—I1052|—I3-09 |—1540|—1562 |—I5I1 [—I7-I0

1-82 1-82| 11| 147| 123| 068 —029|—083|—151|—162|—168 —2-19|—1-80
1-73| 1-55| 158| 145| 129/ 0-90f o0-07|—0-55|—I16| —2-12|—2-34|—2-58| —3-00
1-58| 1-34| 1-51| 142| 138 087 o0-52] o0-02|—090|—1-23|—I47|—1-97|—271
1-86| 1-90| 1-88 79| I-93 1-62 118 o0-75| 042 00 | —0'55! —I-47| —I-90
149 1-62 171 1-82 1-68 1-49 116 083 o064| o0-29|—018|—0-88|—1-66
219} 2I9| 2-2I 214| 199 1-84 I'55 I-20 1-03 0-85 0'48| 0-00| —0-64

1-97| 195| 1I90| 1I-90| 1I-77| 162| 136 096 o085 066| 0-31|—0-04|—042
2-03| 193| 195| 179| 1I69| 1I-49| 1-18| o0°94| 0-81| 059 0-20|—0-13(—0-41
1-93 1-92 1-92 1-71 I1'45 1-18 0-92 066| 0:33|—033|—081|—1-36| —1-80
2-30| =2-17| =2-25| 2-03| 18| 1I-34( o0-90o| 0:37(—024|—0%2|—1I49|—1-79| —2-60
2-58| 2-45| 245| =2-25| 195| 1I-31| 0-33|—0-76| —2-01|—2-87| —3-28|—3-89| —3-98
1-66| 168 169| 1-49| 1I-18| 048|—0-70| —1-68| —2-69| —3-98| —3-96| —4-48| —5-07

152 1I59| 1I40| 1-29| 118 o0-9I| o0-34|—015|—0-30| —0-76| —0-65| —1-52 | —1-18
09| 106 o0-95| o0-83| o0-72| o0-57|—0-08| —0-72{ —0-08| —2-01| —2-05| —2-35| —2-47
0-76| o0-99| 0-83| o0-2| o0-42 0-23 0'II| —0-30 | —0°46 | —1-52 | —2-01 | —1-78 | —2-35
1-33 137 118 1:02| o065 o057| o030 o008|—019|—083]—I18|—140|—1-82
1-.go| 11| 1-52| 129 114| o095| 0-80| o0-72| 065| 0-38] —0-II|—0-61|—0-05
1-37| 148| 152 1-29( 1-40| 1I'25| 1I-I0 1-:02| o0-9I] 076| o0-53| 0-08|—o0-19

114 1-33| 121 125 1I-21 1-:18| 102 0-87; o0-80| o0-65 0-30 | —0-08 | —0-08
0-87] 118 1-21| 1-18| 1-10| T02| 0-99| o095| 09r| o0-80| o0-53| o030 o034
1-02 129 1-18 1-18 I-10| 0-95 0-95{ 076, 053] OII|—0II|—049|—0-83
129 129 12| IxI0| 1I-38| 1I14| 1I-02{ 0O72| 0-30|—004|—053| —0-68| —1-10
1-06| 1-29| 1II4| II0| 0-05 0-80 0-23| —0'49 | —1-21 | —1-75 | —1-82 | —2-43 | —2-73
1-56| 1-63| 1-44| 1-33] o099 0:46|—034( —12T| —1-78| —2:96 | —3-15| —3-72 | —3-68

a decrease of rate of change with height, only until 0700 when the lapse rate over the
upper height interval commences to increase more rapidly than that over the middle
interval. Thus trace III crosses trace II twice in the early morning, about 0650
and 0720, and by 0800 the lapse rate between 46-4m. and 61-Om. (1-8°C./100m.)
is three times that between 16-2m. and 46-4m. (0-6°C./100m.). After 0800 the lapse
rate over the middle interval increases more rapidly than that for the upper interval
and, as there is a decrease in the value of trace III after 1100, the lapse rates are
eventually equal about 1330 when the value over each interval is 1:6°C./100m.
After 1330 the normal daytime condition of a progressive decrease of lapse rate
with height has been established. Traces II and III recross again during the
development of the inversion in the evening so that in May they cross each other
four times in twenty-four hours as against twice during each of the remaining months
of the year with one exception, March. The maximum lapse rate recorded by trace
III occurs during this month with a value of 2-09°C./100m. or just over twice the
adiabatic value.

During June, July and August the value of the nocturnal inversion progres-
sively decreases to a minimum in August. The lapses are all of the same order,
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the figures for trace III being less, and those for trace II being greater, than the
corresponding values during May. The curves for these months represent the
culmination of the various features. The nocturnal inversion has its smallest
value for the year in August and for trace I does not exceed 3-9°C./100m. while
the greatest mean value of the negative lapse rate recorded by both trace IT and
trace III during the month is 1:29°C./100m. The lapses during the day are large
and prolonged, and the maximum values, which occur in June, are 12-50°C./100m.
or over twelve times the adiabatic value for trace I, 2:21°C./100m. or over twice
the adiabatic value for trace II, and 1-52°C./100m. or one and a half times the
adiabatic value for trace III.

From September to December the nocturnal inversion increases in magnitude
and duration and the magnitude of the daytime lapse for the lowest height interval
rapidly decreases. The lapses over the other two height intervals show little
variation and especially is this so over the topmost interval. The daytime lapses
of the December curves have so far decreased as to bear a close resemblance to those
given by the January curves but the nocturnal inversion is much larger. The
large values of the inversion in December, 1931, may be due to this month being
exceptionally cold, and the persistence of quiet conditions throughout most of the
month, as the inversion was considerably larger than would be expected from the
progressive increase between August and November.

