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that radiation, 1ike absorption and unlike reflection, is not a surface
phenomenon, but takes place from the whole body of matter in
question. In fact it is known that a stratum of any substance,
however slight its emissivity for particular radiations, will, if only
thick enough, behave exacily like a black body.*

It is to be noted that the suggestion that terrestrial radiation
depends more upon the relative than upon the absolute humidity
does not depend solely upon the ohservations of temperature cited
at the commencement of this paper. Some years ago I published
some results showing that under absolutely clear skies the air itself
seemed to cool more rapidly when the relative humidity was low
than when the dew-point was low.t Indeed no variation arising
out of the ahsolute humidity eould be detected with certainty. If,
then, we can accept it as proved that the solar radiation is abszorbed
In proportion to the absolute humidity alone, while terrestrial
radiation is absorbed in proportion to the relative humidity alone,
the protective value of the atmosphere appears in a much more
effective aspect. To start with, we shall have terrestrial radiation
(say, e.g., nocturnal cooling) proceeding more and more slowly as
the temperature falls, even though the dew-point fall as dew is
condensed out of the lower air. At high temperatures, under full
sunshine, the emission to space may, in some cases, be almost as
rapid as the reception of heat from the sun. At lower temperatures,
even with the same quantity of moisture, the emission may be
‘extremely slow. An elevated sheet of air containing a given
quantity of aqueous vapour at a given temperature may, on account
of a low absolute humidity, permit the solar radiation to pass with
comparative freedom, while on account of a high relative humidisy
the return terrestrial radiation might be effectually checked. In
this case the sheet of air does bear some analogy to the glass of a
greenhouse so dear to the heart of the orthodox meteorologist.
Should the temperature of the elevated sheet of air, however,
happen to be high, so that its relative bumidity is low, then the
analogy breaks down, for the terrestrial radiation is no longer
checked by it. By way of restoring the analogy, does a hot sheet
of glass absorb as much dark heat as a cold sheet?

* See P. G. Tait, ¢ Heat,” 1895, p. 262; J. Tyndall, * Heat a Mode of Metion,”
1880, p. 312. The former gives a mathematical demonstration.

J. R. Button, “ Aqueous Vapour and Temperature,” Symons’s Met, DMag., 1895,
vol. 80, p. 104. The matter is being re-examined.
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RESULTS OF FURTHER EXPERIMENTS ON TABLE
MOUNTAIN FOR ASCERTAINING THE AMOUNT

OF MOISTURE DEPOSITED FROM THE SOQUTH-
EAST CLOUDS.

By R. Marrors, Ph.D., M.A.
(Read March 29, 1905.
(Plate 1.)

Is will be remembered that about two years* ago T laid before
the Society the results of some observations on the amount of
moisture deposited from the south-east clouds on Table Mountain,
and that in summing up these results I stated “ that the ohject of
my work had been to ascertain more exacily the climatic conditions
under which the plants on the mountain existed. That side of the
question has been answered. Their summer is not dry. Their
climate is that of a Swamp—a permanent swamp in winter, a
Periodical swamp in summer, ywhich dries up during a long spell of
fine weather, but becomesdp; Az\ng wet during the days of the south-
east cloud. These Cr\esﬁf‘ts explain why such luxuriant and thickly-
set vegetation prevails’ on the upper parts of our mountains . . .
and why there are. little lakes, even late in summer, on the top of
Table Mountain, as well as close to the summit of Dutoit's Peak.
-+ . The purely meteorological side of the question T leave to others
for further investigation.”

