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The study of 5-year atmospheric deposition at the Chi-Lan Mountain site
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Abstract

A study of 5-year atmospheric deposition in a Chamaecyparis obtusa var. formosana
forest ecosystem was performed at the Chi-Lan Mountain site in northeastern Taiwan. The
site is a typical cloud forest subjected to the influence of fog. A monitoring program of
biweekly measurements of bulk precipitation, fogwater, stemflow, and throughfall was started
in 2002 at the site. Objectives of this study were to analyze: (1) the potential nutrient sources
of the atmospheric deposition; (2) the canopy interactions; (3) the contribution of fog in water
and nutrient input, and (4) the potential threat of forest decline of the site by excessive amount
of acidic depositions. The results indicated that: (1) the rainfall was peaked in summer and
autumn. Typhoons contributed about 37% of the total water flux of rainfall. Fogwater input
was higher in winter and spring. The seasonal pattern of stemflow and throughfall water
fluxes was similar to that of rainfall. From 2003 to 2006, the average annual rainfall, fogwater,
stemflow and throughfall were 4005, 241, 129, and 3467 mm, respectively. Na™ and CI” was
highly correlated in rainfall, indicating an effect of sea salt. High correlations among NOs’,
SO4*, and NH," indicated that rainfall and fogwater were influenced both by long-distance
transport and by the local pollutants. Long-distance transport had higher influence on the
chemical composition of rainfall, while fogwater was subjected more to the influence of local
pollutants. (2) The pH values of throughfall were higher than those of rainfall, but stemflow
was less acidic than rainfall. Stemflow and throughfall had lower NO;  and NH,"
concentrations but higher cation concentrations than rainfall. NOs;™ and NH," might be
absorbed in the canopy by leaves and epiphytes. The increase in cation concentrations might
result from ion exchanges in the canopy. (3) Fog contributed 6% of total atmospheric water
input, but provided as high as 27% of total nutrient input. It is thus important to take fogwater
into account in the calculation of water and nutrient budgets at the site. (4) Annual SO~ S
and N deposition were 14.1 and 15.0 kg ha yr', respectively, which might lead to a
consequence of forest decline, and N leaching. However, a further estimation of the critical
loads of S and N of the site is needed. Finally, the water fuxes of this study and the the
transpiration rate of the site were used for the estimation of the seepage, which amounted to
3341 mm, about 83% of rainfall.

Keywords: cloud forest; atmospheric deposition; canopy interaction; water balance;
nutrient; flux; rainfall; fogwater; stemflow; throughfall; interception; acid deposition; critical

load; forest decline
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THc E oM ot 22 F ¥ hd k% {3 (forest decline) il Az § 5 & Rfeft B Fo
B o ¥ SRR I F R M > 5 7dk 0137 7 B3k (Pitelka and Raynal 1989) o #X
Moo AR RIE - AT G o A 2 & B oAt E D& S RE D&k R
o i DEPRFIFFPEEfoARED BERS APRITED A ST F T
AL A Ad RIS mH et £ HHER 293 & R F)(Smith and Smith 2000) - % &3 7
FAEALHEHFIAF)EM G200 8¢ A TRBAF S L F U HERE BTy
(Gorham 1998) o 11 Lpmik ~ F w2 H A k> &4 it § 7 P& (biogeochemical
cycling)fn€ B B> £ A LIRS A F i EGH T "B E NE I BRFLFIFET I A A

T HEE L P o

1.1 & F v st

< FoctE Aok e %/’v\ﬁﬁj PR A A PERRE S W BB Ak it
EHE(R 1) ~ F ' kw4 A 5 B (wet deposition) fo iz i *# (dry
deposition) o ;BT & Fa & ~FACE @ FoiwE A F AR ok gt ' (Stumm et al. 1987,
Smith and Smith 2000) > @ &A% = ;%5 & § #UE Bl 5 £ 4 7L "% (precipitation deposition,
PD)£ 3 # 74 *# (interception deposition, ID) (Matzner 1989) & ~ £ % X & 4 1¥% @ L'}
FoWR LA AR A F R I R R e g o LR R e RIH U
B RGO TE o R o g M RUFHOR S B L 4 AR ATE R N ki o kT
WA E SR A0 R d EF S REFE B CRFFT I F 5 0 352 F %K (Throughfall,
TF); 3% & -k B q‘-g*“ﬁf—"r SEE O NE (SO F R L A fRE & 0 A5 2§20 -k (Stemflow,
SF); m ¥ — ¥4 pld £ 5 ~ ik :Jﬁ};fﬁ’é—*z £ ¥ (Interception, I) » £ F £ #HFEW < F
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28 0 ¥ teA REFhE S 2 %ﬁgj r R A EATE R 1 15% ;) & dkEr g ep
EoV 2L mﬁ%] b BB i 37% o Cavelier et al.(1997)> = £ 8 #% L% 2 75 &4k »
BT ORARPFETFI I ER 140 A T 2P 0§ 6 = AR AT B (FRnR
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S TR R A 7R e e 4 Kl B £ A e pntE L HO R 2

#pE S (Ca” ~Mg? K)o i 2 s ik o - ﬁi%q'%ci WA R o 4ok 4 IR
B ek A A Penp P FRICRE TP T AR eh& 4 T §7(Smith and Smith

2000) = d 2 3 E AT A o BB R B 0 fok B £ A ke A AR

e

+
ETIES

% 4~ % 4 & 4 (Schulze 1989, Taylor et al. 1994) o p* #b » e " %+ 3 3 & i & e §
A2t Adhat s ABE AP e Mn™ o v Ed H$ 2 R R 0 % o AR S
TG A 0 EAA 2 e Catlinin 4 eI A g a2 £ e
F oo F S H A ] A 25% N A 0 4 F AT 7 < (Smith and Smith 2000) o % ¥
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BEIRIEIN AR EEE HHRALE L TV ERAL CHRBRTEDTLEN LR
£ (critical load) s @ o “T3} et f 2 Adp R R AP L LR JIREhd
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1.2 Rpx gmicaip ey
P A& < F ATy ankAT T  (DEITTE hE R BER(FFE 0 2000,
Mzz= & 2002, #HFcf & 2003, = 4 fothi @ 2004, B = ¢ & & F L F @87
2004, ¥ = ¥ 2006, Hsiao et al. 2007) ; (2)*% -k ~ fic(Weaver 1972, Cavelier et al. 1997,
Levia and Frost 2003, Xu et al. 2005, Llorens and Domingo 2007, McJannet et al. 2007) ; (3)
%k % 3 it * (Cronan and Reiners 1983, Lindberg et al. 1986, Bredemeier 1988, Amezaga
etal. 1997, Chiwa et al. 2004) ; (4)=* F i5 4 4 & 7&_@31;1] g U EB(R Y L s B
F 477247 2004, Beiderwieden et al. 2007) o
AN RAFBELRFOLE HHG RGED LR M 60%' o LY Bk
TOONKBIEEY RURR - ERERE FHEDLIHRE S RTR - AP
WO FHEIRRLSE ZL A EFAT o 58 L % (Chi-Lan Mountain site, CLM
site) T RPN P HGE T E HARAZ RS A AT HRE PR RAF LAY o K
S B GOSN AR F LT kR iRk R e BRI R (M 5 2006,
2 iF 2007)~ £ FowrE ok & infs B & F 2 45(E ftde 2003, £+ £ 2004, Beiderwieden
etal. 2007, ¥ P4 2007) > 71 % & -k ~ F5ok ~ FEAR o feipinok it E s kBB EL
B e 3w B (AL 2003) o

