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it has been realized that a study of the upperair along the west coast of
Southern Africa would be of great interest and would possibly shed light
upon the extremely arid coastal region known as the Namib Desert.
Contrary to fairly popular belief the
Kalahari Desert, which lies more inland, is in most respects no desert at
all, its rainfall varying according to
the locality from about 7 to 20 inches
per annum, with the result that it has
a fair vegetal covering of shrubs and
grass. On the other hand, the Namib
has an average annual rainfall of less
than two inches, the rainfall at Walvis Bay being less than one inch per
annum.
Some time ago the opportunity presented itself for obtaining a series of
upper-air records at Walvis Bay, and
although the data apply only to a
short period of time, the results seem
to be of sufficient importance to merit
a short preliminary report, especially
in view of the fact that it is extremely
unlikely that more extended observaOR A LONG T I M E

F

PH.D.

tions can be undertaken in the near
future. Moreover, the remarkable
similarity of the conditions obtaining
at Walvis Bay and those along the
California coast, as described by
Sverre Petterssen1 and others, is sure
to be of interest to American meteorologists.
R E S U L T S OF A I R P L A N E

OBSERVATIONS

Altogether 27 flights were made between September 30 and November 4,
1939. A strut psychrometer was used
and the wet- and drybulb temperatures were evaluated for every 1000
foot level, the time of observation
being usually around 10 a.m., South
African standard time.
The table below contains the mean
values for the 27 flights of the pressure, the drybulb temperature, the
wetbulb temperature, the specific humidity and the relative humidity.
The humidities are given only up to
a height of 11,000 feet, because the
wetbulb temperatures were not considered to be reliable below the freezing
point.

T A B L E OF AVERAGE V A L U E S OF T E M P E R A T U R E S A N D H U M I D I T I E S AT
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Height
Feet
0
1000
2000
3000
4000
5000
6000
7000
8000
9000
10,000
11,000
12,000
13,000
14,000
15,000
16 000
17.000
18,000
19.000

Pressure
mbs
1017.3
981.2
946.3
912.6
880.8
849.9
820.1
791.3
763.6
736.6
710.4
685.4
660.7
636.6
613.4
590.8
568.9
547.7
527.0
505.4

Drybulb
°F
59.5
56.8
56.4
60.6
65.2
66.9
66.2
64.3
61.8
58.7
55.3
51.7
47.4
43.7
40.3
35.5
31.0
27.6
24.2
20.8

Wetbulb
°F
56.1
53.4
51.6
49.9
48.9
47.3
45.5
43.7
42.3
40.4
38.0
35.9

Spec. Hum. Rel. Hum.
g/kg
%
79.6
8.6
78.4
8.0
72.8
7.5
46.4
5.8
31.4
4.8
4.0
23.7
21.8
3.7
3.6
21.8
3.6
22 9
3.6
24.8
3.4
25.4
3.3
27.5
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The accompanying figure shows the
distribution of the average temperature and humidity together with the
corresponding curves presented by
Petterssen in the article referred to.
As will be seen the two sets of curves
show great similarity, which would
probably have been still more complete if Petterssen had also dealt with
average values instead of the results
of a single typical flight.

DISCUSSION

The most outstanding feature of
the temperature curve is the pronounced inversion, the temperature
attaining a minimum at B, about 1700
feet msl, and a maximum at C, on the
average at 5,000 feet. Although actual
measurements were not carried out,
other observations seem to indicate
that the inversion is more or less permanent throughout the year.
A bank of low-lying stratus or
stratocumulus covers Walvis Bay
nearly every night. Generally this
layer disappears an hour or two before midday, but over the sea it
often persists all day long, and with
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the wind blowing from the sea, W or
NW, the stratus clouds may also last
all day over the land although they
do not extend very far inland. The
formation of this layer of stratus
has been adequately discussed by
Petterssen for California, and with
the similarity of conditions, there is
no need to repeat that discussion.
However, in this connection Petterssen makes a statemennt which calls
for some critical observation. In
describing the part which radiation
plays in the maintenance of the temperature inversion, he says, inter
alia, "For extreme differences in water content, radiation from the cold
towards the warm air may occur".
If by these words is meant that heat
may actually be transferred by radiation from colder to warmer air,
then such a statement is obviously
erroneous, as it is in conflict with
the second law of thermodynamics.
However, his general argument is by
no means invalidated, because the
lower layer of air, by reason of its
greater water content and its resultant greater radiative power, may
actually lose more heat by radiation
than the upper layer of warmer air.
Convection currents cannot penetrate the highly stable inversion
layer, with the result that cumulus
clouds are entirely absent. As a
matter of fact, middle clouds between
4,000 and 12,000 feet are never observed at Walvis. The question thus
naturally arises: where does the rain
come from which sometimes does fall
over this arid region? The low stratus has a thickness generally ranging
from 500 to 1500 feet, and it rarely
happens that it is capable of causing
any precipitation. The fine drizzle,
which sometimes does fall from it, is
always too slight to be recorded by a
rain-gauge. The source of the rain is
the high altocumulus and altostratus,
which generally move westwards from
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the inland plateau. Altocumulus is
of frequent occurrence, and when it is
raining on the plateau these clouds
contain sufficient moisture to cause
light rains over the Namib. The only
measurable precipitation, therefore,
has its origin in the high clouds.
We thus see that the strong temperature inversion effectively prevents
the formation of ordinary cumulus
and cumulo-nimbus, that it severely
limits the vertical extent of the stratus clouds, and is the cause of the extremely small annual precipitation
along the west coast of Southern
Africa.
A study of the individual results revealed the fact that a close positive
correlation exists between the fluctuations of the inversion points B and C,
which seems to indicate that the layer
of warm air rises and falls when the
depth of the moist layer of sea-air increases or decreases. Furthermore,
the temperature fluctuations at the inversion point C are much more pronounced than the fluctuation in the
lower layer, which points towards the
inflow aloft of air from widely differing sources. Thus between the 2nd
and the 4th of November the continental north-easterly upper winds
were replaced by westerly and southwesterly winds with the result that a
drop of 20F° was recorded in the maximum inversion temperature. In spite
of these large temperature fluctuations aloft an inversion was recorded
during every single one of the 27
flights.
T H E PROBLEM OF T H E T E M P E R A T U R E
INVERSION