The method employed consisted in keeping two 5-inch rain-gauges
on the top of the mountain—one of the ordinary kind, and the other
one swrmounted by a framework which carried an imitation bunch
of reeds 1 foot high. The quantities which T had obtained in my
measurements were, however, so large that they met with a con-
siderable amount of doubt, although I had taken special care to point

* R. Marloth, * Results of Experiments on Table Mountain for Ascertaining the

Amount of Moisture Deposited from the South-east Clouds (Trans. 8.A. Phil. Soc.
vol. xiv., p. 403, 1903). ,
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out that I did not look upon them as representing a corresponding
rainfall,

The main objection raised against the method of measurement
employed was that an isolated group of reeds might capture such a
quantity of moisture, but that others standing behind the firss one or
the first row would not be able to do so, owing to the front row acting
as a sereen and straining the moisture out of the passing cloud—
that, in fact, there would not have been sufficient moisture left to
supply the reeds in the rear.

The Society having decided that further experiments were desirablg, -
the Council requested me to undertake them, voting at the same time

the necessary funds for the acquisition of additional gauges. With
the help of some friends and the assistance of the ¢city water-engineer,
Mr. Wynne-Roberts, and a member of his staff, T was enabled to
continue the observations for two years; hence I think that it may
interest some members of the Society to hear what has been the
result of this work.

Before stating these results T should like to refer briefly to ths
main objection mentioned above, and to see what an amount of
moisture would be available in a south-east cloud. In order to
simplify the caleulations, I beg leave to employ metric measures,
and I shall put the height of the mountain, roughly, at 1,000 m.,
the exact figure being 1,082 m. The lower limit of the eloud varies,
of course, considerably; but it may be put at an average of 600 m.
above sea-level, which means that each layer of the cloud, from the
time it is formed until it reaches the summit, has to ascend 400 m.

As the air at the lower limit of the cloud is saturated with water
vapour, apart from the water in liquid form which is suspended in
the air and forms the eloud itself, and as such air with an initial
temperature of, say, 20° C. reduces its temperature by 0-44° C. for
every 100 m., the total decrease of temperature during the rising
from the 600- to the 1,000-m. level would be 1-79¢ (.

If the temperature of fully saturated air of 20° C. be reduced by
one degree, a condensation of 098 grammes of water will take place
in every cubic metre of such air; hence in our case 1-68 grammes of
additional water—above that which originally formed the eloud—
would be floating in every cubic metre of air on its arrival at the
eastern edge of the top of the mountain.

The velocity of the south-east wind has been found occasionally
to exceed 40 miles an hour; but let us take a velocity of 20 miles

* These calculations are based upon Hann's “ Lehrbuch der Meteorologie,”
pp. 240, 241. '
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only, which corresponds, roughly speaking, to 8 m. per sec. As
there are 3,600 seconds in an hour, a velocity of 8 m. per sec. m.eans
that during one hour 28,800 cub. m of air would pass successively
over the same surface of 1 square m.; and as each cubic me’.cre
of air is carrying 1'68 grammes of suspended water, the total quan.tlty
of it passing this area would be 48,384 grammes, a quantity which,
if deposited on an horizontal surface of 1 square m., would be
equal to 48 mm. of rain, or, in round figures, 2 inches per hou'r.

That is taking into consideration only a layer of air 1 m. thick;
but the cloud is often 100 or more metres thick, and as the masses
of cloud in their course over the mountain are hurled and whirled
about, any portion of the lower layer, that may have been de_prived of
its suspended moisture by the reeds, is constantly mixed with .fresh
masses from above, and there is evidently much more moisture
available than many miles of reeds ™ could ever capture. _

It is this large excess of condensed moisture which floats about in
the cloud in the form of small drops that accounts for the surprisingly
large deposit of water on the reeds and rocks and all othér obstacles
in their way. Not all clouds possess such a soaking effect. I h.m*e
sometimes spent many hours on the mountain in thick clouds with-
out finding any moisture on the bushes or any water in my gauges.
That is speeially the case during northerly winds; but when a real
south-easter blows things are quite different, and I am sure it would
simplify the discussion considerably, if some of the sceptics would
give me the pleasure of their company on such an occasion.

