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We have collected and analyzed fogwater 0n the

m0untainside of Mt. oYama (1252 m) in the Tanzawa

Mountains of Japan and observed the fog event frequency

{rom the base of the mountain with a video camera The

tog event frequency increased with elevation and was

obierved to be present 46% of the year at the summit. The

water deposition via throughfall increased with elevation

because 0f the ifcrease in fogwater intercepti0n and was

about twice that via rain at the sumnit, where the air

pollutant depositi0n via throughfall was several times that

via rainwater. The dry deposition and the deposition via

fogwater were d0minant factors in the total ion deposition

at high elevation sites. ln a fog event, nitric acid, the

majoi acid comp0nent on the mountain, is formed during

the transport of the air mass from the base of the mountain

along the mountainside, where gases including nitric

acid deposit and are scavenged by fogwater. Therefore,

high acidity caused by nitric acid and relalively low ion strength

are observed in the f0gwater at high elevation sites.

lntroduction

Forest decline is an important environmental problem having

a long-term eflect. Acid depositioD llas been implicated as

one of the causal factors of the crown thinning of No 'a'v
snrrrce and silver lir in rrriddlp and rorlhern FuropP ' / I and

ric declirrc of red roruce in nortlter n ,\mcrica rZl, altlturlgh

ozone exposure, drought, multiple stress, etc ale also other

possible causes ol the decline (3) Forest decline is also

observed in East Asia, lapan ('1)' and Cllina (5) The

acidification of soil causes thc forest decline (6) of course,

l)lr( li)rcsl (l('clinc has nort sprcacl to areas olher than thc

acidified soil rcgiotrs. 'l llc clircct effect of icid deposilion on

plants is also inportant, bttt it occurs onl,v rvheD llle pl I is
iess than 3 (4. The pH of precipitation is normallY betNeen

4 and 6, aDdacid rainwitll apH below3 is a rare case around

the \a,orld (B). Hou'ever, the acidity offogrvater is much gleater

than that of rainwater bccause air polluiants are nore
concentrated in fogwater than in rainrvater {9)' and highlv
acidified fogwater is obsen'ed all over the worid (10) The

deoo'itionialogwalerisgrcal in molllllal r\idefore'l\ //)
ind Ihe cllecl ol Jcid log on tlre decltne of higlr cleration

forest may be large.

We have observed acid fog at the midslope of Mt Ol'ama,

about 50 km \^test-soutllvest ofTokyo' since l9BB and have
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191..1.1 5. r'nrrrl: rBiwdm0l.nk!'dga$c u a' p
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reported that the acid fog frequenllv occurs at this location
(]2 ;,+).ThebaseolthemountainissituatedalonBthepath
of the sea and land breezes bet\'veen Sagami Bay and lhe

Kanto Plains, which is the largest source ofair pollutanls in

lapan. Fog events occur at Mt. oyama when the valley lvind

blbrvs and the relative humidity is high at the base of the
mountain. There arc many dying fir ttees at over 700 m

elevation on Mt. Oyama (4), but the soil is not acidified in
this region (./O.

For the estin]ation of the effect of fo$vater on the forest

trees on a mountainside, it is inlportant to determine the

deposjtion of aii pollutants via fo$^fater on the canopies'
Llowever, ficld obsen aliorl over a long ternl is (iiffictllt' and

the chenristry of acid fog has been rcported ior limited sites

and periods (16 /9). \\Ie have collected fo6avater and

determined the chentical composition of the samples

obtained on the mountainside and the sumnlit ofN{t. Oyama

in the Tanza\,r'a Mountains of japan, and we have observed

the fog from the base of the mountain using a !'ideo camera

This paper reporls the following detailed characte stics

ofthe fogon a mountain forest: (i) the observations ofthe
fog eveni frequency tlsinfi a sensilive udeo camera for the

firit time as a function of elevation, (ii) the hiBh acidiry of
fo${ater obsen'ed at a high elevation site, (iii) the lar8e

deposition flux of air poilutants via fogt'ater and others-at
high elevation sites, and (iv) the comparison of the throughfall
co-mposition in fog events $rithout rain and that strongly
affected by rainwaler observed in a lyphoon.

