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the Capture of Fog Particles by a Forest (1)
By Hirobumi OURA

The ameunts of for water entoring and leaving the forest in a hovizonial
direation were meastred by the ase of vertizal wire sereens sof in Tront of and
in the rear of the forest, » ciively, while that carvied ints the forest in a
downward direction was determined by moking use of 8 horizonial sereen set
above the tree crowns which was ftted with a mosquite curtain bung from iz
frams,

Three kinds of forests were compared with one another in respect of the capa-
bitity of eapturing for partivles.  The mast effective forest was found o be the
one grown comparatively spargely with needle-leaved trees having no lower heane
The forest next o this was thickly grown with needle-lonved trees with dense
lower branches, and the last one was that which conglsted of necdle-lesved trees
mixed with broad-leaved and whose density wag intermediite between those of
the other two.

t was Turther assertained that the front surface of the forest was about thres
thnew as effeetive e the top surface
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1, Introduction

The capture of fog particles by the forest near the coast
performs an Important funetion in protecting the land against
the invasion of sea fogs,

1t has been pointed out by many observers that the amount
of fog water eaught hy the forest is not at zll negligible,
Morloth (1] noted that the forest on the summit of Toble Mountain
near Cepe Ton grew luxuriantly without any rain but solely
with fog, and vsing his ingtrument “Nebelftdnger” (a rain gauge
with a bundle of grasses which was enclosed with metal gauze
and #o arranged that the fog deposited on it wouild run into
the gauge: he agseertained that the forest arrested a number
of fog particies even when none was eollected on the ground,

for one vear in the forest of Picen af Frankfurt on Main in-
dicated the amount of water about twice a3 much a5 in the
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open, and used after Siring the term “horizontaler Niedep-
schiag” for the precipitation eaused by the presence of the
forest, Bimilarly he observed, from four vears' records at 2EG0
£t elevation in the Pewnus Mountaing, where there are somo
200 foggy days each vear, that the rain gauge caught near the
edge of the forest the amount of water averasging 157% of
thal in the open, and toward the interior 123%. The maxima
were 200 and 200%, respectively, More rvecently, IHebwmann
13} also emphasized. through bis experience st Mt, Hrocken, the
importance of the precipitation of fog within the forest as
the source of water in the district, {As to the work by Rubner
(4% see “General Survey” written by Yowidos

Now, in order to inguire into the fog-preventing function
of a forest in the case of sea fogs, in which we are interested,
we have tried to determine the amount of fog water captured
by the forest by messuring the amount of fog entering the
forest, on the one hand, and that leaving it, on the other hand,
at the same time to see how the capturing funstion depends
on the structure of the forest, It is to be assumed that at
the windward margin of the forest there exist anly fogs that
enter the forest, since the windward component of turhulent
motion of alr does not exceed the mean wind veloeity, At the
leeward margin there exist, for the same reason, only fogs that
ezeape from the forest, As vegards the u nper surface of the
forest, we have o tuke into aceount both the infow and outiiow
of fogs, because there comes the vertical eom vonent of {urbu-
lent meotion inte guestion,

Aside from the direet measurement, in which we were
engaged and which we shall deseribe in detall below, the
amounts of inflow and cutflow at the marging can he determined,
if the wind velocity snd the fog water content in unit volume
are known, while those at the upper surfase can be calenlatad
with the heln of the expression
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where

K eddy diffusivity
¢ Hguid water content of fog in unit volume of air:
vertieal coordinate divecting upward
falling velosity of a particle with radius »:
numher of fog particles with radius » In unit volume
of air,
The first term represents the turbulent diffusion and the
second term the falling effect of fog particles.  Accordingly,
if we can sbtain the amounts of A, ¢, w, and fir) experimentaliy,
we zhall be able o caleulate the net amount of inflow through
the upper surface of the forest, Tabate and others [5] carried
out the measurement along this lne, and their results were
compared with these obtained from our direet measurement,
g tolerable agreement having heen found.