Considering the curves for the year as a whole the chief features are the growth
of the midday lapse between 1-1lm. and 16-2m. from 6 times the adiabatic value
in December to 12-5 times the adiabatic value in June, the small variability from
month to month of the midday lapse between 16-2m. and 46-4m. and between
46-4m. and 61-0m., the large values of the nocturnal inversion in December and the
correspondingly small values in August. In December the inversion nearly reaches
19°C./100m. between 1-1m. and 16-2m. but in August it does not exceed 4°C./100m.

Another point which deserves attention is the fact that the curves for the
two upper height intervals do not exhibit any kind of symmetry although in the
case of trace I the portion of the curve before about 1100 resembles the other
portion if the latter is inverted.

§ 8—MEAN MONTHLY AND YEARLY VALUES OF THE LAPSE RATE

The hourly values of the lapse rate given in Table III have been meaned by
months and the results are given below, Table IV.

TABLE IV—MEAN VALUES OF THE LAPSE RATE IN °C./100M. OVER THREE
HEIGHT INTERVALS*

Height interval
Month
I-1m.—16-2m. | 16-2m.—46-4m. | 46-4m.—61-0m.
January .. .. —333 —076 —0-25
February .. .. —2-87 —1-02 —0+48
March .. .. —0+41 —0-78 —0-81
April .. .. 1-12 —0-33 —0+63
May .. .. 1-22 —0°40 0-18
June .. .. 2:09 0-65 037
July .. .. 259 054 0-35
August .. .. 3-39 0-15 047
September .. .. 1-81 —0-21I —006
October .. .. —0°43 —0-54 —0-19
November .. .. —4-45 —I'II —0-91
December .. .. —7-96 —2-10 —1-38
Year . .. —0-60 —0-49 —0-28

* negative values denote an inversion.
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These lapse rates are the mean of the values at each hour and may be con-
sidered as the mean monthly values for the three height intervals concerned. They
show that between 1-1m. and 16-2m. the average lapse rate is positive from April
to September inclusive and during the other six months the average condition is
an inversion. Between 16-2m. and 46-4m. an inversion is the average condition
for nine months, September to May, and between 46-4m. and 61-Om. for eight
months, September to April. The extreme value of the mean negative lapse rate
occurs in December for each interval but in the case of the lapses the extreme value
over the two intervals 1-1m. to 16-2m. and 46-4m. to 61-0m. occurs in August and
over the interval 16-2m. to 46-4m. in June. The values for the year show that the
mean annual lapse rate between 1l-lm. and 61-Om. is negative and decreases with
height. The value of the mean inversion is 0-60°C./100m. for the lowest interval
and decreases to 0-28°C./100m. between 46-4m. and 61-Om.

§ 9—EXTREME VALUES OF THE LAPSE RATE

(a) General.—The tabulated values of the temperature differences over the
three intervals of height have been examined and the extreme hourly values of both
lapse and inversion which occur during each month have been extracted and are
given in Table V. The hour at which the extreme value occurs is also given together
with the state of the sky, the wind velocity at 15-2m. and 62-6m. at the time of the
extreme, and the weather experienced either since 1400 the previous day in the
case of the extreme inversion or since 2000 in the case of the extreme lapse. The
latter information is included as the magnitude of the lapse rate during the day
or night would be expected to depend to some extent upon the weather during the
preceding night or day.

(b) Extreme hourly lapses.—The extreme hourly values of the lapse in the
case of trace I occur, with two exceptions, with clear or almost clear skies. Similar
conditions prevailed during the specified period preceding the time of occurrence
of these extreme values. The exceptions are confined to the winter months and
occur on days when the air temperature at 1-1m. is considerably higher than on the
preceding day.

The maximum values of the lapse rate during the day between heights of
1-1lm. and 16-2m. vary from 9-4°C./100m. in December to 17-3°C./100m. which
value occurs in each of the months April, May and June. The former figure is
over nine times the dry adiabatic value and the latter over seventeen times. Half
of the extreme values occur at 1200 while of the remainder one occurs at 1300 and
six at 1400, the approximate time of maximum air temperature. The maximum
lapse rate during the day over the height interval 16-2m. to 46-4m. varies from
2-:5°C./100m. in May to 3-6°C./100m. in November, and over the height interval
46-4m. to 61-0m. from 2-1°C./100m. in July to 4-2°C./100m. in May. The times
of occurrence of these maxima vary from 1000 to 1500 and in general occur earlier
for trace III; of fourteen occasions of extreme value at or before noon eight refer
to the upper height interval.

(c) Extreme hourly inversions.—Turning to the extreme hourly values of the
temperature inversion it will be seen that the sky at the time the extreme values
occur is clear or only partially clouded on all occasions except those recorded during
a fog. These exceptions are restricted to the winter months and in four of the five
cases of extreme values during a fog the sky was observed to be clear above the fog.
The extreme inversions in the case of trace I range from 11-4°C./100m. in August
to 49-6°C./100m. in December, for trace II from 6-4°C./100m. in August to
20-8°C./100m. in February and for trace III from 4-6°C./100m. in August to
20-3°C./100m. in December. The times of occurrence vary from trace to trace
and on an average occur earlier the lower the height interval. Thus the values
for trace I are grouped about 0400, the latest time of occurrence being 0600 ; for
trace II the times vary from 0300 to 0700 with four occasions at 0600 and for trace
III the times are still later, 0300 to 0800, with three occasions at 0700.

(d) Wind velocity at the time of minimum and maximum lapse rate—The extreme
inversions over the lowest height interval occur with little or no wind at a height
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71 18 W. D. FLOWER

of 15-2m. but for the extremes over the other height intervals the velocity at this
height is generally greater than it is in the case of the lowest interval, and on some
occasions a rapid increase in velocity is noted between 15-2m. and 62-6m. This
1s especially so in May when the wind velocity increases from only 0-9m./sec. at
15-2m. to 5-1m./sec. at 62-6m. In the case of the largest hourly inversions between
46-4m. and 61-0m. the wind velocity at 62-6m. is of the same magnitude as it is for
the extreme values over the middle height interval, although on five occasions
it is calm. This confirms the view that in general a low wind velocity is favourable
for the development of a large inversion while the higher wind velocities at 62-6m.
indicate that under certain conditions a large inversion can exist between 16-1m.
and646-4m. and between 46-4m. and 61-0m. even though a moderate wind is blowing
at 62-6m.