[xperimental Section

Since JLrly l9BB, we havc collected fog samples using an

automatic string-\De collector with a refrigerator to store

the fog sarDples and a tinle recordel at 680 m elevation on
Mt. Oyama. The collector was a CALTECH-tlpe active

collector {20): air was aspirated through the duct at a rate

of34m:rntin I (9.6lns r),thedianleterofeach'leflonstring

lvas 0.40 mm, and fog droplets in the range of 3 100//m

dianleler \\'ere efficiently collected The collector was acti

vated by a sensor only when fog rvas present. Fogwater

collected on the strings llorvs do$n to Teflon bottles in the

rcfriBerator, and 50-60 mL ofthe iogurater samples was stored

in eich bottle from the beginning of a fog event {12) The

ljquid u'ater content (LWC) of fog droplets can be calculated

bv aifictlng llre \ PiEll( nl Ihe \anrPle ill llle bolll" b! bolh
rhe volunte of rhP il.niralcd ilir b! lhe r ollcclor durine lhe

collectioD period of the samplc and the collection efficiency
olthe coll.'ctor (20). l'h("Ieflon strings were rinsed lvith ptlre

\\rater every weck jttst al\er collectillg tire sampies 'lhe

schcrnaljc diagram of thc collector is shown in l:igttre l'
During August 24 September 6' l99B (calied the l99B

sulnmer campaign), we collecled samplcs not only at 680'm

elevation but also at thc sumnlit at 1252 m' \,here we rtsed

a string ry?e active collector and manLrally changed the

sampljbotlles. Rain samples in open spaces and throughfall

samples under cedar trees havc also been collected at lbur
sites for several years. At 680 m' one tain sample and four

throughfall sanrples have beelr collected every week The

samples have also been collected at 500' 890' and 1252 m;

one rain sample and one throughfall sample have been

collected at each site every moDdl. ln the 1998 summer

campaign, arainsample ancl four throughfail samples at6B0

m aid i rain sample ancl nvo throughfall sampies at the

summil were collected every 12 h. Cedar and fir tlees are the
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FIGURE 1. Fog sampler.

donrinant conifcr trees on NIt. Oyama, but the data for
tlrroughfalluDder tlte cedar trees \\'ere uscd instead oltltose
under fir trees in this investigation becaLtse cedar trees are
widel)'dist.iLruted on Mt. Oyana, alld thcy are not dedining.
I Ire rain arrrl Illrougltlirll colll1 lors \!elF corrrpu.,.d ot 

-a

funnel, a poil,propylcne bottle, and a illter holder rvith a
1.2-tm pore size nlembrane filrer (Millipore RA\,VP04700)
n]ounted between the funnel and the bottle as repofted earlier
{21). Each apparatus v/as rinsed with purc ra/ater just alier
collecting the sample. Aerosols and gases (SOr, HN03, HCl,
and NH3) u'ere also obsened at the 680-m sampling station.
A lo\1-volume air.arnplcr .Nippon KitakL Koglo. Lrd., rnodcl
9023) equipped rvith a silica fiber filter (Advantcc, Co., eR
100,55 mm diameter) was used for thc collection ofaerosols
smaller than 7.07/nt in particle diameterat a punping rate
of I5 I nrin i. lltegdsesrve,ccollpcredbyrhefiltcrrnerlrod
(22, 23) at a pumping rate of 2 L min r. In the 1998 sumtner
campaign, acrosol and gas samples were collected everl, 12
h at thc 680-rn sampling station and at the summit.After the
sanple collection, the filters were irradiated with ulti.asonic
waves jD pure water to dissolve water-soluble components
in the aerosol and the gaseous contponents, wirich were
trapped on the fllters. The details of the santpling metltod
arc de,crihed in previou. papet\ t12 t4..

The pH, conductivitv, aDd conccntrations of the major
ions (Cl-, NO: , SO.1'z , Na+, K+, Ca} , Mgr+, and NH.r+) in the
fog, rain, throughfall, and aerosol samples lvere measured_
The charge balance was cxamined after the determiDation,
and the data whose cation and anion ratios were larger than
1.5 or smaller than ftvo-thirds were excluded in the analvsis
ol loB cllcn)i)lr). For lhe analy.is olgJ\eous.o,npon",,r',
Cl , NO3-, SOr2 , and NH,r- $'ere detcrmined- The pFI and
the conductivity l\,erc measurcd \{iLlt a Toa Electronics I{NI
605 pH meter and a Kyoto Eiectronics CIVI- l l7 conducti\.iry
meter, rc\lecrivel\. I lle ar)ions Nl-re der-rnrincd Lrv a L..rrunpi
DX- 100 ion cllonrarograplr rri rh I column ol Diorier lorrpac
AS I2A. The cations, other than protons, were determined by
a Dionex DX 100 ion chromatograph $,ith a column ofDiollex
IonPac CSl2. The determined values were corrected by the
measured blank values of the lilters.