U Hkdr 5 (2005) 0 B3R E IR E o Hhid B ESR 0 S AR RILIR o hitp:/www.forest.gov.tw/autumn.htm -
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AL SHFEFLRRC JF A FE Py A SR E 2 S
LA kR o ApPOTE — KRR 0 MRAE(003)8 Ao B H R 1 E A
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Bty
ka2 Aot R o AHRFLETA 2002 E 59X 2D S 0 AAHAES E
R s Fok s FER IR B B e TR e T AT T EE SR D IR
FH2002 £ 5 7 3 2007 £ 5 %) BT REFLETE Lok A ok o
KABES SR o kBt B (DER S FET A E A KRR Q)
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AELRRF LR FLE A G LR R R LR S f A
GRS AT TR R R B RN E S S A kR A
frerife s A kB P HEF KRS N E LT RIPE R 0E PAETR SR

N N L o
"&lé': ’ﬂl’ftﬂ—l‘z:p———-é";bﬂg o

3.1 %Rt

B LA T 4R R 3 548 A 2%(24°35°N, 121°25°E) (Chang et al. 2006) » 5 i
1400~1700 m (B 3)> & A9 5 310 2 Eerm B F H4BEREHR - KB RESH R
(Chamaecyparis obtusa var. formosana)- #+f > 1960 & * = + & i8{7 % 2R 7 f& { Ariksd
HEE2 o ot 2 itk AR OB R BRI > T H AR TE(147) 0 d L
ATHRAR & kS oip IR e A A B R ARF R E F L o F2t o 2002
FRRAEY 1 R EPFLHEE 0 U A PR § JiTk(biogeochemical cycle)
b d R FAI R AIIFHY  mEHNWRAZIFREEEHF LR
(Chang et al. 2006) © & % et 85 & 23 m ehf %35 > H F % F e L& &R(MIRA visibility
sensor 3544, Aanderaa Instruments, Norway) & % % (Chang et al. 2006) > * 12 5 P4k % &
F BT

ARFELEEBP P RET RAPIES 2.5km - Changetal. (2002 HBi# p R ix§F
FAOFTIN IR APRETRALTEAR R R ERE > R kp AN F
B0 EPAICRE o MM MAR(Q003) AERIEFE 1 ESd X F e 4
NIARFLFEALREPEEY T ARFERTOE RSP RFET R D
F 1% od % 2002 & 8 7 ~2007 &£ 5 % chg % F AT R REIDE L 135C " 2R
B 4.1°C » 5% 20.5C 22002 & 6 * ~2007 # 5% » # L& § 5 3763 mm > * & &
4 35 ~1440 mm (@] 4) 2003 & 3 7 ~2004 £ 2 % » 5 HH E pEEcL 3331 hro b > E R
P& #ice1 38% (Chang et al. 2006) -

T AT BLAT HEF X RTRBLATNEREFTHAS > bR T ERB2 o @ Atk %%ﬂ AT hfE
+ i {7 L #7(Chang et al. 2006) -
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FR A e S TR AT LA R BRAHE S S8 R 9B UG 0 82% (M
HAL 2003) 0 FRH A 5 1820 stems ha o S ntpenT g F 5 167 om (FORAL
2003) > #+% 5 103 m> Ea 895 126 m* m” (¥ & 5 ) (L &de 2003) © w1
SRR R R R 2 T BB KR E S ARG R 13.7% 0 2
AR R AT AT A BB 182% (BYEE 2006) - & T 2 3 5 Lithic
Leptosol (WRB 1998) » % 3k & » 42 7 £ % (Chang et al. 2007) « {54 chimi? 1 & &
W AR T2 2 K (10 cm) (% E2 2005) o b o $RF 2 M 2LF B L (pH<4) 0 B
g3 %A K -~ Ca¥ s Mg 2 F & (Chang et al. 2007) (% 1) -
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H Rainfall
—e— Temperature

1500 A

1000 A

>00 7 L
o ,||"||, |IA“||‘| \mll““ IM |

2002 2003 2004 2005 2006 2007 2008

Rainfall (mm)
Temperature (degrees of Celsius)

Time (Year)

W 4 2002 & 6 * ~2007 & 5 ¥ £ FLEFEFG! F EF(mm)E * 39FCC) P A EHBHE
35mm (2003 & 2 7 )& B 5 1440 mm (2005 & 8 * )> * 358 B X 5 4.1°C(2003
£17) 53 20.5C006 & 7 %) (3r:2005% 27 FEFTHREL > 122003~
2004 ~ 2006 - 2007 & 2 3 T 3EEE S o)

% 1 B L4 % 2 # R ~ 2 (Chang et al. 2007) -

Deap (cm) Soil texture pH Exchangeable cations (mmol kg™)

H,0 CaCl, Na* K Ca® Mg¥ Mn* Fe* AIY

10~0 354 283 nd. 199 356 122 28 44 115

0~5 Loamy clay 351 278 nd. 27 56 18 03 27 68
5~25 Sandy-loamy clay 385 3.03 nd. nd 06 04 nd 10 99
25~40 Sandy-loamy clay 401 3.17 nd. nd. 02 003 nd 1.1 124

Note: Exchangeable cations determined by ICP-AES in 1 N NH,Cl extracts. n.d. means not detectable.
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32 FEFRE

TR LR kA A ATt 02002 & 5 P RERHRRIE 0 QAR
A -k(n=3) H-k@m=1)~ 75 -km=12) #izi-km=5)ct B H ¥ » a&-k~q3m-k
foF ko b B L RBA(2003) 7%k o @ 2 ek BE G 2] 0 2002 & 9 7 ~2005 &
127 1 £ 0 (SNOO1~087) & * MURAL(2003)3 3617 & & 2 F A keifc b §2005 & 12
DT L2007 & 5 % (SNOSB~124)RIEc* § B R (2007) T R A 2 AN B
FoF 2k Yk B RE Rk R s RFERER Ay FRa %
FREFCHESIT 2002 F 50 32007 F 50 5 EFFHE 0 LA 124 KB o d
WEREBRREFRF O FRRFTAR L WAsp 2002 £ 3 e oo &R~ F T
R~ ERiUkE FoRarRE TR A Bgedkp 5% 26 7 ~8 % 29 % (K] 5)- Levia and Frost
(2003)% AFH I f 1% T PR RAT G Ap 000 o N ER IR RARROT G R R L) e 3
RAET g aiok ok e frd fep k1 F o E R L e T R 4 B RURAE(2003) 1
BB A F I e B AT I o BB (003)FT T B R A 0 L AR R iRk 7
KBS B A EG32%F084.2% P AR HIFIRENE T R ERY ] oA
P % ntp ikt 2007 4 40 gk B o 5 S AR IRRIE SRR D 2007 E 5 0 (W 5) -

%

SCR BAREFLLT LW

2002 2003 2004 2005 2006 2007

JIFIM[AIM I J{A[S{OfN[D]J{FIM[AIM]J]J{A[ SJO[H]D[J{FIM[AIM[J] JA[S]O{N]D]J]FIM[AM{J[JJA[S]O{N]D{J]F[M[AM]J[J]A]S]O[M]D]{J]F]M[fA]M

Bulk precipiatation + Rain gauge

Fogwater

Throughfall

Meteorological data

W 5 a&k~FERTFRKFREFEFTHRAEDRT -

3 SNXXX 4 7 % XXX =B~k o
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3213 Kk B

Aok 4 3 i 20 2R 2 W (polyethylene, PE)H Frend 2 fifefh -+ B 247 1 B

it

- EE20cm A o BN ERED 2mm X 2 mm Ry o U fdRiE N o T

14
=
=

KT H AR BAE DR R M o A B e BARBREE Y > NP RHALR

=hg

WA

Kenit B A o e pEou i3l 58 & § 2+ (Rain gauge, RG) (f£47 & 0.5 mm, TIC-1, 7 = 3+
1 E4k5C €4, Japan)Bl £ & £ 0 H Bodp 1 F A 2 B (CR10x, Campbell, U.S.A.)ze 4 o
2002 # 5% 31 p B4p3es01 2005 £ 2% 17 p 18:000 % 5 A 4aedr | LR
& #2005 & 2 % 17 p 18:00~2005 & 3 * 2 p 18:00> Bl 5 = 30 » 453c4x 1 1 ;2005