In the case of trace I the extreme hourly values of the lapses occur when the
wind at 15-2m. is moderate or fresh and although this holds in the majority of cases
for both traces IT and III there are occasions of maxima with little or no wind.
These occasions are associated with a very small increase of velocity between
15-2m. and 62-6m. In the case of the highest hourly value of a lapse for trace III
(4:2°C./100m.) the wind at 62-6m. is calm and it appears that the higher the wind
velocity and the greater the vertical difference of wind velocity over a height interval
the smaller will be the lapse for a given temperature at the lower level.

(e) Absolute extreme values of the lapse vate.—Each differential trace consists
of a sequence of dots made at intervals of three minutes and the extreme maximum
lapses and inversions recorded by individual dots in each of the three traces have
been ascertained. The values obtained must not be considered as the greatest
instantaneous lapse rates which actually occur but merely as an indication of
the maximum excursion of the individual dots which constitute the trace.

The fluctuations from dot to dot are most marked on trace I and by comparison
those exhibited by trace III are extremely small. During each month there were
a few occasions when the dots on traces II and III deviated considerably from the.
mean and although there is nothing to suggest that this effect is other than real
it occupies such a short period of time on the chart (less than 15 minutes) in every
case that it can be regarded as of no importance in the heat economy of the whole
day. Each occasion referred to was marked by a sudden large deviation from the
mean value followed by successively smaller deviations until the mean value was
approximately the same as before the first large deviation. The number of dots
mmvolved on any occasion was never more than five and the extreme values recorded
under these conditions, which only occurred when the lapse rate was positive, have
been disregarded in the tabulation.

The absolute extreme lapse rates are given in Table VI together with the time
at which they occurred. Included in the table is the weather at the time of
occurrence of the extreme value and also during the past six hours together with the
wind velocity at 15-2m. and at 62:6m. A comparison of the absolute extreme
lapse rates with the extreme hourly values (Table V) is not strictly justified as in
the former case the whole trace is considered while in the latter only those portions
of the trace which are included in periods of twenty minutes centred at each hour.
The absolute extreme values are on an average 15 to 30 per cent higher than the
extreme hourly values although in a few cases, notably as regards the absolute
extreme inversion on trace III, the percentage increase is very much greater.

The absolute extreme lapses in the case of trace I, apart from two exceptions,
occur with clear or almost clear skies ; for trace II there are three exceptions to
this rule and for trace III one exception. Thus, as is to be anticipated, the state
of the sky associated with absolute extreme lapses is similar to that for extreme
hourly lapses. The wind velocity at 15-2m. associated with the extreme lapses
between 1-lm. and 16-2m. varies from 3-6m./sec. to 8:9m./sec. with only three
values below 5-8m./sec. but the extreme lapses between 16-2m. and 4-64m. and
between 46-4m. and 61-0m. occur in most cases with a lower value of the wind
velocity. The range for trace II is from 0-9m./sec. to 9-4m./sec. with values in five
months below 3-7m./sec. and for trace IIT from calm to 8:9m./sec. with values in
only two months exceeding 3-6m./sec. Extreme values recorded by trace I occur
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with high values of the wind velocity at 62-6m. while the extremes for traces I and I11
are associated with lower wind velocities. The absolute extreme lapse rates during
the day over the lowest height interval vary from 11-0°C./100m. in December to
22-8°C./100m. in June. Thus in June, a lapse rate, more than twice the highest
value recorded in December may be expected. The values in eight months occurred
within an hour centred at noon and the earliest time of an extreme occurred in
December at 1040 and the latest in August at 1423. The extreme values over the
middle height interval exhibit little variation, the lowest value being 3-0°C./100m.
in February and the highest 4-6°C./100m. in November while for the top height
interval the values vary from 2-9°C./100m. in July and September to 5-3°C./100m.
in May. The time of occurrence of the extreme values on trace II varies from
0840 to 1403 with a fairly even distribution between 1200 and 1400 and on trace
IIT the time varies from 0828 to 1515 with a slight preference for the hour 1200
to 1300.

The highest recorded value of the inversion is, in the majority of cases,
associated with a cloudless or almost clear sky and the exceptions in all cases but
two, are associated with occasions of fog. The wind velocity at both 15-2m. and
62-6m. is light, less than 5m./sec. on the occasion of every absolute extreme inversion
over the lowest and middle height intervals. The wind velocity associated with
extreme values over the top height interval is less than 2-3m./sec. at 15-2m. in nine
months and does not exceed 5-4m./sec. in any month although the vertical gradient of
wind velocity between 15-2m. and 62-6m. is relatively large on one or two occasions.
The velocity increases from 0-9m./sec. at 15:2m. to 8-5m./sec. at 62-6m. on the
occasion of the extreme inversion in December and from 0-3m./sec. to 5-1m./sec.
in May. The values of the absolute extreme inversions vary from a lapse rate of
—14-5°C./100m. in August to —62-6°C./100m. in December in the case of the
lowest height interval, from —6-9°C./100m. in August to —22-3°C./100m. in
December in the case of the middle height interval and from —7-2°C./100m. in
August to —23-9°C./100m. in December for the top height interval. The time
of occurrence varies from 0150 to 0513, with the majority grouped about 0430,
in the case of trace I, from 0230 to 0710, with the majority between 0500 and 0600,
apart from an isolated value at 2021, in the case of trace II, and from 2119 to 0813
with the majority after 0500 in the case of trace III.