The temperature inversion along
our west coast and along the west
coasts of other continents is by no
means of a purely local character.
Thus Wagner ( 2 ), in discussing the
upper-air temperatures over the Atlantic in the light of the results ob-

tained on the Meteor
expedition
draws attention to the fact that temperature inversion is a permanent
feature of a very considerable part of
the Atlantic Ocean. In the results of
the Meteor expedition ( 3 ), since published, it will be found that temperature inversions are indeed of very frequent occurrence. Eight kite observations, taken along the 22nd Southern
parallel between 32° and 15° W, show
an average inversion temperature of
3°F.
Twelve further kite ascents
along the same parallel and between
15°W and 12°E, disclose an average
inversion of 10.5°F. These observations were made during July 1926.
The average inversion revealed by the
27 flights at Walvis Bay, which took
place at a different time of the year
was 14°F. These results show that
the inversion is much more pronounced over the eastern part of the
Atlantic; and further results obtained
by the Meteor indicate that the intensity of the inversion decreases
towards the equator, but again increases as one proceeds northward
from the equator.
Most meteorologists have in the
past ascribed the desert conditions
along the west coast of Southern
Africa to the presence of the cold Benguela Current which washes these
shores; but contrary to what one may
be liable to expect, the temperature
inversion is not primarily due to the
cold current. Presumably the Benguela Current does intensify the inversion and may thus be regarded as a
contributary cause towards the aridity
of the Namib, but it cannot be held
chiefly responsible.
In this communication it was intended to enter into a discussion of
the large-scale temperature inversion
over the Atlantic and the question
of the origin of the warm upper air.
That is much too wide a subject, but
one which certainly merits thorough
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investigation;* and it is to be hoped
that a series of upper-air observations
can be undertaken at a number of
points along the west coast of Southern Africa in the not too distant future so as to shed more light on one of
the main climatological problems in
this part of the world.f
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Africa.—In Nature, v. 145, p. 418,
the report for 1938 of the Director
of the British East African Meteorological Service, Mr. A. Walter, is
summarized: "There is much of interest both on the climatological and
synoptic sides in this report, and evidence that important contributions to
the understanding of meteorological
processes are being made. During
the course of the year the whole region, which includes Kenya, Tanganyika, Uganda and Zanzibar, has
been divided up into zones characterized by peculiarities in the seasonal
distribution of rainfall. Seven such
zones were found sufficient to cover
broadly the observed range of variation, and have been made the basis of
a division of the country into forecast
areas, which are shown on a map (p.
27). Both daily and weekly forecasts
have been appreciated by the resident
population and by visitors, an evidence of this interest being the suggestions received for increasing their
frequency and extending their range.
The weekly forecasts are based mainly
on the relative positions of the high-

(3). Wissenschaftliche Ergebnisse der
Deutschen Atlantischen Expedition, "Meteor", Band XV. [See
also the disc, of Meteor data by
H. Von Ficker, Die Passatinversion, Veroff. Met. Inst. Univ.
Berlin, v. I, No. 4; and W. Schnapauff, Unters. iX. d. Kalmenzone
des Atl. Oz., id, v. 2, no. 4.—Ed.~\
*This problem has been taken up in a series
of papers by von Ficker and his students,
Veroff. Met. Inst. Univ. Berlin, Vols. 1 and 2,
1936-38.—Ed.
fAerological observations have already been
made at Pretoria only, by A. F. Spilhaus,
Beitr. Phys. fr. Atmos.,
v. 24, pp. 228-230,
1937. These are the same soundings referred
to by Schumann in the "Report on the Lusaka
Conf. of the Regional Met. Comm. f o r Afrika,
1936." in I. M. O. Publ. 32.—Ed.

and low-pressure systems on either
side of the tropics and the probable
changes in the main wind currents
connected with them. They are described as an unqualified success, a
fact which is modestly explained as
being due to the circumstance that
the effects of high or low pressure
appearing off the west coast of Africa
are generally felt about a week later
in the tropical regions of East
Africa."
"Many planters have stated that
their work is planned in accordance
with the indications of the weekly
forecasts. Local eccentricities of response to general changes are, however, an obstable to accurate forecasting here as elsewhere, and it is
stated (p. 25) that small short-period
variations of pressure, temperature
and upper winds are showing a significance which would be considered
out of all proportion to their magnitude and duration in the meteorology
of temperate regions. This report deserves to be regarded as a model for
a young progressive meteorological
service in the tropics."
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