£3712p 18:00~2007 # 5 A7 ER O REF 10,4811  caERHEEL NS EH

PR AEEREE N S00me X TR A AST N mAE et chT gR 0 F R 5 3.5m uiE (]
6) °

(b)

W6kt BELFLNags - @ERNI L 5P RBEFNIHE - FA S
3.5m SHBIEF o (b)R B h 6 BARSGB A > UL FEAL BER KL S
A o

13



3222 HR B R

THERY 22 Hrcl Be2002 £ 9 1 ~2005 £ 12 7 ¢ 1 (SNO01~087)* i
* AR A D B RIS A | 1 CASCC2 e & B (F] 7-a) (A4 2003) o i BUEAE (2003)%
AT A F TR AR AT *%#p A RFRFADEIHFEADLE TR LT
2 FR S B L Ra s AR ZHREPETRAFTREAT L2 2 40F ° 5
TfE R 2005 E 12 0 T L 10007 £ 5 1 (SNOSS~124) R et T R A D F AT A /|
1 SE-CASCC A fc & B(B 7-b) (F Fr 3 2007) » 2 ffc B Bene sk B Apf > & o0 4
P BLRIEE 21 m Ao e Bendd b Sd 3R 223 m it RAR RITHI(E 8) o d AtE A
9 % 3% (World Meteorological Organization, WMO) ® P £z € & % "k it L & #3% 1000 m
PELF R A LR R TN AR M 1000mpET L) 2 5§ F o fad e BB A LA
4236 1000m > B 680 Jc Bk o o BRIGK S PE-KHRJc B30 b B4R BEE Y ¢ Ko
B JEATA A 02002 % 9 ~2005 & 1 7 & 54489 7L AIT E(DL2e, Delta-T, UK. and
CR10X, Cambell, U.S.A)eér | L% PF i LR 0T 330E 5 2005 & 2 * ~2007 & 5 % >
Plec i & 10 #4841 4 o

W 7 2% s E - (a) CASCC2 7 ; (b) S-CASAA 7] -

* SNXXX # 77 % XXX % Bk o
> British Atmospheric Data Centre (BADC) (2008). http://badc.nerc.ac.uk/data/surface/code.html.
14




6 F— = L =1 % d=
= 3 T 2

11

; 1
| \\Eu { T 1.Net radiometer
13 . 2.Net radiometer
20m—» 3.Sunshine sensor
] 4.Radiometer
T 5.Quatum sensor
9 ¢ | 6.Aspired temperature/humidity sensor
7.Unaspired temperature/humidity sensor
— 8.Wind monitor
9.Micro response anemometer
10.Barometer
T 11.Visibility sensor
\ 12.Leaf wetness sensor
L o 13.Fog collector
14.Soil temperature sensor
y 15.So0il moisture sensor
T 1Sm— 16.Soil heat flux sensor
17.Eddy covariance measurement system
d 18.Datalogger
3 \ 19.Computer
! V- 20.Temperature profile
21.C03/H20 profile
22.Sapflow sensor

12 B
10m—»
= N
i
17

I ||n:

a

14

-
w

W 8 # %3 23me 2 HIch B( 7 DEE LA G DA WS 212 223 m -
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3238k e g B

LA vk

§ 7k R e b B ek« 41830 fc B B 2§ R4 i (polyurethane, PU)shiE
LRREECPIEEE CE ESS RS TS SR X

FEinok o ok 8 EaRi ok
Fofe B 200 28 e Ferrkii d (B 9) e b B fedi r o MRk E kst Rt o &

SRR T ed R FOREMEL SRt s E BRI A T35 3 72(16.7 cm)
G5 4k S R AR (TR IRGKE R B AL > TRk e B O o Rk
B 4o@] 10 #57

KT B B R D

B 9 ENisi ke E o

O A M o S A S DBH A B 4 20.0 ~ 19.0 ~ 24.8 ~ 20.8 - 20.4 cm (M4, 2003) -
16



] * SF
[ TFinstallation range

W 10 £ LHEFA00m x 100 m)izin-k& 5 % kich Berjp =3 W - dzin-ker g
Bk E BRESEET A (W4 2003)

17



3247 5Kk E

FREOKIEERE D ApEeh2 B 10 22 8- B 220 cm iR AT o

bt
Wl AApgE AL L RLR T i e §75ceme

AR E > NRL N AR

y

%

g

Kfch£5 5 Re §HF -+
EXE 1227 KRR EE o E SmapEREINERIT A E S mx I0mEE RPN
4 x 3 ;\] l"<

LB R 2K (B 10) o

P 2mm X 2mm N¥iE > FAREKT(E 1) F

¥e

B 11 % E ks Eo

18



33 i “ELo4m

HANHEES v T T EF R (WTW, Cond 340i, Germany) ~ pH %
(WTW, pH340i, Germany)#| £ # 7 & £ pH > & 12 0.45um fif it 5 &) *5(cellulose acetate,
Millipore, USA)i i ° Wi fs » #tr &% » PESTp > £ 0Cavkfi & > v % 3 >
W a-18C ki P o thiE #p CI~Na" ~ K~ Ca® » Mg® ~ SO, ~ NOs™-N ~ NH;"-N (&
NO; *NHy)fr TN kR o d 2K EX g AT RF LA B4 BFRT LT 447
TN (DR E > 97 keeh TN 32304k c Hpfp 3 R L EAFp AT R
WA TR Y P % 3 83 & 47 R(lon chromatography, IC, TOA-DKK ICA-5000,
Japan)4* 45  {z 2003 & 2 7 ~2005 & 8 ¥ (SNO19~080) 45 & 17 th sk » F]p- -k 4 s i%
HREFETURE EMEE R 3]{‘ Fu = 3% Bk ¥ ik (Inductively coupled plasma optical emission
spectroscopy, ICP-OES, Jobin-Yvon Horiba group, JY200, Edison USA) ~ p # 33 & 47 ik
(Flow injection analysis, FIA, Lachat QuikChem 8000 series, Milwaukee USA) ~ 4 % 3k & 3+

(spectrophotometer, SP8001 UV-Vis spectrophotometer, Metertech USA) 4 +7 (8] 12) °

7 SNXXX 4% 7 % XXX <B4k o
19



Dong Hwa University
—

ShaL S «|C:CI ~ Na* » K » Ca* » Mg* » 50,7 NOg » NH,"

SNO81~124

ka >tation Forestry Research Institute
L] pH - . :
* Conductivity Dong Hwa University =HA: TN

Sampling —» M

= Refrigerator (-18°C)

* Filter (0.45pm cellulose acetate)

v

* Ice bucket (0°C) Forestry Research Institute
SN019~080

» * ICP:Na* ~ K ~ Ca** ~ Mg* » 50,*
* FlA: NO.-MN ~ NH,-N ~ TN
* Spectrophotometer: CI-

W 12 kR a2 i A2 W o 3£ 33 & 47 kR (Ion chromatography, IC) ; g &8 & T 5]{ J =+ 8t 3k 3 & (Inductively coupled plasma optical
emission spectroscopy, ICP-OES) ; § # 33+ & 47 ik (Flow injection analysis, FIA) ; & & & & 3*(spectrophotometer) ; SNXXX %
XXX FHBdk o

20



34 FHES
UaE B ETIES 135 EES S ERIEE ST LR P s+

o et LRBRERERFARROAE S 2 o

341k &
| ﬁ,,](‘?;g‘,](

BROKEERERFAD PR RA KRBT RE N d T BRL DR G fife
e Bk B ot HHEE REF(AN ) RS RE Bt BREERIRELS T,

WL AR RS A B oY kR

K2 _HERRE (X a2
e ® %

B R Boric b Pl £ 2 U E 3l B 1 AR R £l B R
AR AR 98% (B 13)c A B RGBS Lom M 5 59 3 5 4f BT 5
e BB 0.5%) (PG 2003)  Flpt o o 7 5-kic b Bl heny kg th