§10—FREQUENCY OF OCCURRENCE OF LAPSE RATES OF VARIOUS MAGNITUDES

(a) Hourly frequency values of various lapse rates—The hourly values of the
lapse rate over the three height intervals, which are the basis of the mean hourly
values given in Table III, have been analysed to show the frequency of occurrence
of various values of the lapse rate expressed as ratios of the dry adiabatic value
for each hour during each month. The result of the analysis is contained in
Table VII where the frequencies are expressed as percentages of the total number
of readings at the hour concerned. Inversions, which are negative lapse rates, are
considered as negative ratios of the adiabatic value while a lapse of temperature
has a positive ratio. In order to curtail the size of the table it has been necessary
to group the figures for a number of ratios with the result that the figures given
for a ratio of 0-5 include lapse rates equal to or less than the adiabatic value but
greater than zero. Similarly a ratio of 2 includes lapse rates greater than 1 but equal
to or less than 3 and so on.

Considering the table as a whole it is found that the figures are grouped ap-
proximately about the curves given in Fig. 8. The values for January show that
in the case of trace I the midday lapse attains a value equal to eleven times the dry
adiabatic value between the hours 1100 to 1300 while between 1000 and 1400
over eighty-five per cent. of the values exceed a ratio of three. At night, values
of the inversions are distributed fairly evenly between minus one and minus twelve
times the adiabatic value with a maximum at a ratio of minus five. Traces II
and III exhibit a much smaller variation of the values of the midday lapse. The
lapse recorded by trace II never exceeds three times the adiabatic value although
between 1000 and 1600 over eighty per cent of the readings exceed the adiabatic
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value. The inversions show a grouping of the values around the lowest negative
ratios and not more than about twenty per cent exceed a ratio of minus five at any
hour. As regards the lapses recorded by trace III, over eighty per cent of the
values are between one and two times the adiabatic value from 1100 to 1300 and
no value exceeds a ratio of four. The values for the nocturnal inversions are
distributed in a manner similar to those for trace II; the majority of inversions
are less than minus six times the adiabatic ratio and not more than ten per cent
exceed this ratio. A lapse occurs for each trace at some time during the night
but with few exceptions the magnitude does not exceed the adiabatic value. The
frequency of these nocturnal lapses is small but increases the further the height
interval concerned is from the ground. Less than seven per cent of the values
at any hour of the night are lapses in the case of trace I but fifteen to twenty-five
per cent of the total readings for traces II and III are equal to or less than the
adiabatic value. Further, the possible magnitude of the lapse increases with height
above the ground and for trace III may be equal to twice the adiabatic value at
any time of the night. The figures for February exhibit similar characteristics
to those for January. For trace I a number of readings reach thirteen times the
adiabatic value during the day, but traces II and III record a greater percentage
of readings equal to or less than the adiabatic value than during January, together
with the occasional occurrence of a very small inversion during the day. The
nocturnal inversions show a tendency towards an increase in the number of those
of great magnitude.

The March records continue the process observed for all traces in February.
In April there is a decrease in the percentage of daytime lapses less than the
adiabatic value for both traces IT and III and for the first time a few values occur
between three and four times the adiabatic value while the number of large lapses
over the lowest height interval continues to increase. Occasional inversions are
recorded by traces IT and III in the daylight hours during this month while nocturnal
inversions are of the same order as those for March.

In May the figures for trace I show a continuance of the increase in frequency
of the higher adiabatic ratios during the day while the majority of the inversions
are grouped about a ratio of minus ten. For trace II the daily lapses are grouped
about one and two times the adiabatic value while the nocturnal inversions are
distributed in much the same way as in April. The increase in frequency of higher
ratios of the daily lapse is most marked for trace III and from 1000 to 1200 over
half the readings exceed twice the adiabatic value while a ratio greater than four
is recorded at 0900. Higher values of the nocturnal inversion decrease in frequency
and an inversion exceeds a ratio of minus seven during only one hour.

The month of June marks the culmination of the increase in frequency of
daily lapses greater than thirteen times the adiabatic value over the lowest height
interval, and of the higher ratios (2 to 4) for trace II, but for trace III there is a
large decrease in the frequency of high ratios. The values given for trace III show
that between 0900 and 1200 from forty to sixty per cent of the lapses are equal
to or less than the adiabatic value as against ten to fifteen per cent during May
while no value exceeds a ratio of three. Occasions of high values of the nocturnal
inversion continue to decrease.

The figures obtained for the months July to December show that the frequency
of the larger adiabatic ratios for the midday lapse recorded by trace I continues to
decrease progressively and the December figures are similar to those for January.
The percentage of large values of the nocturnal inversion continues to decrease
during July and August and in the latter month the largest inversion does not exceed
a ratio of minus thirteen. In subsequent months these values increase to a maximum
in December when over half the inversions recorded from 2100 to 0700 exceed a ratio
of minus thirteen. Daytime lapses for traces II and III are within the same range
as those for June except during November and December when the majority of
observations for trace III are between one and two times the adiabatic value. The
larger values of the inversions for both traces exhibit a decreasing frequency up to
August in which month only one observation ¢xceeds a ratio of minus six for trace II
and not one exceeds a ratio of minus three for trace ITI. From September onwards
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the larger values of the inversion over the middle and upper height intervals increase
to a maximum in December, as in the case of the lowest interval, and in this month
a number of lapse rates exceed a ratio of minus ten for both trace II and trace IIIL.

Considering the figures for the year it is seen that only over the lowest height
interval does an inversion persist on an average throughout each night of a month.
This occurs in November and December. During each of the other months small
lapses, in most cases less than three times the adiabatic value, may occur at any
hour of the night. Over the other two height intervals a lapse may occur during
the night in any month, but the magnitude of such lapses is seldom greater than the
adiabatic value with the exception of values for trace Il during July and August,
and for trace III during January, March, July, August, September and October,
when some values may reach a ratio of two. The few small inversions recorded
during the day by both traces II and III occur during the months when depressions
develop over the desert west of Egypt and travel north-east into the eastern
Mediterranean basin. The centres of these depressions pass nearer to Egypt in
March and April and it is significant that these small inversions during the daylight
hours are most frequent during these months.