From our experiments it was also observed that the amount
of captured fog was lavrgely affected by the conditions of the
forest sueh as thickness or kind of trees,

£2. Experimental Method

Principie of measurement: Supposz that the Iorest is
completely enclosed with an Imagingry surface ag shown by
hroken lines in Fig. 1. The turbulent alr carries fog particles
in or out through thiz surface, Thus the difference hetween
the: amount .of  foz water
carried in (M) and that cax-
ried out (N7 éan be regarded:
as the amouni catght by
the forest, In fronf of the
forest, whare N{), a recian-
gular wire gereen (IFig.Zdy
was set vertically and the
fog particles eanght by it were collected into a sell-recording
rain gauge, The ameunt of coliceted water is given by the

produst 1 fwind velocity)« (liquid water content of fogy = {area

N M
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of the sereenw ‘eollecting efficiency of the gereen). In order
0 estimate the effective height of the forest, the stream
lines of wind weore traced by the use of smoeke or a small
balloon with ne buoyaney carried freely by the wind, ‘The
Fame sttt of mesasurement was also made on the leeward
side of the forest,

The values of A7 and M+ N, from which the amount i1 N
entering the forest from above can be computed, were obitgined
in the following way. A pair of wire sereens was vlaced hoyi.
zontaily above the forest, one for M +¥ and the other for
M. The one for 37 +N wss a single screen, which had no pref-
erence between upward and downward motions of furbulent
air. The one for M was of such a eonstrvetion that it kept
the for particies moving upwards from arriving at the screen:
namely, it was fitted with 4 small ordinary mosquito curtain
hung down from the frame holding the wire screen (Fig, 20,
The fog water collected by each of the gereens was led sepa-
rately to the sali-recording saupos vlaced on the ground.
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Fig. 2. Horizontai znd vertical wire Birenky,
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The vicinity of X, was 3}
cirele of radivg 10m, or 6.1%
no lower hranches, their he
were set al the haipht
were within a cirele of prading seventy peedle-leaved and
fifteen broad-icaved trecs 097 tree per Inc— and the hejght
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broad-leaved trees spread thejr branches extensively at their
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Apparatus:  We made our recording spparatus
for use in wet sex fogs, which frequent ¥ oappear at
seacoast of Hokloido,  Extremely good sensitivit
needed, sinee it was only necessary to est
amaount c}-f ‘ﬁw i(}Z ,.dt‘ev canmrcd by ﬂh, :

The zize of the vert?cai gereen was 907 \'QU xcmf and it w
set in such a manner that fs disgonal line becsme vertic
imee Fig, 2dY. There were two conduits ;I ong the lower sides
of the rectangular net, and the fog water colfoectad by them
was fed throoegh s rubher tube to = self-recording rain gaugo,
The inside diametor of the robber tube was 94 T,

The horizontal sereen was of ziezag form with five vall
as shown in Flg, 2 ia, b, e its effecfive area heing 40
817em®  The angle of inclination of each constifuent net io
the horizontsl plane was B0°.  Onee the screen was weattad,
water drops scarcely fell out of if, inasmuch s the thickness
of the wire, the number of meshes, and the snele of inclination
of the constituent net had besn s chosen as to prevent water
from dropping out of the net. To the botiem of esch valley
a guide plate made of galvanized jvon ha ng the shape of
obifuse-angled isosceles friangle was attached for guiding the
water 10 a conduit placed just beneath the two equal sides
of the guide plate. The water flowing vut of each condai*
was colleeted by means of sn squeduct set across under the
conduits and was led to the self- -recording rain gauge,

The cloth of the mosquito curtain to be hung from the frams

of the sereen was made of hemyp yarn and had o lenpth of

3 5

about 135 em and meshes of 25 per 2om,

ovs
q

Sinee the mean running distance of water drops slipping
down the net is ebout 20 em for the vertical and about 5em
for the horizontal sereen, the time lag resulting theraefrom ix
rather triviel, as compared with the time interval in which
the water dmm grow to such an extent that they start siip-

e 25 r:ei" Fem
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ping down., This largely depends on the conditions of foggy
wind ; naturaliy, the thinner the fog, the larger Is the time
econstant, the time reguired for the fog to saturate the screen,
In the actual oheservation the time congtant was sometimes
found te be as long as several hours,