Such a cloud is really an intimate mixture of an ordinary cloud
with a very finely distributed rain in its initial stages, and as this
mass is moving with great velocity, the minute raindrops are not
allowed to fall, and are captured only when they come into contact
with a solid body.. _

Another objection against the method employed, and the con-
clusions drawn from the observations, has been laid hefore this
Society by Mr. Charles Stewart,t in a paper read in July, 1903, and

entitled “A Note on the Quantities given in Dr. Marloth’s Paper

on the Moisture Deposited from the South-east Clouds.”  Mr.
Stewart took considerable pains to calculate the total surface of the
vertical superstructure employed by me, and found that the vertical
“catchment area’ of the gauge, i.e., the surface of the framework,
reeds, and other parts amounted to 114 square inches, which is six
times as much as the horizontal area of the gauge. I am much

* I repeat the explanation on p. 404 of my previous paper, that these plants are

not real reeds, but resemble them only, belonging to the order Restionacece.
t Charles M. Stewart, B.Se., Trans. S.A. Phil. Soe., vol. xlv., p. 413, 1903.
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obliged to Mr. Stewart for this caleulation, for it enables those wha
are nob familiar with the internal condition and state of a south-east
cloud to recognise at a glance what an enormous surface a bunch of
reeds only one foot high exposes to the passing clond. When, how.
ever, Mr. Stewart goes a step further, and divides the total guantity
of moisture collected in the gauge by the number of vertical square
inches found by him, and gives the factor cbtained in this way as
the true deposit of moisture per square inch of the gauge, I fail to
comprehend his reasoning. .

My &-inch gauge carried twenty-four vertical wires and reeds,
corresponding to 176 reeds per square foot of ground. If we find
that a layer of water 1 inch thick has been deposited on a piece of
ground 1 square foot in extent, we must conclude that the plants

growing cn that patech have this quantity of water at their disposal, -

the usual losses, of course, being left out of account. What could it
magtter, as far as the recording of a quantity of water per square inch
is concerned, whether this water was collected directly from rain by
the horizontal surface of the ground or indirectly from the clouds
by means of the 176 vertical reeds standing on this area?

Thére are several other misunderstandings in Mr. Stewart’s paper

~ whieh would require adjustment, but I fear that this would take up
/) too much of the time of the Society.- I must, however, refer to a
“ source of error whizh has not been mentioned as yet.

During my earlier experiments I had assumed that the difference
between the records of the two gauges, viz,, the ordinary rain-gauge
and the reed-gange, represented only moisture captured by the reeds,
exclusive of all rain. From the daily readings of the gauges at the
Woodhead reservoir it is, however, apparent, that during rain the
gauge with the reeds collects much more water than the open one.
There is no uniform ratio between the two, the gauge with the

reeds showing during ordinary rain from three to four times as much -

as the cther one; but during “misty’ rain, when the open gauge
records sometimes only 1, or {4 of an inch, the capture of the
reeds was ten or even twelve times ag much.

This variation of the ratio shows how effective the vegetation is in
comparison with the bare ground or rocks in capturing moisture
apart from the real rain, but it will be impossible to ascertain exactly
how much be due to the one source and how much to the other. As
these experiments were never intended to give accurate quantitative
returns which could be entered alongside the rainfall records, but
merely to demonstrate that much more water was deposited on the
mountains than the ordinary rain-gauges indicated, especially in
summer, it will not matter if we exclude all the periods during which
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anv rain was recorded, and utilise for our purposes only those records
which are not affected by this error. .

The following Table gives a summary of the results for periods
daring which no rain was ohserved :— .

2 P06 T e
7o [ 1an

Woodhead Reservoir. Maclear's Beacon.

Als. 2,496 feet. Alt. 3,500 feet.