(b) Monthly frequency of various lapse rates—In addition to the hourly frequency
of various values of the lapse rate, figures have been obtained to show the frequency
of occurrence of such values during each month, and for the year, for each height
interval. The result is contained in Table VIII where the frequencies are expressed
as percentages of the total number of hourly readings.

The frequency figures for the lowest height interval exhibit two maxima in
each month except January. One of these maximum frequencies occurs for
inversions which lie between 0-1 and 4-0°C./100m. during the months January to
November, but in December inversions between 4-1 and 7-9°C./100m. exhibit a
frequency maximum. The actual frequencies vary from fifteen to twenty-five
per cent. and do not exhibit any seasonal variation—the lowest value occurs in
November and the highest in January. During the months March to October
inclusive the other maximum occurs for lapses which lie between 8-0 and
11-9°C./100m., during February and November for lapses between 4:1 and
7-9°C./100m., and in December for lapses less than 4-0°C./100m. The frequency
values in this case vary from sixteen to twenty-one per cent and are in general
larger during the summer months. During February fifty-five per cent of the
readings are evenly distributed between a lapse of 7-9°C./100m. and an inversion
of 4:0°C./100m. while in January, as already mentioned, the figures are grouped
around a maximum frequency for small inversions between 0-1 and 4-0°C./100m.
The summer months are characterised by an increase in frequency of large lapses ;
in June twelve per cent of the hourly values are for lapse rates between 12-0 and
19-8°C./100m. but the lower value was not even reached during either January
or December. The frequency of inversions between 0-1 and 7-9°C./100m. is fairly
constant at about thirty per cent throughout the year but larger values of the
inversion exhibit a marked annual variation with maximum frequency in winter.
In June inversions greater than 19-8°C./100m. account for only one per cent of all
hourly readings, but in December the corresponding figure is nineteen per cent.

The lapse rates for the middle and upper height intervals extend over a much
smaller range than those for the lowest interval. In the latter case the range is
nearly 70°C./100m. and individual lapse rates vary from 20°C.100m., to
—50°C./100m., but the values for traces II and III are all between 5°C./100m.
and —25°C./100m. The readings over the middle height interval exhibit a maximum
frequency for lapses between 1-1 and 2-0°C./100m. for each month March to
September, and from October to February for lapse rates between 0 and 1-0°C./100m.
In midsummer the former group of lapse rates accounts for about thirty-five per
cent of the hourly values but in winter the frequency of occurrence decreases to
under twenty per cent. The increase in frequency of inversions in winter is very
marked : inversions less than 4-1°C./100m. account for about twenty per cent of
the total readings in summer but in winter for over thirty per cent. For inversions
greater than 4-0°C./100m. the June value is only five per cent but in December
the value has increased to nearly thirty per cent.
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TABLE VIII-—MONTHLY FREQUENCY OF OCCURRENCE OF VARIOUS LAPSE RATES,
SHOWING PERCENTAGE FREQUENCY OF SPECIFIED LAPSE RATES OVER THREE HEIGHT