The air pollution and the meteorological plteDomena were
measured at a meteoroiogical statiol1 (thc citv hall oflseha.a
silualed JI rhc ba\e of Mt. Ovamar by tlre fur pre:ervalion
Section of Kanagalla Prefecture. The temperature, relative
humidiw, and concentratjon of suspended particulate matter
(SPM) were measured at the city hall, and we used these data
in this pape..

For obseftatioD of the fog frequcncy, Mt. Oyama was
obseNed using a night-vie\ .video camera (Litton Systems,
Inc., Intelli\.u IV,2400) from rhe base (rhe roofoflsehara CitV
Halll, a nd imaBe. w cre r ccordpd e\ cn hourorr a digiralrrili-
recorder (Sony Co., DKR-700). The alrirude of the fog base
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FIGUBE2. Etfect ol a e rosol con ce ntration atthe base ofthe mountain
at fog base ahitude (FBA). FBA""rcd is the FBA calculaled by the
lollowing equation: FBA {m) : 125 x {I0 - &) + lh, where f0 and
4 are the temperature (.C) and dew point {.C}, respectively, at the
meteorological station at the base olthe mountain;125 isthe constanl
(m/'C); and tro (m) is its elevation. The FBA.b.d is rhe FBA observed
trom the base ol the mountain using a video camera (trom 1997 to
1999). The solid line was calculated by regression analysis.

was rneasurcd front thc inlagcs by comparing the log base
with the outiine of the mountain. Thc images wcre not
obtained on some dark nights, but it was possible to observe
the mountain even at night if the mountain was brightened
by the town lights and mooDlight.

Results and Discussion
Observation of Fog Basc Altitude with a Video Camera.
The fog cha racteristics depend oD theail pollution, the liquid
water conrent (LWC), and the fog base altitudc (FBA). lt is
possible to roughly estimate tlte concentrations of tnajor
inorganic ions in foglvater from these lactors (/4). The FBA
is an important doDrinating factor, and the sca\.enging effect
is largest at the fog base. Fog$ratcr witl a low ion coDtent
is formed at an elevation much higher than the fog base
because air pollutants are dissolved in the fogwater. The
polluted fog droplets rhen coLlide with the caropies (Z,l) and
are scavenged ncar the fog base, and new droplets of up-
slope fog are formed in the scavenged air mass at the high
elevation sites. The FBA is calculated from temperature ancl
humidjty at the base of the nlountain usiug Henning's
equation:

FBA (p) = 125 r (Io - Do) i tzo (l)

lvhere ?i and D0 are the temperature (.C) and deu,point
('C), respectively, at the meteorological station at the base
of the mountain; 125 is the constant (m/.C); and ho (m) is
its elcvation (25.lt is difficuli to exactly estimate the elevation
because of the local metcoroiogy on the mountainside, the
lag time ofthe transport ofthe air nass from the base to the
fog sampling statioD, the increase in the hunlidity by
transpiration from the canopies, etc. Therefore, we observed
the nlountain fog using a sensitive camera, with which we
deternined the altitude of the fog base a1l day long.