‘ —— g \

| menn ‘ﬁ;‘glfgg{ Inches. |I;,;13§;g-
];acember 1903. " 1:35 ‘ 8 — — Gauge standing in the open
January, 1904... ‘ 158 | 5 9-53 7
February, 1904. | 2718 | 6 4-56 9
March, 1904..... | 372 \ 7 50 5
January, 1905... | 3°14 12 - =
February, 1905. l 231 t 9 — | =

One of the special questions I wanted to decide in’ my recent
experiments was o ascertain, to what extent reeds and bushes were
sheltered by others standing in front of them. For this purpose I
had placed one gauge in the open as before, one in the midst o'f a
thicket of bushes 5 feet high, and one in the centre of a field of high
reeds, the upper surface of which was level with the top of the frame
of the gauge. The gauges near Maclear’s Beacon were read Weekly,',
and another one at a lower elevation, viz., in front of the caretaker’s
house at the Woodhead reservoir, daily, by Mr. Thorsen, who took
great interest in the work. The following table gives his obs.erva,-
tions for one month of each year, the other months being practically
of the same nature. ) '

We found that there was a considerable sereening effect exercised
by the outer rows of bushes and reeds, especially during short
periods of clouds, but that the quantity which did reach the she.l-
tered gauges during longer periods of south-east clouds was far in
excess of the total of the rainfall for the summer months. On an
average the gauge in the interior of the thicket of bus:'nes captured
about one-third of that in the open, while the gauge which was prac-
tically hidden in the reeds collected from one-fourth to one-eighth
of the amount recorded by the gauge in the open. ,

In connection therewith I may state, that T have checked these
figures on several occasions by ascertaining the yield of the gauges
during periods of one or two hours only. Sometimes even t¥1e gauge
in the open captured practically nothing from the passing mist, while
on other days one could watch the water dropping in.



on Friday, the 3rd of Mareh, I went up that afterncon to read them

‘in the open, for it was equal to 21-2 inches of rainfall, We may,
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Warer Cornecrap BY THE ORDINARY RAIN-GAUGES AND Gavggg
WITH REEDS ox TaBLE MouNTaIN.

Near _\-[acleu.r's‘
B ;

i Woodhead Reservoir, Alt. 2,496,
Py = :
Jﬂiﬁlﬁ'};{fém_ January, 1604, January, 1905,
o l % = |= e ’g . ' "
$|E 52|53 |5 IE |24
3 E 83 | £ | §3| Windand Weather. | S Lo Wind and Weather,
R(3 (82|35 |22 o | 22
=1 A -~ ] & |a—
N R o P G
sl o] PR HENY =S
1 W., fine 1'12 ' Strong S.E., misty
21061 475 053|237 | Rain during night Fine, 5.E.
3| N.W., cloudy Fine, N.W. )
4| 004 0012 | SE, misty 013 | Light S.E., mist during nigh
5| 002 | 8.E., slight mist | Light 5.E. :
6 10'04 440 SE., strong 0.24 | N.W., misty, cloudy  [nighy 3
7 S.E., strong 0451615 | N.W,, misty, rain during ¥
8 I I S.E., strong 010 | 089 W, misty, light showers &
9 | 070 1180 | N.W , rain during night! 044 | 1-580 | > Juisty,cloudy,lichtshowers .,
10 | 027 ‘ 3 ‘ N.W, rain during night 021 | 083 N 1 v, light showers
11 | 011125 NW., rain during night| , light, fine [ing night
12 1065 | 2062 | ooy | g2 Misty, clondy [ 0:31 ' N, light, misty, and S.Ib. dur. &
13 S.E., misty 0110 | S K., misty, clondy
14 0112 | S B, misty 057 | S E., misty, cloudy
15 | 001|102 SE. ne
16 002 'S, t
17 J 003 810 ‘ S.E., light
18 PN light e , fine
19 | 097 | ST, Tufsiy 002 | N.W., moderate
20 | 001217 |S.E, misty and cloudy S.E, fine
21 045 | S.E.. misty and cloudy S.E., fine 8
22 Fine 0-15 | S.E., fine, misty during night
23 N.W., fine 025 |S.E., misty during night
24 9+55 5.W., fine 003 | 0440 | S.E., misty, cloudy, slight rain
2 | S fing (night| | "SF‘ cloudy
T 28 | 009|015 | N.W., light rain during| 001 | 141 | S E., misty, cloudy
o7 | N.W. eloudy " 015 | 8.E., slight miss =
95 | 011 085 N, light and cloudy 003 (S.E. fine _ [night
29 S.E. 021 | 1'36 | 8.E., misty, slight rain during
-30 5.5, 002 8.1, fine
3 0+15 SE. ’ 3.1, fine
|
1586,