SR RS LA SE UL R R

800

r> =0.9816; r = 0.9908, p = 00.0000; y = 2.5076 + 1.0067*x

700 |
0]
600 | °

500 f

400 } °

300

Rainfall (mm)
o]

200 3

100 © o

0 100 200 300 400 500 600 700
Rain Gauge (mm)

B 132002# 5% ~2007 £ 5% & -Rjch Bichenn £(y)2HL N a £33 £ s £ (x)
il % o y=1.0067x+2.5076  r=0.99 > r’=0.98 -

21



A &

B ERRR

IRk R ARl M FL AT ] BGKAEE S  SER  § e 4
FEAPM o o BB iRk 0 0t bl ﬁ&wkﬁﬁwﬁ*i8?ﬁ9°
Bt

\

PR BB HF KR > TEGABRE TR OTRE ik

APk E O HEEAE X
B3 8 B RN e

«“/

)
w

LI
-k k€14 Changetal.(2006) A % » MR Ea LAZE -E 2 H B ok
EPEHRNCEFRRE(DNA B 14 REF AR ALRXPF  Z 5087 E02 5%

l“b

% kB F (kg HO ha' Smin") o e @B B3P E S- & 1 L2 Fiws Lk R
T g gk R
1587.3

F=26*exp(———
P 3616

»
%
=

F:2#%m% % (kgH,Oha'5min™)
X: iR (m)

. 300
£

E ® Exposure experiment
o 250 oo —— Fitting by empirical madel
=
o 200 A

o~
I

|

2 150 4

% . 1587.3

c 100 y=2.6e 3616 R2_ (560
o
.E

e 50+

[7]
T

o
g 0]

0 500 1000 1500 2000 2500 3000
Visibility [m]

W 14 B LEEaa LRSS HAEE SOl %(Chang et al. 2006) -

S wngFETe T i R R R ik B e
22



342% A g

EAGEAE S SN L R E SRR B REDOR[F(DF 5 kR S LR
APERIIEIORRE » o TR R A E 2 N L R E BEFR A SRR 0 R
EAF R o LT EAFRAR(S N 6) o A 2 H AL TER R 2325
Tof B Fpt A 230435 H 22002 # 5 7 ~2005 £ 12 7 (SNO01~087)#7 it * éhZ e b
BRARAZIHHANE B L2 HALME LI RMFLKESRRE G Y PRk
BAF ~ 205358 5@ 2005 # 12 7 ~2007 # 5 7 (SNO88~124):hZ 5 % & s £ > Rl &

FaN 6 R A ERIFHRADTIEE LSRR LA X 2538 o

F, =C, xV 285
Fy i x 3 in% » i (mgha' time™)
C, : X #+ chT 12k B (mg/l)
Vi ok#ark®(1ha! time™)
ZCme
C, =" 236
>V
m=1

C, ' X#3F Tk & (mg/l)
Con:EBmmenggs+ kR (mg/l)
/1

Vot £ % mettft (1)

23



3.43F HA
NTEP G ARFRPER LR AR Rk TR R RS PRl o 2
R ARFTH
2002 # 8~9~10~12 7 222003 & 1~2 % it LA FHPIEI S » 121357 F e
7

LRFRFEETERG R LR FTRAOEE v FREFTRMERT 560%
RIS s £ 5 okit LA R B E £/60%) 02002 & 11 * 222003 & 3 * 2 fsi LA

TR PR B (Gt A ) DR E 0 1 RET A LR T s 1 Rk PR O
B (e BE) > R 1P R R LR TR L FRREE L P o w1 p kR
Boit LB 0T 354 Ko
[ ] & 5

d 340 wa B3R AP E ¥ B (98%) B & B aicha Bag R gp
T (08%) FF HEXY A E R BAREA KB B Bk B B
i B HRUEL N A R F R o
ok fed kR

SR PRIk FkE O RE YR ARE SRR e A R ehaiiiie i
B(R 15~ B 16)c iz -k 5 E ke Borjc bR EH%E % > 285 803%7r
204% < Flpt o BUfcE B HIBFARE LG REBIRI KR KT STIHES
AL B oo fERik o K LB E D 17-176% (£ 2); A BTk

FAvRE o TR G AR BRIk R Beric gk R ’Eﬁ%$%§%%¢ﬁ§
SUE B o F o IR kB BRE SRR E ) A I

g;\/%lﬁﬁj’}\i—,@lié” &fp&‘ﬁ{}i‘i‘ﬁﬁ;}‘g_r‘; s ‘F’;}'g_lp ‘\AFﬁ;IJ_&PZ\ 41‘7?\ 50

35 it

*F5 41% STASTISTICA 7.1 4% (7 563 A 47 o kR 81K R chip W12 > 123 4
+ 2 B ML AL fp(Pearson) ff B AR M ThdicA o o A SR LT TEF AL ttest
R

? StatSoft, Inc. (2005). STATISTICA (data analysis software system), version 7.1. www.statsoft.com.
24




12

r2=0.7848; r =0.8859, p =00.0000; y =-0.31 + 0.034*x

10

SF (mm)
o

(0] 50 100 150 200 250 300 350
BP (mm)

B 152002 & 8 7 ~2007 & 4 ¥ A/ FE® EX)EFH-KE()SM % o y=0.034x-0.31,
r=0.89 > r’=0.78 -

600

r2=0.9844; r =0.9922, p=00.0000; y = 3.7272 + 0.839*x}/

500

400 1

300 1

TF (mm)

200t

100

] 100 200 300 400 500 600 700
BP (mm)

W 16 2002 & 6 * ~2007 & 5 % XB:F = £ (X)E F &k E(y)Hh % o y=0.839x+3.7272,
r=0.99 > r’=0.98 -
25



302 ERICKEE BRI ATHF PRICKE 5 T 080k R (n=5) s ¥k o

LS U LS S
T ok g ik
SF 01 59
SF 02 114
SF 03 17
SF 04 176
SF 05 78

3 SFXX £ 5¢ BwliriktE R -

23LTHRREF IR OTRF AT ERE

BuhFHRFTELE

TR T ERE )
TF 01 112
TF 02 94
TF 03 135
TF 04 90
TF 05 100
TF 06 116
TF 07 96
TF 08 98
TF 09 102
TF 10 87
TF 11 71
TF 12 97

A ITFXX 27 B %5 E kB -

26
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K

=

(n=12)71 % °



404 ERIUKIE BRI O TH T SRR 8T 080k £ (n=5) M 14 o

2

Equation r r p
SF 01 = 0.6557 x SF + 0.1409 0.89 0.79 <0.001
SF 02 =0.9796 x SF + 1.2102 0.85 0.72 <0.001
SF 03 =0.2151 x SF - 0.1242 0.78 0.61 <0.001
SF 04 = 0.4494 x SF + 3.5913 0.59 0.35 <0.001
SF 05 =1.1293 x SF - 0.6667 0.94 0.88 <0.001

s SFXX 27 BUER/A ke B 4o | 2 EH B2k SSF A7 S BERA kBB 1 2T

F iRk B 0T B (n=5) -

L 585 KRBEI R OTHE NS HKE L T0T L EMm=12)5H t -

Equation r r p
TF 01 = 1.1343 x TF - 1.3415 1.00 0.99 <0.001
TF 02 =1.0521 x TF - 8.7693 0.99 0.98 <0.001
TF 03 =1.126 x TF + 16.8976 0.99 0.97 <0.001
TF 04 = 0.9609 x TF - 4.6418 0.99 0.99 <0.001
TF 05 = 0.9259 x TF + 7.7123 0.99 0.98 <0.001
TF 06 = 0.936 x TF + 20.7802 0.96 0.93 <0.001
TF 07 = 0.6813 x TF + 27.177 0.93 0.87 <0.001
TF 08 =1.0024 x TF - 1.0054 0.99 0.99 <0.001
TF 09 = 0.8788 x TF + 12.7647 0.95 0.90 <0.001
TF 10 = 0.9915 x TF - 9.0112 0.99 0.98 <0.001
TF 11 = 0.8683 x TF - 13.482 0.98 0.97 <0.001
TF 12 =1.0679 x TF - 9.6122 0.96 0.91 <0.001