INTERVALS
Lapses (°C./room.) Inversions (°C./1oom.)
Month
19-8|15-9|11°9|7°9 |40 ||—0'I |—4'1 |—8-0 | —12-0|—16:0|—19-9|—23-9|—27-8|—31-8|—357|—39-6|—43-6] —474
to| to | to] to] to to to to to to to to to to to to to to
16-0i12-0 8-0f 4-1| ol —4-0 —7-9|—11-9|—15-9/—19-8]—23-8|—27-7|—31-7|—35-6|—39-5|—43"5|—47-3| —51"3
(a) Height interval 1-1m. to 16-2m. (Trace I)
]‘an. o] oo | 3-5|15-7|18-9| 251 | 124 76 56| 47 40 1-7| o4 | o4 . ..
Feb. .. | 06| 7-6{18-3|18-0f 187 | 13-8 | 7.2 | 73| 23 17 15 1'5| o9| 03| 03
Mar. <. | 4-0|16-7]16:6/13:6| 210 | 10°I 77| 44| 26| 19| 03] 05| 03| o1 ..
Apr. 0-3|12-2|14-8|12-5(125| 20:3 | 122 71 4°3 2 12 o1 .. .. ..
May | o-5( 8:3|17-9|13-4|139|| z0.0 | 89| 93| 52 16| o5 or oI
June | o-x|12-0{18-8|13-7|13 7| 226 73 5-2 7°1 14| 06| o4
July 9-4|21-0l15-8|17°1|| 190 | 88| 50| 43| o5 | 04| 03
Aug. 8-7(20-3|16-0[20-6| 24°3 85 1-6 .. .. .. ..
Sept. 7:520°3|12-7/18-7| 20°1 | 11-3 58| 32 04 | o1 .. . .-
Oct. 2-8|18-0|14-6(13-9|| 17-3 | 137 | 100 | 49| 23| 03| o1 .. o1 ..
Nov. .. | o] 83|17-2|12°9|| 146 | 115 | 1I-5 96 67 42 2-1 0-7 03 03 .. .. ..
Dec. | .. | 1-2|14-0|16°4| 95 | 148 | 99| 67| 77 72 42 3-8 14| 07 10| 03| 03
Year | o-1] 5-514-0|15-1|15-7|| 19:5 | 110 | 73| 52 27 19| o9 | 06| 03| oI o1 o0 | o0
Lapses (°C./100m.) Inversions (°C./100m.)
Month
5:0[40[30|[2:0|1-0| —o0-x| —1°1] —2-1| —3°X| —4°1| —80[—12-0—16-0|—19-9
to|to|tofto] to to to to to to to to to to
41| 3.1} 2-1) 1°1f o —1-0l —2-0 —3-0] —4-0l —7-9|—11-9|—15-9|—19-8]/—23-8
(b) Height interval 16-2m. to 46-4m. (Trace II
Jan. 7-622-1[24-3|| 155 61 71 4°4 9-2 31 06 .. ..
Feb. 5-2|24-0[24°5| 120 | oI 53| 41{102]| 47| 05| 02| 02
Mar. .. | .| 4-8]27-0|25-9| 10-4 7°5 69 36 | 100 37 03 ..
Apr. .. | 0°4|15-5|27-2|20°4{ 9-2 49 6-8| 40 8-2 2-3 o-7 03
May | oo | 5°7133-7|27°3l| 65| 50| 451 42| 101 25| o4 ..
June | .. | 0-3|25-0(33-8|16-4| 8-8 52 4°1 16 4°5 0-4 ..
July .. | 0:317°7|36°4|22°3]| 72 6-1 39| 24 35| 03 .. ..
Aug. .. | .. |14-0|37-0|24-2|| 128 [ 62 | 32 174 o8 .. . ..
Sept. | .. | .. | 9-1|34:3|18:3|| 10-0 8-6 65 3-8 83 11 .. ..
Oct. .. | 0-1|19-6|19-1|13-3|| 10-0 72 97 6-2 99 2-9 o1 ..
Nov. .. | 6-8/18-8|16-0| 97| 57 53 65 6:9 | 20°3 37 0-3 ..
Dec. .. | 03] 6:719:6|14-4| 92 77 79 60 | 181 77 1-8 07
Year | .. | o-7|12-527-5/2z0-1| 9-8 6-6 61 4°1 9°4 2-7 0-4 oI 0-0
(c) Height interval 46-4m. to 61-om. (Trace III)
Jan. .. | 01| 2-5|29:9{27-5|| 146 | 93 53 281 64 1'5] o1 ..
Feb. 0:5/14-4|36-8|| 13°1 | 101 81 50| 90| 24| o5]| o1
Mar. ..| .. | 1-5/10-1/40-0| 15'9 | 101 6-6 64 63 1-8 0-8
Apr. .. | 10| 5-3|16-5|33-0 12-8 | 84 8-4 46| 78 1-8 | o4
May | o-1j 1-9{12-7[22-5/31-5{ 8-3 | 10°5 [ 49 | 31 42 .. o-1
June .. | 1-4)18-5|52-1|| 9-7 66 6-8 1-6 3°I 01
July 0-9/33'2(44°6|l 96 4°3 30 1-6 22 .. .
Aug. 1:9|30'9|49°7|| 99 45 1-8 11 ¢33 ¢ .. .
Sept. | .. | .. | 0-4/30-8/36:6]l 93| 97| 64| 27| 35 03| o1 [ B¢
Oct. .. | 02 52|25-2129-2| 124 9:0 95 32 59 02 . ..
Nov. oo | o+ | T°1|19-6|27-6( 10-7 | 10-3 | 133 51 | 10-3 17 03 ..
Dec. .. | o1 2-2[23-1|21-2| 11-0 82 6-8 5'4 | 16-6 34 15 0-5
Year | 0-0| 0-3f 3-0[22-9{35-9| I1-5 8-4 6-8 35 6-3 11 03 o-1

In the case of the upper height interval each month exhibits a maximum
frequency for lapse rates between 0 and 1-:0°C./100m. : in June fifty-two per cent
of the hourly values fall within this range but in December the frequency decreases
to only twenty-one per cent. Inversions less than 4-1°C./100m. account for over
thirty per cent of the total number of readings in winter and for about twent
per cent. in summer, and thus exhibit a seasonal variation similar to that for the
two lower height intervals. Inversions greater than 4-0°C./100m. account for
twenty-two per cent of the observations in December but for only 0-1 per cent in
August.
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The average frequency for the year is shown on the last line of each table and
these values are plotted in Fig. 9. The maximum frequency for the lowest height
interval occurs at a lapse rate of —2-0°C./100m. although there is a flattening
of the curve between 2:0 and
T I ‘ 10-0°C./100m., which is the region
Trace | xeseex  Height inberval bim. o6 2m. of the secondary maxima referred
to above when discussing the
distribution of lapse rates during
i each month. If the curve for the
. lowest height interval is compared
' with that given by Johnson for
the height interval 1-2m.to 17-1m.
it is seen that at Ismailia the
lapses are spread over a much
wider range. About sixteen per
cent of all the readings fall around
a lapse rate of 2-0°C./100m.,
another sixteen per cent about
6-0°C./100m. and a further thir-
teen per cent about 10-0°C./100m.,
while the corresponding figures
for Salisbury Plain are thirty-four
per cent, eleven per cent and
five per cent.

The frequency curve for trace
II gives a sharp maximum for
lapse rates around 1-5°C./100m.
Further, sixty per cent of all the
readings are within a range of
3:0°C./100m. centred at this point. The curve representing the readings over the
upper height interval is similar to that for the middle interval but the position of
the maximum is nearer zero lapse rate and the curve is much steeper. The
maximum frequency occurs for lapse rates between 0 and 1-0°C./100m. and fifty-nine
per cent of all the hourly values are accounted for by lapse rates between 0 and
2-0°C./100m., while inversions smaller than 4-1°C./100m. represent thirty per cent.