TJS.J 144 ‘ 4842 1 1-83 [13'73‘ 145 |

It had been my intention to include all these figures in this paper, . R
when a period of south-eass clouds of unusual duration and vehe-
mence rendered this quite unnecessary. You will no doubt remember
that at the end of February and the beginning of this month a violent -
South-east storm raged throughout South Afriea for nearly a week. |
There were abundant rains in all the eastern, southern, and central ;
parts of the Colony, as is usual during such a severe 8.E. wind, but
no rain of any significance fel] during that time on the Peninsula or
In its neighbourhood. The gauges had been read on Saturday, the
25th of February, and, noticing some signs of a change of weather

‘West, Newman proc.

) 3 JRMANENCE TO
tHE LAKE ON THE TOP OF TABLE MOUNTAIN WHICH OWES ITS PERMANE
THE S.E. CLOUDS.

again, although the storm was sti]] raging with unabated vigour.
T am almost afraid of stating what I found in the gauge standing
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~wever, leave this figure out of account altogether, for the gauge
hich was practically hidden in the reeds, just as if it were standing
‘the midst of a luxuriant cornfield, showed 61 inches of moisture,
ad that for a period of six days, during which the ordinary rain-
ange ab Maclear’s Beacon recorded 0-15 inches of rain. I think it
be admitted that there are no other figures wanted. Asa matter
of fnct, for any one who visited the mountain on that day or soon
rwards no figures were necessary at all to convinee him of the
snormous quantity of water which this south-easter had left on the
ountain.
The upper plateau was practically a swamp from one end to the
her ; everywhere one met with pools of water; the little lake on
he top had double the size and depth it usually possesses at the end
of the summer, and the few late blooms of the gorgeous Disa unifiora,
which I found in the fir-tree valley, were parily submerged on the
rders of the swollen stream. And there had been no rain worth
mentioning for 23 days. _
As stated in my previous paper, I do not look upon these figures
8 being equivalent to records of rainfall as far as the general water
supply of the streams is concerned, for during rain a greab deal of
water runs off from the bare rocks and reaches the streams imme-
tely, while this moisture is captured only where sufficient vegetation
sts, which, on the other hand, retains a large proportion of it in the
ongy root work. Yet observations and gaugings made at some of
ur larger mountain streams have shown, that & considerahle rise of
the rivers may be effected by a long-continued south-east wind,
lthough no rain had fallen in the catchment area. .
“ There can be no question that the vegetation of our mountains is
\ very important factor in the regulation of the water supply of the
8prings and streams, and that this influence is exerted in two ways.
Firstly, by capturing a not inconsiderable amount of moisture from the
outh-east clouds, which would escape if the mountains were formed
Y bare rocks only; and, secondly, by protecting the water which has
cumulated in the soil and the rocks against the sun and consequent
Pid evaporation. With regard to the loss due to evaporation I may
allowed to mention the experience of the Cape Orchard Company
t Hex River,
]¥I1‘- Dicey has kindly informed me, that the mountain stream,
-Which the Company uses for driving their Pelton wheel, gives them
Summer 60 horse-power, but that on bright days the quantity of
ater in the stream generally decreases so much that about 2 p.m.
hEy_ ¢annot obtain more than 55 or 54 horse-power. Towards even-
8 1t rises again and regains its full force by 11 p.m.
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A much ici A
R uch more .drastm illustration of the protective influence of
Of%e atlon was given, however, last year, when on the 13th ang 14
& feo;a}:nber a_mountaiu fire destroyed the grass and bushes i E:
thec:« t‘lom which tl'}elr supply is drawn, and when three days i

stream had dwindled down to such an extent, that it coul 3
produce more than 20 horse-power ' , .