EITFXX 27 B S5 E ke B4l 2 HRFPFERE TF 27977 F % ke p B e 1 254k

® 7k E T 0=12) -

27
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4. 25

2002 # 57 ~2007 & 57 AH S EAATTHE LR A 124 B o d Ak
HoRIFRETELREEBREFFOAR B FE Rk AE2 gk - 2FHE
RO BRAEIEHCERAIVESE IR s AR E > mh FERGE Y
AL LR 2 AR R TR R o @ ke THER R AR 0 B R
Aok Fok s IRk e d Sk kR T Rl L AR o AT R S 40k
WAL 2002 # 9 7 ~2007 & 40 o ZEYNUETZE R FOVRAS Z AN
£ AFE 520032006 # 0 4 T Kok THER KA R AR 1T R0

Lokfrent g g KBk AR FHIET LR kA S At -

41 +Hes

Hok 41 k4R Bk cn(pH=4.16) » @ F 3K £ 3 fhen(pH=5.30) ° & -k 7 B &
Tk e RGOk feF Bk AN P Sk £ o iRk enpH R R @ T K
hpH fd kB o org kY - HReETREF (785 psem’) > @ A kanE T R &
(110 ps em™) e B ARA K E T R M > L F H T EHIRFAP > BT AH S o By L
Pk BT REA KBS B(% 6)-

£ 62002 57 ~2007 & 5% A& -k~ Fok o~ ik d 5ok R (us em™)fe pH -

Rainfall Fogwater Stemflow Throughfall
Coductivity 11.0 78.5 38.8 12.8
pH 5.19 4.16 4.38 5.30

29



400

300 { | HEEE Rainfall
Fogwater T

— BB Stemflow

W Throughfall _ T

o 150 -

2 _

c

=) _

@

c 100

(8]

o _

[

@)

@)

c

S 50 A

N HI é:ﬁﬂ | Bl
+ - 2- N +
H Cl SO,” NO; NH,
lon Spemes

B 172002 & 57 ~2007 & 53 & -k ~ ok ~ i3k 8 5 5-keng s k& (neql") - 4 48
kgt g R LB H A TATHREL -

bk kRS R R BRI T ER LB H A o1 KT foken
AT OEAEATE RIREF (B 17) 0 B BIEA(ueq 1) LA kT B(R 18) -
PRk fed ok kR Y BAackd LB o §Rikfed EokehNa S K s Cat s Mg
R R KB (F T R ke Mg®) > @ NOy v NHy Ok & 3o s -k i< (B 17)

dOfCE et GIRLR A KRS SRR > T R SO LAk~ Fokfed gk
BORA g o A SRR B RR g L H 0% 1 SO AR IRER il ¢ 42 CL >
Na"~Ca*fr NOy > -k ¢ 35 H ~NOsfe NH, > @ % 55 -k B] ¢ 45 CI'~Na' ~K'fr Ca’" (]
19) o B>t 2 KHRaETF kB chPF P 1 » 30 Sk 3~tdk 6 o

30



Samples

Rainfall

Fogwater

Stemflow

Throughfall

100

200

300

Total ion concentration (ueq

W 182002 & 5 % ~2007 & 5 * & -k ~ -k ~iFin-kEa7F

Samples

B 192002 & 53 ~2007 & 53 &k ~ f-k ~ i3k

Rainfall

Fogwater

Stemflow

Throughfall

B
s

400

-1y

- -
Cr
BN Na'
K*
= Ca”
. Mg
v SO,
s NO,
E NH,

ki kA -

20

lon Concentration Composition (%)

40

31

60

80

e




Bk BB A RIrf ok dEF R R B ap B o d H'¥ CI ~ SO v NOy ik A o
B %o BFMA R H Y NOy ~ FrkenH 2405 #g539% ¢ Rdp M o J NOy# SO
NH, "k B chBf %0 3 A ke NOsfr SO k& & % B ARM (=0.77) > @ kR & ¢ B 4p
B (1=0.57) ; & -k NOsfr NHy k& & ¢ B Ap B (1=0.58) > @ -k & % A& 4p B (r=0.81) -
Fobo A okfrfokerNa2 CI~Mg™ kR & 8 R4 B (>0.61) @ Ca'er K' - Mg % @
BAn b (>025) (% 7~ 4% 8)-

2 TR-REBIERFIPM A 7 -

H cr Na* K Ca™ Mg** S0 NO; NH,"
H 1.00
Ccr  026* 1.00
Na*  0.13 0.70* 1.00
K" 0.14 0.30% 0.39% 1.00
Ca¥™  0.24* 0.45% 0.35% 0.41% 1.00
Mg*  0.17 0.61* 0.61% 0.67* 0.65% 1.00
SO 0.15 0.50% 0.27* 0.27* 0.56* 0.38* 1.00
NO;  0.31% 0.54* 0.27* 0.06 0.46% 0.27* 0.77* 1.00

NH,"  0.34* 0.51%* 0.64* 0.31%* 0.46* 0.49%* 0.42%* 0.58%* 1.00

*indicate significant (<0.05). Bold indicate high correlation (r>0.7).

% 8H kLI ERT UM A 7 -

H cr Na* K Ca™ Mg** S0 NO; NH,"

H 1.00
Cr 0.40%* 1.00
Na* 0.24* 0.73* 1.00
K" 0.04 0.42%* 0.33* 1.00
Ca™ 0.23* 0.25% 0.36* 0.25% 1.00
Mg™  0.35% 0.68% 0.76* 0.48%* 0.64* 1.00
SO~ 0.33* 0.55% 0.50%* 0.42%* 0.44* 0.51%* 1.00
NO;  0.39* 0.51%* 0.31%* 0.39% 0.35% 0.36* 0.57* 1.00
NH,” 0.15 0.36* 0.19 0.58%* 0.33* 0.35% 0.53* 0.81* 1.00

*indicate significant (<0.05). Bold indicate high correlation (r>0.7).
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42 k&

Aol & E AR AR s FoR IR feT FOREREE T ORI o & %’ﬁ*‘u%ﬁ%’*
Reavks Thr kg kR T8 2 RELKFESRI LA EDBEMY G KT HEH
MBLES S MFTHRF T B REEER ;A k2 THEE R 2003~2006 & -k £

TR AFHEAREPRT] > ¢ b4 FiE o

4.2.1% -k ~ %’J\ ® fﬁz/;’l\‘f‘?? % kK E mjﬁ- 'H—'—% [

AEFROREINE S FPPEDF 4 FopEd (B 20) d 3t LA T &
LRI IEe TEIBESHITESZG > 55 F BRI vk o B ARG B
PR OTEHR o X Wk TIRERMS DS RE R P SBE B LR ARR R
B bR T e SN R hed 0 LRGP REGE 0 Fla P X R DRR .

TRETHR AR R LR FEIUER AT L F R R g gk B A
Ao E BHlRh NEFERAE AHAAER o HETT R MR TR DR o IR T
AR TFEBRTORE Y L F R R g Rk BRI o RFEL A BT

‘1""?