The observed FBA (FBAob,d) deviated from the calculated
FBA (FB&ai.d. The correlation coefficient between thenl was
0.34. The relationship between then was obtaincd by
regression analysis using the followilg ec]uation:

FBAobsd (m) = 0.42 x FBA..r.d [m) + 67 (2)

The obscrved FBA was lolver than the calculated FBAinmanv
cases, arrd one ol it5 causps nray be rhc transpiration trom
thc canopies in the forest. Figure 2 shows the effect of the
concentration of aerosols smaller than 10 tm at the base of
the mountain, Isehara City Hall, on the difference between
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FIGUBE 3, Fog base hequency and the mounlair slope {a) and l0g
Irequency {b} as a function of elevation observed between April
1997 ald March 1998. The log lrequency shown in panel b is the
summalion of the loq base lrequency shown in the bar graph in
panel a.

the calculated FllAand thc observed FBA. lvhen the aerosol
concentration at the base ofthe mountain is high, thewater
vapor is readily changed to ljquid water on the coagulation
nuclei of the aerosol particles in the air mass arising along
the mountainside. The up-slope fog is then formed at an
altitude much io\a'er than the FBA calculated by Henning's
equation. The correlation coefficient (0.45) \4'as not high,
but it was statistically significant (P < 0.01) because of the
large numbers of samples (l? = 142). Some calculated FBA
valLles were lowerthan the obsened FBAvalues, rvhich rnay
be caused by the local neteorologl'on the mountainside.

The frequency of the fog base for even' 100-m elevation
on Mt. Oyama is shown in Figure 3a. The tiequency was
different lbr each elevation, but it was dependent on the
mountain slope. The frequency increased at the mountain-
side where the slope was small. There is a good correlation
between the frequency and the reciprocal of the slope, and
the correlation coefficient between them rvas 0.96. The
relation between foB frequency and slope may be explained
by the changes in turbulent mi{iDg caused either b_v the slope
change or by the change in vegetation $'ith slope. The fog
event frequency at each elevation can be obtained by the
summation of the frequency values at the fog base under
that elevation. Fog covered only a low elevation site, and the
high elevation site was clear in some tbg events, but these
cases were very rare and negligible. The fog event frequeDcv
shown in Figure 3b increased with the elevation, and the
summit of Mt. Oyama is covered with fog 46% of the year,
which is comparable with the reported values (ll); for
example, Roundtop MountaiD (970 m) in Quebec, Canada,
was in fog 4770 of the year at 0800 and 419; at about 1500
(26).

Conrparison o on CorccntratioD of Fogwatcr betrveen
Midslope (680 m Altitude) and Summit (1252 m Altitude).
The fogwater concentration is affected by the FBA, although
other tactors such as LwC and air pollution also alfect the
conceDtration (14). There was a linear relationship ben{een
the logarithms ofthe total ion concentration offog\^'ater and
the elevation difference betrveen the siLmpling station and
the obsewed fog base. The correlatjon coefficient was 0.23,
which is statistically significant (P = 0.01) due to the large
numbers of samples (n = 142). However, there is a large
deviation because of many factors controlling the concen-
tration other than the FBA. Furthermore, the effect of the
elevation dilference is complicated when different cloudy
air advection reaches the high elevation site.

Figure 4 shows the average concentrations of major
inorganic ions in fogwater measured simultaneously at the
summit {1252 m) and at 680-m elevation on the mountainside
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FIGURE 4. Comparison oI the loqwater characterislics betvveen
the samples collecled at lhe summit ('1252 m altilude) and the
midslope (680 m allitude). The solid liDe is the line ol the slope of
t:1. The dashed lines represenl lhe iofl concentration,0.29rl, which
is the c0ncentrati0n ralio oltotal ions in the logwater atlhe summit
to that at the midslope. The dashed line lor the liquid water co ent
(LWC) is the reciprocal ol the ratio.

in the lslg8 summer campaign and the comparison of the
fogwater characteristics between the two sites. There were
l1 samples simultaneously collected at both sites, and the
concentration ratio of total ions at the summit to that at
680 m elevation was 0.29. The pH values of most of the
fogwater samples at the summit were lo\,ver than those on
the mountainside, while the concentrations ofall ions except
for prolons decreased with elevation. LwC values are also
shown in Figure 4, and the LWC of most of the samples a!
the summit was larger than that at 680 m; a dilution effect
occurred due to the increase in LWC with elevation. However,
the dilution eflect was not large enough to compensate for
the concentration ratio, 0.29. The possible caLrses ol the
concentration decrease with elevation other than the dilution
ellect ilre 1he scavel]ging eflcct lbr the interaction of the fog
droplets with the canopics in low elevation sites, the air
pollutant deposition on the mountainside, the advecting
cloudwater, etc. we simultaneously measured the acid E{ases
and arnmonia gas at the summit and on the mountainside
in the l99B summer campaign. l'he ratios of lhe mean
conceniration at the summit to that on the mountainside for
tlle gases were as follonrs: SO2,0.57; HNO3, 1.35; HCl,0.5B;
NH3,0.63. The ratio ofnjtric acid was greaterthan unity not
only in the daJ'time but also at night. Nitric acid may be
formed on the mountainside bJ' the reaction of nitrogen
dioxideuith OIJ radicals in the da]'time andvia thehydrolysis
ofNrO5 at night (21. Nitric acid was readily djssolved in the
fog\\,ater. At a high elevation site, the major neutralizing
component, ammonia gas, is not sufficientl]' supplied to the
fogrvater because the concentration of ammonia gas is
lowered by dry depositjon and scavenging by the fogwater
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FIGURE 5. Concentration of ma,or inorqanic ions in togwater,
,ainwater, and throughfall under cedar trees during a log event
wilhout rain (September 3 6, 1998) afld duriflg a typhoon (August
27 September 1, 1998).