40
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F1G. 9.—FREQUENCY OF OCCURRENCE OF VARIOUS LAPSE RATES

§ 11—EFFECT OF CLOUDS ON THE MAGNITUDE OF LAPSE RATES

In a previous section mean values of lapse rates over certain intervals of height
have been considered without reference to the prevailing meteorological conditions.
It is now proposed to consider the variation which occurs in these lapse rates
according to whether the sky is cloudless or not. Unfortunately an overcast sky
for any lengthy period is an extremely rare occurrence at Ismailia and on no
occasion during the functioning of the installation was the sky overcast for the
whole of the day and night. For the purpose of the present investigation, therefore,
days when the sky was more than half covered with clouds at 0500, cloudy (sky
8 tenths to 10 tenths covered) at 0800, more than half clouded at 1400, and more
than half clouded since 1400 the previous afternoon have been taken as representing
the opposite extreme from a cloudless sky. Even with this classification the number
of days to be included in the “cloudy” group is very small and any stricter
conditions would mean that no days could be classed as ““ cloudy.” The criterion
for a cloudless day has been a continuous trace on the sunshine record during the
daylight hours from 1400 the previous day and no reports of clouds during the night.
December has been taken as representative of the winter months when clouds are
liable to develop and to persist during the day. August has been taken as repre-
sentative of the summer months but in this case there were no occasions of the
cloud amount exceeding 6 tenths after about 1000, and as the sky was invariably
clear after 1600 it is possible to consider only the lapse rates on cloudless days
during summer. The hourly values for the three traces, I, IT and III for cloudless
and cloudy days and nights during December and for cloudless days in August are
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given in Table IN, together with the mean hourly wind velocity for each group as
recorded by the Dines pressure tube anemometer, the head of which is at a height
of 15-2 metres. The data given in Table IX are shown graphically in Fig. 10.

The curves for cloudless days in December show that traces I, IT and III have
maximum values of the lapse rate at 6-3, 1-7 and 1-6°C./100m. respectively com-
pared with 6-06, 1-69 and 1-63°C./100m. already given as the mean values for all
states of sky. The corresponding values for cloudy days are 6-4, 1-7 and
1-6°C./100m. which differ by not more than 0-1°C./100m. in any case from the
figures for cloudless days so that the fact of the sky being cloudy has little or no
effect on the magnitude of the maximum lapses, although it must be noted that on
cloudy days the wind velocity is greater, especially before noon. The nocturnal
inversions on clear nights reach values of 30-2, 8:7 and 7-4°C./100m. respectively
for the three traces, I, IT and III compared with the monthly mean values of 18-94,
5:34 and 4-25°C./100m., but on cloudy nights the extreme values are only 9-9,
4-1 and 4-6°C./100m. On cloudless nights the inversions are therefore considerably
larger than on cloudy or partially cloudy nights and the increase is greater near
the ground.

TABLE IX-—MEAN HOURLY VALUES OF THE LAPSE RATE IN °C./100m.

|
Zone time 1!2 3i415‘6’7 8‘9‘1011
Cloudless Days
I-1m. to 16-2m. |—22-5 |—22:2 |—22-2 |—22-9 |—27I |[—30-2 |—29-2 |— 04 23| 38| 63

& | 16-2m. to 46:4m. |— 6-3 |— 58 |— 7-8 |— 87 |— 77— 78— 72|—80|—- 11| 12| I]5

2 | 46:4m. to bT-0m. |— 47 |— 50 |— 40 |— 52 |— 6:8 |— 44 |[— 50 |— 49 |— 43| 13| I2

g

r

g Cloudy Days

%)

R I-1m. to 16-2m. [— 99 |— 70 [— 48 |— 46 |— 32|— 32 |— 22|— 04 19 4-7| 64
16-2m. to 46-4m. [— 4I |— 40 |— 32 |— 08— 02 |— 06— 03 0-8 4| 16| 17
46-4m. to 61-om. |[— %9 |[— 14 |— 21 — I0|— 08 |— 10|— 02 05 09| I'I] 15§

& Cloudless Day

§ oudless Days

- 1-1m. to 16-2m. |— 4-8 |— 6:3|]— 67 |— 6-0|— 53|— 20 26 50 71| 82| 99

;;J 16-2m. to 46-4m. |— 06 |— 0'9 |— I'5|— 21 |— 30 |— 22 13 17 1-8| 20| 19

3 46-4m. to 61-0m. |— 2:0| 00|— 04 |— I'2|— I4|— 22| 04 10| 10| 09| 08

Mean Hourly Values of Wind Velocity

December
Cloudless days..| 19 15 18 15 16 16 1y 15 5| 25| 34

December 7
Cloudy days ..| 53| 55| 52| 47 40| 46| 51| 48| 46| 54| 57

August
Cloudless days..| 14 17 19 23 24 19 22 2.1 21| 23| 29

The wind velocity when the sky is cloudless is at all hours lower than when
it is cloudy. During daylight hours the velocity on cloudy days is about fifty
per cent greater than on cloudless days but at night the increase is much greater.
This is due to the diurnal variation of velocity being more marked on cloudless
days than on those when cloudy conditions prevailed. I‘urther, the velocity on a
cloudy night is on an average about three times the value recorded on a clear night.

Reference to Fig. 10 shows that the change over from an inversion to a lapse,
and vice versa, is very rapid with clear skies but more gradual in cloudy weather.
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The rate at which the inversion decreases and a lapse develops after sunrise is
greater than the rate of decrease of lapse and growth of inversion about sunset.
In December the change over occurs earlier in the morning for each of the three
traces under cloudy conditions and the order of change over is reversed. On
cloudy mornings a lapse is first recorded by trace III followed in turn by traces II
and I but when it is clear a lapse occurs first near the ground and develops upwards.