R R ORI ERE TR ARE R EET AR RATIFESH 0L
37%:d A Rk Beh o 2004 £ 2005 # 0 i 12 nE A R d BB TR 21) -
JHAFR L ARFDF RS NE RF R HARFT A LT G R R
Benfgro 2 L REh HEE S RO AR 9 90T o

HohkBanF &g ea 2t jpd(p>0.052 FR4 5D 3 (R 20)-
BB ORE S HRE T TR E 5 0.3~38.9% 0 B BT HE g2 A g
RNt FE(R 22 FE A KIF AR DT SRR RE S BT AR R DS
FERRZE CRFIACKF A FE ORI HA A RkETE TN ER
BiARF P2 A £ 4p 12(p<0.05) (R 20) -
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1200
1000 -
800 -
600 -
400
200

Rainfall (mm)

50

4%0(2 2003 2004 2005 2006 2007 2008

20

Stemflow (mm)

2002 2003 2004 2005 2006 2007 2008

Throughfall (mm)

2002 2003 2004 2005 2006 2007 2008

Fogwater (mm)
- N

o o o
1 1

2002 2003 2004 2005 2006 2007 2008

Time (Year)

W 202002 # 53 ~2007 £ 5% @& K ~iFimok s TEASBGIR R BOEEFRL o
GL:2005# 27 R LRAFHEL  RATWENZFHEKE o)
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12000 100

I Rainfall (no typhoon)
Typhoon L
10000 - —e— Typhoon/Total Rainfall (%) 80 ;\3
B - 60 =
g 8000 - E
T 40 &
£ 6000 - <
& 20 Q2
: :
= 4000 A 0 S
= <
o
>
2000 A =
0 - -4y
2001 2002 2003 2004 2005 2006 2007 2008

Time (Year)

B 212002 & 55 ~2007 £ 5 kA L A Rkh PR R o Kb 1Y A F & HF
engeh FARH T 0 R L A Rt eije s slehR RAR G BR TRF hA £ o
H ¥ 52002 4 2007 EHFH AR 1 E 2002 & 5 5~12 9 @ 2007 £ % 15

L
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% 92002 # 57 ~2007 F5% > LREFLERY XS KRDER o

Year Date Chinese name English name Strength Accumulated rainfall (mm)'’
2002  07/02~07/04 LT RAMMASUN middle 447.5
07/09~07/10 5 ffT NAKRI light 71.5
09/04~09/08 F E SINLAKU middle 242.5
2003  04/21~04/24 wEE KUJIRA middle 7.5
06/16~06/18 R ¥ SOUDELOR middle 123.0
08/02~08/04 LN MORAKOT light 16.0
08/31~09/02 =37 DUJUAN middle 408.0
11/02~11/03 i} # MELOR light 29.0
2004  06/07~06/09 B CONSON middle 68.0
06/28~07/03 il MINDULLE middle 157.0
08/10~08/13 W% RANANIM middle 176.0
08/23~08/26 A AERE middle 918.0
09/11~09/13 a5 HAIMA light 115.0
09/26~09/27 i+ MEARI middle 21.5
10/23~10/26 K NOCK-TEN middle 404.0
12/03~12/04 & I5 3% NANMADOL middle 230.0
2005  07/16~07/20 P 2 HAITANG strong 752.5
08/03~08/06 55 MATSA middle 769.5
08/11~08/13 ¥ 5 SANVU light 124.0
08/30~09/01 %\ F1 TALIM strong 466.0
09/09~09/11 +% KHANUN middle 82.5
09/21~09/23 - DAMREY light 112.0
09/30~10/03 L3 LONGWANG strong 377.0
2006  05/16~05/18 /87 CHANCHU middle 59.5
07/07~07/09 YRR EWINIAR middle 4.5
07/12~07/15 Filgr BILIS light 250.5
07/23~07/26 et KAEMI middle 104.5
08/07~08/09 ¥w BOPHA light 2035
08/09~08/10 £ SAOMAI middle
09/14~09/16 Eiok SHANSHAN middle 210.5

FAL KR P L F %k o (2007) c b FALE o http://61.56.13.28/index.php °

VAT R L F R Gtk ERDF BRI B R TR AR o A

EEEES T
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> 800 H f_g
= o
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e 600 A _ - =2
_ i L
400 -
"1 Akt th ‘iiiﬂl “‘Liﬂ |
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Time (Year)

Wl 222002 & 8 % ~2007 £ 5% % B RE(FK+FR)EEHELEV G| 2
2 35~1440mm R AR FY ERREF Y FoRORE B RIRITE 6 0.3-38.9% -
ARAEHY At S FF o (GLI2005E 2% i RARTFTAREL 5 122003~ 2004 ~ 2006
F22007 £ 2 ¥ chTIEEF N o)

4.2.2°k % T §=

L R ARk k2 o A A5 AT 1 2003~2006 £ chE T iaa R o ok
Bk ded EoROkBEFFE 2 2003~2006 £ hE T oa g s Fok R o~ iRk ded ok
£ 4 %] 5 400521036 mm ~ 241442 mm ~ 129432 mm fr 34674868 mm - F]pt » Tk £ 7
vk 5 650£103 mme ok ~ERinok s T EKfeR g vk E AN L A& B 916.0%3.2%
86.6%4r 16.2% o @ ke f -k L F4k7k vk A kiR > A w4k 5k 94.3%Fr 5.7%Hk
Ao A okfe ke » F R 8 3.0%A Fe T iRk~ 8L7% A fe k F R B Ak & o
Flot 0 FER A HARR IR B kA kiR o H AR 153%ha ke ok Rld Bk AT
B EBF D NER X o
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13 £2nE

A EF R ERA K Fok KT R R ok AR RS A
KA R TR R KSR R B LR B S
EHEFRE TS RAENLR(TER T IFH )y A LE hF R 2003~2006

£ 4 & T iag kgha! yr! £ 57 o

430173k ~ Fok s iminokded kg A g

2003~2006 & 74 -kkchiE & A B4R 23 1w o Aok s Fok s dRiiokfed E
ke % AR A G 486518320 fv 594 kgha yrT o 7 Wk ok fofp kA BT R
W 72.6%fr 27 4% M 5 @ Fethit A AT )~ 32% % pERITOK 96.8% K B 5 0k o
FABEROAFRITEFLRB R ALK A KRR kehE A 2 B RS0 AR BETF
RFE A RE & o T BGk iRk d EokehE X o R B A ckhE £ 4 R
W @RI Tk s iR ke d ok enE £ A R A B EA k1038 0.04 fr 1.22 B o BT
EAT R R BRI AL i o A FE R R A RARF 2F o A HF L
B nE TR B LA kB FoRE S E Lo B % D RACE 24 0 2P Bk
B AARM SO SN &t £ > A4 4 14140 15.0kgha” yr' o
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v
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—
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I Rainfall
16 + v,.2Z2] Fogwater

14 +

12 + ?
.

10 é

AN\

Nutrient Flux (kg ha? yr 1)
[00]
N
NN

2+

H* cr Na* K ca® Mg

SO,”-s NO-N NH,“N DON TN

lon Species

m24MMJM63ﬁ%%»ﬁ&iﬁﬁ»gmgmﬂwﬂo@«%j@éﬁmﬁiﬁﬁ
FRR ARELSBEIFRI2T R ERP I ER L O “Na*~Ca®*"~

SO -S v N @ -

4327k 2 3 fen
CRELEES T RES S TR RS T STy SEN S I Y
eHERkefok o @Ak R A e iRk T Bk P LIRS £
AL iR AA HEE H 80478 ~ NOS-N e NHy-N (# 5k +3 § 7k )ehk & ik &<
(Rok+5K)ehE AR s @ KBI4PE » 47 H ~ SO4-S ~ NOy-N # NH, N it 5k ¥
% 5 K'Rld B & E(ttest, p<0.05) (B 25) = 2003~2006 & & H' ~ SO47-S ~ NOy-N &
NH,-N e B £ 4 5 % 020~ 4.27 - 3.61 f03.76 kgha' yr' » & [ L%+ Ap» £ 8
4149.1% ~ 30.3% ~ 65.3%r 68.3% o @ K'éfnpk ik £ % 935 kgha yr'» & K iy » £ 4
238 - kg A RIRGHES FHTE S MR FMWA T S EETE 3% &
ke ki x FiRend o o

39



Output H* flux (kg ha™ 14d?)