’1‘§x9 capburing csemczen% of the sereen, defined as the ratio.

of the: ammmt of f&g wa‘&e}: caught hy the. streed to that passing -

aoposs the hrea’ eovered by the gereen,” was determined ex-
perimentally by blowing known amount of artificial fogs against
the gereen completely wetted beforehand. It eame out 6.40
for the wind veloelty v—0/7Tm/sec, 0,45 for »=2~~3m/sec and
4.5 for veb~fBmisec, Since in most cases of cur ebservation
¥ was about 3m/sec, we assumed a3 the capturing coeffcient
the value 0,45, apart from the ecorrections o be mentioned
below. Here it ig also assumed that the capiuring coefilelent
is approximately independent of the direetion of wind.

In the estimation of capturing coeflicient, we must further
take aceount of the fact that the stream lines of wind gradually
spread out as they get near the screen, or, in other words,
the flux of wind aeross unit effective ares of the screen be-
comes smaller. We placed in the wind fow & square screen
{with or without mesquito curtain), whose linear dimension was
half that of the sereen actually used in the fleld observation,
and made the wind veloelty twice as large as that most fre-
quently observed in the field, namely 6 misec {according to
Reynolds' law of gimilarity). The plane of the sereen was made
inciined to the wind direction at various angles (from 20° to
90°%.  The stream lines were visualized by floating streamers
of fine silx threads properly arrayed in the current of air.,.
In this way, we found that the flux of wind across unit eifective
area was reduced, owing to the presence of the screen with

{or without} eurtain, to 0.67 {or .73),% whiech is to be regarded

8 the cmwatmn f@( tor for obtaining ihe frue: oaptasrmg enol-

‘m duw' s mtn uf the flux of wind was Tound fo be approximately

mdependent of the Inclination.
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ficlent.. We get thu
U083 for vertical sereen,
(.33 for horizontal screen without curtain,
(l,u{; for borizental sereen with eurtain,
Practieally, we may well use the wme 173 as the capturing
coefiicient for any kind of tbe screen.’

Finally, it is to0 be remarked that, in spite of the large
storage eapaeity of the sereen and hen ce Its large time eon-
stant in the actual observation, the ev aperation of water while
retained om the zercen could he neglected, since our ohservation
was matde ab midnight so that the Togey air was saturated with
water vapor,

$3, Experimental Results

We knew by experience that the hor ‘tzontal sereens vielded
from time to time, especially when the wind was strong, some
intricate or aven contradictory results, such that the amount
of fop water M {entering the foresty came out less than the
amount N {eaving the forest. Thisis, in ail prabability, due
to the xmperfeﬁetmz: In the structure of our apparatus; namely,
the guide plates attached to the botiom of the horizontal screen
must have eavtured an exee zaive amount of fog particles when
the mosguito curtain was absent, For this reason, and further
in view of the faet that, aside irom the above-mentioned
exeeptional cases, the amount N at X, X, and X, was in general
negligibly small, we made use chiefly of the data obtained by
the sereen fiited mtu curtain. Expressed in other w ards, we
assumed that the fog particles carvied in from above the forest
was completely captured by the forest,

“In: the interpretation of the data’if way. naturally of, gre&f
Ampsrt igp i En r}mtmwu sh. mg Imm rain, . Ax the mark on'the
shounda; ¥ %mts\{rzn mm and to 25 xae, trzke fm radiug of water

* Ve mavbnun ereor inherent in the Fain gauge was Fiigs which B equivalent
M the erpor of G 0gm? in the amount of eaptared for water,
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droplet: r=0.08 mm or the. falling veloeity w, Irmfsee which
corvesponds. to dilzzie. - Let the veloeity of wind be denoted
by emisée, then the ratio of the amount of water draplets
passing through unit vertieal area V to that passing through
unit horizontal area H is equal fo v, provided the droplet
size is considered uniform. We thus diseriminate, ag a rough
approximation, between rain and fog aceording to the relations