formed at the low elevation sites. Although aqueous sulfur
dioxide oxidation also occurs in fog droplets, only nitrate
ionsand protons increased inthe proportions ofthe fogwater
components between 6U0-m elcvation and tire sunrnit;
therefore, the logwater at a high elcvation sjte was primarily
acidified bY nitric acid. It was also reportcd that nitric acid
$.as the dominant acid species when the fogwater $as highly
acidified at Mt. OyaDa (l.l).

Effect of Fogwatcr and Rainwater on Throughfall. The
concentration of major irorganic ions in lbgwater and the
throughfall during the fog event period lvithout rain (0600
on September 3 to 0600 on September 6 iD I99B) in the l998
summer campaign at the summit are sho\a,n iD Figure 5. The
water deposition via fogwater intercepted by the canopywas
6.8 mn during this period, although it was not collected al
the elevation ofti80 m. The concentration of total ions in the
throughfallwas slightly higher than that in the fogwater, but
the concentrations ofcations in the throughfall u'ere much
different fronr those in the fogwater. The concentratjons of
potassium, calcium, and magnesiunl iorls in the throughfali
are higher, and the concentrations of amnronium ions and
pro tons viere lorver thall those ilt the fogwater. The dcposited
fogwater was neutralized to some extent in the throughfall
by these metal cations lcached from the canopy (28). A
compa son of the concentrations of the major ions in the
throughfall with those in rainwater is also shou'n in Figurc
5. in the latlcr case, the precipitation amount ofthroughfall
was dol1rinated b]' the rajnwater because the samples were
collected from Auliust 27 to Septenber l, 1998, when a
tJphoon rcached the Kanto District. DurjDg the typhoon
period, the fog collectio|l at the summit ceased due to a
thuDderstomr. The water depositions via rain and throughfall
were 443 and 394 mm, respcctively. Although there lvas a
high precipitation amount iD this period, the concentration
of(lrrouglrfall wa\ 1.62 limcs rh.rr olrainr\.rtcr.

Deposition of Air Pollutants via Fogwater on the
Mountainside of Mt. Oyama. lt is rvell-known that water
deposition via fo$vater is very high as througirfall where the
fog event frequently occurs on a irigh mountail (] /). Miller
et al. reported that the deposition velocity of fogwater
depends on the wind speed, I-!VC, and forest cirnopy
composition aDd structure (29).'I he conclitions aflecting the
depositjon velocity depeDd on the charactedstics of eaclt
nrountain. The increase in throughfall could also be caused
by the impact of rvind-driven rain on an cxposed tree top
(30). Because oi the \l'ind, raindrops fall at an angle, and an
exposed tree collects dll of the rain that wor d have fallen
in its rajn shadorv. The higher tlle lvind speed, thc larger thc
rain shadow, the rioie rain is collected bv the tree, and the
larger is the amount of throughfall. The rvater deposition
(mm w-') of the throughfall, Dih-ushiol, is defined by the
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FIGURE 6. Wat€r deposilion and deposition ot air pollutants as a
fulction ot elevation on Mt. oyama. Throughlall under cedar trees
and rainwater were collected at lour elevations on lhe m0untain,
and the data shown here are the average values lor 1997 and 1998.
The error bars involved 95% contidence intervals calculaled trom
the average values ol fo0r throughfall data at 680 m elevation.