Output Na™ flux (kg ha™ 14d?)

Output Ca®* flux (kg ha™ 14d™)
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4.0 e 1.6 ___ ____ __ _—_
— 1 2- I -
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T30} ~12}
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225¢ o 107
= o O ©
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(7]
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8. 15 F S 06T
a o/ =
5 10¢ ° 0.4t
5‘ o 50°0 © o % ° o S
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O 05} © %OO o So02f © 5 Cg;g
o) 5 OO %o o
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z 6| = 08Ff
= 5
Z 04t 2067
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= =204 o
do2to o > S 0
: (e} 0}
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’}‘+§‘$/;’J\)}r}ﬁi A o U ]ﬁ]'!;,!‘!:.‘;-ﬁ 21— S ehBHiedr o HAML 1114 -
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5. 3t
51 +&e

pool H AR R ok b B e S B FE ) TR 07 a0 kR o
EHA KBTS PR PR RF G RRE I E e G HT N R T

5017 kfef kit Fedehy B

AT Ak GpH E(5.19) & RPN TR RF T LA RS pH E(5.0)° F iR Ao
AT F A T L 35% AP 0 PRGN ARP TR o F UK D
THERTERBG AFEREGFOF LS L 84% v RA ke kapH Efeib§ RIRA
g T ok pH E(419) A K 2 RE BER T RA K LT L Fd RCHF
B2) =0 @ b T APl FRE o T FIF R R R L R RATE A TE A P
= (Stumm et al. 1987, van Loon and Dufty 2000) o ¢* *F » FiF #m jF i -] » K& 4P
A R D s et };?%ﬁ‘i%fﬁ’ﬁi’r? 2 3V A N FHRER B R R Fod H'# CI ~
SO,” e NOy ik & e 4+ 5 i K e H 2 NOy ~ ok en H #r974 dg+ 355 ¢ R Ap b o
27 HNOs ¥ it £ AR A K R Flom A% K-k @k FIR] ¢ 42 HCI-H,S0,

{r HNO; »
SO e NOs' & & kfefp -k EHdeF R F] - 7 it % K AL @ o 7 5 0 kg
LB F AR e BEP % (2003) 1 IR BERE WAk SOTIRE R A0 B

A& -k e SO~ ™ & 35% % A éﬁi@ﬂi%] » 1P B A Bk kR o gt ¢t Beiderwieden et al.
(2007)% $ * % % 12 5 ¥ 28 {7 3 (backward trajectory)if B0 3 A R ® 0 n
Kp xTFBEF P A3 BES BT f" R i S mﬂxﬁ@%}
A ARE A Kook gF hdiR o d ARk NOy# SO~ ~ NHLIE & ehbd % -
FRA KA NOs e SO LR E B ARAM > » H-KPI TP R4eM 5 & K NOy 4o NH,"
ERE ﬂ&w%’m%k¢£&wwoaw%ﬁ&ﬂL#%Liéﬁ@@ﬁg%ﬁ4m
RRIFE o R fkiwﬁ@ﬁﬂmﬁﬁ%‘ﬁiﬁfkﬁwg Booa FRkX e F LR Bt o b3
B 7 425 & A EEAR(NHINO;) ~ 7 At & 46(NHHSOy) o fofs it 48(NH,),S0s) 1 &
Fooom LgrT BT R R EE R b 59 fo ikl gr fg 45((NHy),SO4) (Hsiao et al.
2007) » ok A ¥ AR R ok NHy e SO k& F R 7] -
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FehoNa ~Clg Ca™' s AT A keniEdags - a ke Na 2 ClIER B % B 49
%oﬁﬁiﬁ%ﬁ*%éé&*ﬁ“%iﬁéﬁﬁ°%*i?ﬁk%$%°&F%ﬁL
AL R To T MERRTA LG MORE A etal 1996) @ Ca™ H34 44 T (Taylor et
al. 1994) > d B Z R @ ko d W Cal et RARS O RPIIER FRCER S
KGR AR 2 R A 2 i BB -

512 REXF RS> Lt
oK TR o (o T B A it > % gz E (Fan and Hong 2001)fr%- & ¥ & &2
#i% (7% B2 %(Fan and Hong 2001, Stachurski and Zimka 2002) - fe % % & ® 38 &4k 0 it
TEE A GBI E LR (FREAE 1998, thv AT otk 2004) - AHFAREEF 0 AP
Wﬁﬁ?’#ﬁM$ﬁ®@¢@%%%@ﬂ?@#ﬁ%ﬂiii%%Qjﬁ?%go
Faim ' H iR S e AR T o R E R Y foig 4 RE T REE
tiE (Amezaga et al. 1997) o A % 7 Z-KehpH # & K% > Bx 2 T i ® o § ik
B B e Fariiok e Fok e NOs o NHy B B fed -k i > 7 i £ n g £ o2 48
e fz(Lang et al. 1976, F1 248 2004) - @ fp Ffrit 2 {54 30 50je NOyHle p > 77 et
H'r 4% § ¢ (Stachurski and Zimka 2002) - @ §#5-kfr 7 5%k 4+ (Na' ~ K" - Ca®" -
Mg )% oA kB enR Fl o BIF i A -keh HEEPN chB 3 7T 2P %
(Cronan and Reiners 1983) « k@ > yt i A2 & f2 4§ ) 50%¢7 {frar # (Chiwa et al. 2004) -
@ Chiwa et al.(2004) %= 3 4 ! Hiehmx fc B IS8+ chE & fApM B 7 8F 77 i
PFEPAeT Foked o 3RT R ARG A AMERT E KD pH ARG DR F] o
Levia {v Frost(2003) £ 3% fi& it ' fr2b il " 3+ % & -R &5k ehpH & > 4 3R pH
B EET Rt AR > AT iRk pH ERER R FEACEAESE D B o AR TRaR
K pH g K S RTF a A 22 R & 6 Shp e R B YRR Ay R
kY iR AT fotit 4 6 ch H B (7 35 % 3 e % (Takenaka and Sasama 2000) -
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52 k= If

BhF gy vk TEER R (T H ok Rk FECRERE R R0 6B F
BRIV FH AR TR TRy FRAPT 0 frid 22 FHRR R L
B ie BT e gtk s AR 112003~2006 £ chE L% s FoR s xRk fed gk
KEBEZG AP FRGEZIHERE  ERRY TERETRE R IERET
KEE G RERHE A LI G)g S H AP -

5213 FHEF ke T2 R

MTIWRAFTET PRE TR TR 5 Fit MM ® agvRk 2 T 2 vigg i) o
FOIERAPL > TRM AT RRE K TELR ST R R T
%ok

Bruijnzeel and Proctor (199424 % L% 2 F &k~ Tip 2 @&k E

WA Rl Gl E R 5 4~103% (TH2E=34%) - *HEF I FHEKE E AR E 6%
P BB 2 FHEHAP AR Mo R R FOKARE A E a0t B 0 BT ok A
BHRALEBGRS KRR oy AER pd Vo PR B2 HHRTKE L
% > & § 47 1% (Johnson and Lindberg 1992) » %' £ 5 £3F L % 2 5 &2 7 &1k
ke ThEE o BRI FRZHFRERIESG L B ARFTHE > ERPRIT] I ik
BBk R 4 A B e 4(4.3%) (Cavelier et al. 1997) o gt 47 3 3ok 7 2 R & 2L
EHEFELL GRS KR ApE L ZRA PR Z LRGSR LA 4R FE
PRk o B2 HFFERE LA 5 46% 0 F AT U3 Gk £ (Lovett et al.
1982) - Vogelmann (1973)** & & B er#= § ¢ & n e e -k 2224+ 3 > 254
BokRApE A £t )i 85~103% 2GR EHL B i d B AL AR AL B F
A AL R ERDF R FE AR LS R U2 oA
Pyt af@Eld  n fEFFRe T FAkTE KFA) R Eoh @
(Bruijnzeel and Proctor 1994) gt ¢t » Bruijnzeel and Proctor (1994) & &2 £ %4 L % £ 5% &
HEHHFE KT ER o7  BRZFHFELEEREL LM > L5 &%
FOZHGHE Ve T FhEa L Pl r AREZIHFHFE LT