On cloudless days in August the lapse rate recorded over each height interval
during the day is slightly less than under average conditions but the nocturnal
inversion is more intense. The extreme lapses on cloudless days recorded respectively
by traces I, IT and IIT are 12-0, 20 and 1-1°C./100m. as against average values of
12-28, 2-06 and 1-21°C./100m., while the extreme inversions are 6-7, 3-0 and
2-2°C./100m. compared respectively with average values of 3:90, 1:29 and
1-29°C./100m. The wind velocity exhibits a well marked diurnal variation in the
same way as do the figures for cloudless days in December except that the maximum
velocity does not occur until 1800, or three hours later than in winter. The increase
in wind velocity after 1200 and the decrease in lapse rate after 1300 are to be noted
although it is doubtful whether the two features are directly related.

OVER THREE HEIGHT INTERVALS FOR CLEAR AND CLOUDY DAYS

; ‘ | Number
1z | 13 | I4 15 16 17 18 19 20 21 22 23 24 of
| \ days
Cloudless Days
62| 55| 46| 32 03 ,— 52|— 95 |—157 |—16-8 | —18-2 [—19:6 | —21I-5 |—26-0
5| 5, 17| T4, TI| 03|—TI0|— 16— 45 ’— 6:5|— 49 |— 77|~ 74 7
r3| 6| 14| 13| I o4} 08|—19 — 3zl—52|— 50— 55— 74
; !
Cloudy Days
51| 48| 36| 19| 04|—15|— 35| 40|—56]|— 56— 62|—063|— 72
7| 7| 15| 13| 10| oO4|—o0I|—o0y|— 08|~ 17|— 27 |— 2:8|— 30 4
6| 16| I35 13 0g|— 06 |— 09 |— 20— 16 [— 46 |— 33 |— 40|— 25
| |
Cloudless Days
9-6 9-7( 12.0| II-5| 101 751 4T 1-6 06|— 03|— 10|— 25— 36
19| 20| 18| 17| 17| 14, 11| oO9| 08l 06| 04 o0z|- oI 9
06| 09 I'I 09 0-8 06 06 06 o ‘ 05 0-4’ 02 00
| |
at 15-2m. in metres per second
[ 1 |
40| 40| 41| 49| 47| 47| 41| 31| 26| 24| 23} 21 18 7
511 57| 63 59| 56 54| 54| 5I) 43| 45| 45| 42 3 4
31| 48 56 63 6:g| 76 81 771{ 60| 50| 37 2-4 1-6 9

A comparison of the lapse rates on cloudless days and nights in summer and in
winter shows that in the case of trace I the lapse rate is considerably smaller during
the winter. The daytime lapses in December are never greater than two-thirds
the August value while the nocturnal inversion in December attains a value five
times that recorded in August. As regards the other two traces the nocturnal
inversions are much greater in winter while the daytime lapses are still slightly
larger in summer in the case of trace II although they are smaller in the case of
trace III. A very marked feature of the two series of lapse rates is, however, the
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much longer duration of a positive lapse rate in summer. Inversions account for
only about one-third of the hourly readings in August compared with two-thirds
of the number in December.

o 0800 1200 1806

T 2800 © 0600 1200 [he2) 00 0800 1200 1800 2400
30| + ©
W Decemaen . 1931, Decemaen. 1931, AususT. 1932,
Cloudlaess Days CLW""j Du‘: Clou.d-l.es:DNis
——— Trace | (IImlo16-2m)
/ -- - Tracel (16:2m fo46-4m)
20 f— e—=<+—>+- Tracell (464mlo 610m) 20

s N i

Lapse Rate in 'C/IOOm,.

4

0800 1200 1800 2400

5603 £ 85 2400 c Shco 1200 o) 2400

NOTE - Arrow heads indicate times of sunrise and sunset for middle day of ronth. Times are zone times.

F1G. 10.—CURVES SHEWING MEAN LAPSE RATE OF TEMPERATURE BETWEEN HEIGHTS OF I-Im. AND 16-2m.,
16.2m. AND 46.4m., AND 46.4m. AND 6I-0m. ON CLOUDLESS AND CLOUDY DAYS AND NIGHTS IN
DECEMBER, 193I, AND ON CLOUDLESS DAYS AND NIGHTS IN AUGUST, 1932

§ 12-—ANALYSIS OF THE LAPSE RATES OCCURRING DURING THE NIGHT AND
EARLY MORNING IN SUMMER

During the summer one outstanding phenomenon of the weather experienced
in the Nile Delta and the adjacent desert is the frequent occurrence of a considerable
amount of low cloud in the early morning. The observations of cloud amount
in the early morning at Ismailia show that on an average the sky is more than
7 tenths covered with low clouds at some time between 0400 and 0800 on eight days
in June and on seventeen days in both July and August. Since the climate of
Egypt is not affected by the passage of cyclonic depressions during these months,
the development of low cloud was considered a matter of sufficient interest to
warrant an analysis of the lapse rates associated with those occasions, when either
the sky is clear throughout the night and until 0800 at the earliest, or cloud
developed and amounted to 8 tenths-10 tenths at some time between 0400 and
0800. The values of the lapse rate at each hour from 1800 to 0900 were abstracted
for the days fulfilling the conditions as regards clear or cloudy mornings during
June, July and August and the mean monthly values at each hour for each state
of sky were computed and these figures, together with the mean value of the vapour
pressure, the temperature at 1-lm., and the wind velocity at 15:2m. and 62-6m.
are given in Table X.

On occasions when the sky is cloudless throughout the night it is seen that
during June the lapse rate during the evening is, on an average, less than the mean
value for the month over each height interval (cf. Table IIT). The difference is most
marked about sunrise and at 0500 the difference in lapse rate over the lowest interval,
1-1lm. to 16-2m., is 3:0°C./]100m. In July the lapse rate over the upper height
interval, 46-4m. to 61-0m., differs little from the monthly mean before 2300, but
the lapse rates over the other two height intervals exhibit similar characteristics
to the corresponding figures for June. During August the difference in the lapse
rate on cloudless nights and under average conditions is far less marked than in
either of the earlier months and it is only over the lowest height interval, 1-1m.
to 16-2m., that any consistent difference is to be observed.
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