following equation:

,rhroughlatt :,rainwar". + D.oi,,*n'"r +,tog.uor",
4,r",' rlo* - B"'"po,"rio. (3)

rvhere D,u-,*,"., D,airNarer, and Dioo,ur", denote thc water
deposition via rainwater, wind-driven rainwater, and fog-
rvater, respectively; and,4"..n*, and 8","n.,",i,- deDote the
loss of the water deposition via stenl flow and via e\,aporation
ftom thc canop,y, respectively. Figure 6a shows the water
deposition via rain (precipitation amount) andvia tlrroughfall.
fhe precipil"rion arnourtt measured in Jn open Jprt e wr\
almost constant at the sampling stations, while the precipi-
tation amount at the base ofthe mountainwas significantly
srrraller lhan that on Mt. Olama. Thc prccipitatiolr amounl
was 1600 mm yr I in the same duration ata metcorological
stdtion for rhe mecsuremeDt o[ precipila(ion amoun( in
Hiratsuka City, which is 13 km southeast ftom the sunmit,
.r rrd it: clcr atiorr i' lower lhJn 50 m.I he precipilar ion Jmount
increases, in gene.al, with elevatioD (31), and the specific
geographical features of Mt. Oyama may cause this phe-
nomenon. Nanely, Mt. Oyama has a steep slope (2.2 km
distant from the summit to the sampling station at 500 m),
and Mt. Oyama is very close to the Pacific Ocean (17 km
distant from the summit to the coast). In contrast to the
precipitation anlount, the water deposition via throughfall
increased with elevation to a great extent. Water deposition
via throughfall gene(ally scatters. In this study, four through-
fall samples have been collected at 680 m everJ week for
manyyears, and both the precipitation amount and the total
ion concentration havc deviated fron each other to various
eitents, although each sampling site was fixed. Thc data at
680 m in F'igure 6 is showl as each average value for four
differeDt cedar trees. The values were different. and thewater
deposition and total ion deposition via throughfall at othcr
sampling sites nlay also llave some uDcertainties. The 95%
confidence intervals were then calculated from the average
values of four throughiall data at 680-m elevation not ouly
f.rr \,valer deposition but also for total ion deposition; the
intervals are sho\\.n as error bals lor each elevatioi site on
the assumption that the ratio of the confidence iirtervai to
the averagevalue does not depend on elevation. The increase



in the deposition is dominated by the fogwater deposition
and the impact ofwind-driven rain, D.oinNarel and Dfosvds in
eq 3. The co!rtritrulion of the terms,4","n n.* and Bc,"po*rr,,. to
the increase in the throughfall may be small because the
ratio ofthc totalwater deposition on the forest floor via stem
llow to that ofthroughfall was reponed to be,1.2% for a cedar
tree (32), and the evaporation rate may decrease with
elevation due to an increase in the relative humidity with
elevalion.It is very difficult to distinguish between these t\\,o
kinds ofwater deposition, Dra,nware/ and Dron"ue. (26J. I.lorvever,
the watcr deposition via throughfall sbo$'n in Figure 5 t{as
not larger than thatvia rainwater measured in an open space
even at the summit during a tJ?hoon (m:Lximum wind speed,
14.5ms 1 inYokohama),andthecontribution oftheimpact
of wind-driven rain is estimated to be much smaller than
that of fogwater deposition on the mountain. Therefore, it
may be possible to roughly estimate the lvater deposition via
fo$vater from the !\,ater depositions via rainwater and
throughfall. The value of Dr,,r,r,r., in eq 3 can be obtained
based on the assumption that Dro8war.. at the 500-m elevatjon
and the effect of values of A and B on the increase in the
waterdeposition via throughfall $,ere negligible. On the basis
of tbis assumption, the diiference betu,een Drl,,uusr,ra at an
elevation and l)rh,nushr" at 500-m elevation is regarded to be
caused by Drno"ur".. The value of zero lbr the assumprion of
DroBrvater at 500-m elevation may be underestimated but can
be accepted as a rough estimation; the fog frequency at 500
m was about the halfthat at the summit, and it was reported
that the deposition vclocity offog droplets at 600,m elevation
was 12% of that at 1350 m in the case of the growing season
at Whiteface Mountain, NY, because of higher rvind speed
and higher LWC of fog at 1350 m than at 600 nl (29). The
difference between water deposition via rain and that via
throughfall in Figure 6 then refers to the rvater deposition via
dre interception of fogwater on the canopy. The water
deposition via tire fog$'ater interception iDcreased \\'ith
elevation, which was caused by thc changing gross fog
deposition rates depending on the elevation. The dcpositiorr
rate (l/, mm h-r) r"r'as defined using Dr,,s,,",,,, (mm yr-r) and
the fog event period of a year, FEP (h _vr r):

u: Dr.o,.,"./FEP (4)