Vid v (w214 rain,

ViHezp (w51 drizsde,

ViHzv w1y fog.
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Putting together all the data obtained from a long series
of measurements, we get the diagrammatic representation in
Fig. 10, Here, the amounts of fog water entering the forest
from above the erowns at X, X, and X, and that passing
through the horizontal sereen at A4, downwards are plotted
agalnst YV/H, the values at X, being taken as unity throughout,
The dots are so widely spread that it sessns impossibie to draw
any signifieant conclugion. But, on eareful Inspection, it will
he found that there is a general tendency that the amount
of fog earvied downwards {relative to the amount at X, de-
ereases with increasing V/H, and that the rate of decresse
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varies in the order X.» A4, > X, > X, (It must be noticed that
the amount of for water carried upwards at 4, has not heen
taken into aceount, so thati the net amount carried downwards
must be miuch smalier, This point will be dizeussed in detall
in the following paper)) Excuding 4, in which we are not
interested for the moment, we pet the order X.-
expressed In words, the forest grown comparatively sparsely
with needle-leaved frees proved to he more effective in cap-
turing fog particles than the forest thickly wooded, which in
its turn was found to be more effective than the forest composed
of needle- as well as broad-leaved trees with medium density.
it must however be noted that earefu! and thersughgoing
examination i necessary before we can arrive at final eon-
clusion as to the dependency of fog-capturing efficiency on the
eharacteristics of the forest. We are planning on taking up
‘microgeopic’ study of the forest in thiz respeect,

The ahsciute amoeont of fop water esrried into the forest
from above the erowns ranged from scores to hundreds of gon'
hour Tor fogs with Houid water eontents of several hundred
mp/m®,  {in the region where ViH is less than unity the amount
of eaptured fog water increases so rapidly that it exceeds
sometimes L000g/m - hourt Some examples of aetual data are
given in Table 1. The observed values are in harmony with
those derived from the measurements of K and dyidz {see [5].
Aceording to the theory of Fukufomi [T], on the other hand, we
can roughly estimate the value of e'¢ by assuming p == 0.005m ™
{the rate at which the foy water content ahove the forest
diminishes in the leeward direction}, s==75m (thickness of
turbulent layer), snd v hmisec:

el = B 1B 0006 = 0.2 (giny e = 0.7 < 10 g/m® hour)

Thus we get the value that alse accords with the shove-
mentioned value,

It may be worth noticing here that the evaluation of K
out of the data of ocur own and thoese due (o other research
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Tamre L.

v Amount of Tog water caught Ly the forsst per wnit area
of itg upper surface {g'm® hourd;
¢! Fog water conmtent {g/m%:
eipr Amount of fog water to be captured for unil fop waler
eotitent {s/howd
w1 Mean wind velocity fmisech
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workers eoncerned in the measarement of de/ds always yielded
the value of the order 14" emisec,

MNext we consider the question as to the amount of fog
entering the forest st its front surface and that eseaping
the forest at ils back surface.  As ean essily be figpured out
and also as the setual observation by the use of smoke ax
floating balloon revesled, the wind coming across the forest
alters its course more or lesg to the upward direction, while
the wind that has traveled over the tree crowns makes an
abrupt turn to the downward direction at the rear edge of
the forest. 1t was estimated that the fog particles are ef-
fectively carrvied into the forest and thereby ecaptured when
they have been carried by wind within the region up to
3m above the ground before they come across the forest.
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Supposing that the fop water countent increases inearly with
height and using the data obtained with the vertical sereen
set in front of the forest, we came to the findding that for the
fog whose V/H was about 30 the effect of the frontal surfaes
of the forest was equivalent to that of the upper surface of
the forest with about 2 times us much depnth as iig heighs,
The same sort of consideration yielded the resuit that the
amount of fog water escaping from the forest st itg hack
surface was about one twentieth of that entering at the front.

The author wishes to express his gratitude to Prof, K, Aoki,
Mr. J. Shinosaki and Mr., 7. Terwnoto for valushle advices, en-
couragement and kind ecooperation. He is alto indebted fo
Prof. Z. Yeside for many helpfol discussiong and suggestions,
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