E i . . E
eﬁﬁg\;enf 1fhone shou%d ngt sufficiently realise the moisture-cateh
oee o ; & vegelation, its protective function and preserving inﬂ

on wne water supply of the mountains e: 3

3 ains cannot be over-estimated

Iz:ld I'trust that the authorities as well as private owners 11'1

&ncogmfse, more readily than is being done at present, the imp{;x
ce of preserving and ev s eri

s g even nursing the plant covering of :

rvations o1 their oceurrence on the Zwartebergen, kindly made
\ my request by thu_a Bev. J _ Whaits at Prince Albert during the
smmer of 1904 This list will show how numerous the cloudy days
“on those mountains, and of what importance these clouds must
0 the water supply of the streams rising in these and other
ges of South-Western Alfrica.
§ is interesting to see that a view quite similar to that which
‘hold concerning the important function of the vegetation on our
- antains in connection with the water supply of the springs has heen
essed by such an eminent authority as Professor Cleveland Abbe,
‘the Weather Bureau of the United States Department of Agricul-
with regard to the Island of Ascension. The principal water
pply of the Naval Station on the island comes from the summit of
Green Mountain, which is several miles away. The upper portion
the mountain is covered with vegetation, and mearly all the water
the summit comes from slight showers and the steady dripping
om trees which are enveloped in the clouds. These trees simply
mechanically collect the water-drops which are produced from the

.‘ e’

RE b ad ;
CORD OF SOLTH-D;\ST Croups ox THE ZWARTEBERGEN AE‘;
1
SEEN FROM THE iILLAGE or PRINCE :‘lLBERT.

By Joax H. Waarrs,

1903,
1903,
1904,
R T condensation of the water vapour in the ascending cooling air.
ET ine 5 . . . .
2| lfire?xﬁﬁn December ; Evening January 30| All day _I!l conclusion, I wish to peint out once more, that I do not consider
i | %11 day |5 days absent 51 ” the measurements given in these communications to represent real
5 Mering i% Evening | popryary 1 ainfall. In my previous paper a quantity of 75 inches was men-
1 26 5 & 5
E Evening {5 days absent A 7 3 fioned for a certain period, and the Table on page 102 of this paper
14| Mothing g% Evening |° days ﬂbseflg Bl ows a record of 48 inches for one month. Even if we discard
éa o §laps absent » wl o, 5 90 per cent. of these quantities, the remaining one-tenth is still so
3 davs Hiny 18 w4 gely in excess of the rainfall recorded in the ordinary gauge, that
¥s absent 20 | Evening . ¥ BaNSE
24| Morning |7 21 | Morning think even the most sceptical critic will recognise, that this quan-
5d 28 | Evening 1804, 22 | Allday ity of water, gathered during the dry season of the vear, must
ays absent . a3 . ) ' 8 ered during Yy 8€s year, m
ot | 4 o4 " exercise a considerable influence on the vegetation of the moun-
‘ember t. & evn.| January 1 renine 25 ’ in i
1§ Woining ¥ 1 Evening - - s, as well as on the springs.
Evening 3| a1 ’(i 97 *
Fs {Ly 1
12| All day 4| Bveming 28| o
13 i 5 29
14 . 6 n %
15 | Morning 7 "
n M
16| All day 12| Aft. &evn T ; All day
19 | Aft. & evn.| 6 days absent p x n
522% Evening 21 | Evening 4 1
2| All day 29 ° )
23 | Aft. & evn. 25 R g 1
26 | ani 2% . 12 .
£ I&ﬂ.y 27 i, 17
30 | Aft. &evn. 28 ik ig ”
1
1

. in order to show over what a large portion of South Africa the
influence of the south-east clouds asserts itself, T give o list of