The deposition rate was calculated to be 0.074 mrn h I at 700
mand0-68nrm h I at l250m,whichwerecomparablewith
the leportcd vahres (29,3-3).

The observed deposition flrues oftolalions vja throughfall,
Frhrcushral and raiDwater, 4airjwa,e,, are also shoh.n in Figure
tib. The cleposition flux via throughfall, Frhrorshr.|, wiis defined
as follows:

1,t,,nu81t- -'..,i,.\,rr. l .. .r\,r./'foB""r-r

4.*,-. ", 
-,4',,,",.",, - C '5

In eq 5, F," *,a-,, Fr,,o*r"u i-,r.r.a"po,irinn, /',.u no*, and C jndicate
the deposition fhlx via the impact ol r{ind-driven rain, the
deposition flux via foglvater, the cieposjtion flux via aerosols
and gases, the loss via stem florv, ancl the uptake and leaching
of thc canopy, respectively. The r Tirter deposition increases
lvith elevation as sholvn in FigLlre 6a, and the flux of air
pollutants increases lvith the jncrease in the water deposition.
The dry deposition also increases with an i[crease in the
elevation because of an increase in the wind speed ['ith
elevation (34). The fog\,vater concentration is ntuch larger
than that of rainwater; therefore, the difference in the total
ions deposjtion benveen thro ghfall and rain may be
dominated by fog deposition and dry deposition, but the
contribLrtion of each term in eq 5 to the deposition flux via
throughfall is difficult to estimate. However, the flui oftotal
ions at the summit by fog deposition can be calculated to be

1.1 equivm':].r-r basedonrhefogdeposjtionrate, 0.68mm
h-r; the fog frequency, 46%; ihe concentration of roial ions,
1.4 mmol/L, which lvas the average value ar 680 m during
1997 l99B; and the concentration ratio of total ions in
fogwater at the summit to lhat at 680-m elevation, 0.29,
obtainedin the I998 summet campaign. Although thevalues
used in the calculation were approximate values, it can be
concluded that the total ion deposition via throughfall is
dominated by both fogtvaler deposition and dry deposition
rathpr rhaD br rainwirrer depo.ition.

The deposition of total ions via throughfall in a high
elevation forest is much larger than that estimated from the
precjpitation amount and the concentration of rainwater.
The deposition of air pollutants via throughfal] has been
measured at many places and reported. At 1350-m elevatjon
on Whiteface Mountain, NY, the nitrate ion deposition lvas
0.157 equiv m-'? yr 1, the sulfate ion deposition was 0.268
equiv m '] y'r'-r, and the deposition of total ions except for
NaCl was 0.736 equiv m-r yr I (29). Lovett and Kinsman
sunlmarized the total depositions on many mountains in
the United States, and the sulfate ion and the nitrate ion
depositions ranged from 0.0I0 to 0.27 and ftom 0.0068 to
0.27 equivm,yr r, respectively (1;'1. The deposition fluxes
of the air pollutants on Mt. Ovama are much greater than
the values determined for the other mountains mentioned
above, althou8h the values in Figure 6 contained many
uncertainties as sho\\rl by the error bars. The large flux may
be caused by the geographical features and the location of
Mt. Oyama. The high \\,ater deposition is caused bV rhe
geographical features, and high air pollutant concentration
is caused by the location of Mt. Oyama, h'hich abuts the
Kanto Plains, a big [rban area including Tokyo.

The water deposition and the deposition flux of air
pollutants to the canopies are very high at a high elevation
on the mountainside. Because the acidity of the deposition
depends on the elevatioD, the effcct of the acid deposiiion
on the forest may also depend on the elevatjon.
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