2.0 F Gt B KR F oo
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Rk

Levia and Frost (2003)¥ #g # F § % % &kchdzink 24p 8 B3 - &ic 5 e

L e fer HaEAR R ARE A R0 )i A B 5 <I~14% (T HE=3.4%) » 1~20% (=

33E=7.6%) > fr 1~45% (- $218=9.5%) - Bruijnzeel and Proctor (1994) #@ £ F L% 2 5%
ok THEp D RF LR 2 G Hirauriok 2R R okl s 0.1~10% (32
E=33%) c AERIEKRIE A B A 65 3% Ba AR ERIIKE kA B
P EEF HHRfeEF LR 2 H AT > R AERT ks ML e R g Atk o
PRFGEEREORERRET T RAARF G F RfclE e L R PP F A F
FRMFCKEOROTVAEEFOLE > ¢ 1T S A% A (Levia and Frost
2003)f- DBH (Weaver 1972) » 14 % ¥ 2 {5 47 5 & ~ B4 B chsg it > fors & EANERE Ty
F 8 ~uph 55 R 7 M (Levia and Frost 2003) o o M izi -k £ 4p 80 5 Z-R £ 229 ) a0
Spero wm- By Lk Erick a2 £ & ¢4 (Johnson and Lindberg 1992) o
m %k

T E KRR RS HRTS F X % o d Cavelier et al. (1997)fr
Bruijnzeel and Proctor (1994) B2 £ % L % 2 F itk T £F L% 2 F&1k75 %K
Aot a £ant b5 62~179% (T 11E=88%) - Adzik® it £ 2 HHFIRT LF
T HAER G TR RARE R B At B S 62-80% > @ & BTHRITHA AasE XL f
LB 5 130~180% 5 ¢t > d Llorens and Domingo (2007)4 2 Huber and Iroumé (2001)
B gy ¢ B R o flavk e T iR RS ST R kgt A g gt
Bl 5 52~88% (L 32E=T4%)c v A F B F AP HT EFLEFR2F FHNTELE
ARF % o AFE®RTFOKEAAE A L I HIERT% A LR 2 F HHE %
oo BT TR R enF] S F 3 A 54 (Weaver 1972) ~ 5 4 % & (Igawa et al. 2002b) °
P& Oyama > d 22 FaF# > 7 R EREA A bem H e o LTHeHT ZKE BT
Z % § 12 % (Igawa et al. 2002b) °
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2 10 2 F 2 FHHPE T RE@PET R L 5%) -

Altitude Rainfall Fogwater  Throughfall  Stemflow  Interception
Location Reference
(m) (mm yr-1) (% of Rainfall)

America (New York) 950~1100 1147 14 103 0.1 11 1)
America (North Carolina) 1740 2034 20 106 0.5 14 (1)
Taiwan 1400~1700 4005 6 87 3 16 2)
(1) Johnson and Lindberg (1992) ; (2) This study.

LI

By dd Ak goR-F kY a2 FHH Siharkap g Ak vk
ok oo ]t "fjkf%*ﬁ"l(ﬂ SR B FRNE S A REEH AR T REET
Wh e R 2 FHMPEFT R A R+F KT RK-F kAT A A ERE T
R R B E 16% B ERe fen pF V2 FhiAp(E 10) 22 FHEH BT
0% %88 5 oot pF 5 B (Bruijnzeel and Proctor 1994) o

,3%71\7"‘1.} Rk~ THREHEFD L -3 FHRE RO REBI R B E
FiEFFRF EAAE e 6 DBH AR R S el AR A 2 8
BOBA TR g E o s 3 N & bam g % (Weaver 1972,
Bruijnzeel and Proctor 1994, Levia and Frost 2003) ; @ # i F]+ Rl & £ 5 § vk 72 & ~ K
FrAl bR e R E RIS R PR R T B ohut pF 2 (Bruijnzeel and
Proctor 1994, Levia and Frost 2003) °

S22 HHMF LRI BHEFET RE AL
— LRk A R E A A KfeR ok 2 AR - AR S T 2
#@‘é\md\/}ﬁ;]» o FP s Bt E B Ak TR A HIR ST VA s

BFam B8 % o AT 2003~2006 & 4 & chE L3R § o~ Kok ik e EokE

=3

)

B0 BRI EVZHERHE IR T KEL 409 mmo A T BRI HHEOERTKE L 650
mme %7 AR AT EFR LA FLG 2 FHFE > KK E 241 mm R T o
ERFTKENEFEE L 16% F103 mm) o 27 ! LR ZHFHFERF > BT K GarkE>
BT E o LPRARFFEFTE IR T FLAGZHHE > R MG AR O
FRE MEPEZZHFRTRE o d PP LT RARRDRTRE > 2 FHFE
REOFREFT R abiho Flpt o N2 FHELESBRTRE DI FHEH T EFEK
S THTRERAER YR ZGWERE Aot A P RE G SRR T RE -
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53 %A nE
11 2003~2006 & & T iaa Kook drk A B £ A dct s R FEHZEHARTE A
AR o B R R RS e (S o N) o R R L RLE R mB s

R R R SIS SUETEE 3

53.12 H#EHA L et inf

AT RERT AMRTE S ROEFERZ A K(B 18) L & 4t B AT R
KR 23) T A kel B R G RKR R SRR kA B £ 406%
ﬁﬁ*ﬁiﬁﬁﬁi’#%¢ﬁ%9ﬁ%§m@¢%o@%¢@ﬁ%%%6%ﬁ¢¢,
Frie i 27% kg A 0 T A HH AR A SR DL PET F AR F LG T HH
»,%ﬁﬁ@%%ﬁ%¢@ﬁ%@ﬁﬁ%@wmmdd%m°*ﬂi?%ﬁ”“%@%
i HFFRERNFY O FIEN 2 H 0 KE AR R SR D ¢ bk
AN AR S L R e T AL a R S S AT R
B ien SR H o SOM-S &t o2 FenpFiz - 54 7 B (ttest, p<0.05) ; fe
BAEERE PRI 2%k T8 AR (ttest, p>0.05) o @ Cl~ Ca™ ~ Mg” R & %
T RIZFHFE D K TR S E(ttest, p0.05) 5 B lvE E HRE 0 R IRd Bk Mk (ttest,
p<0.05) (Bl 25~ ] 26) = d o+ 7 LGP 4R MR T T 2 EY B0 2 FaFE ek Ak

A FEGa BRIV R SR T ER o
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Output NHA*N flux (kg ha® 14d™) Output SO,%-S flux (kg ha™ 14d?)
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532 E HARL G 4 & A BRAET

FEFMTHEY OREH AR G G A flE Fea ApE G § ¢ S0,
fe NG 420 £ Pl £ 40 F1 5 SO, o NOsy 5 4 & chikfed Fod SO fr NO i+ @ % -
U g g SO4T-S o N R i R Ao TRh i B 0 IR A R R X et e iR
o el 3L HHRINS L
m SO4-S

WA TR TR SBARLD AR EER CBARE S ST fo S L 6 B A2
fE 5 eh SO -S # it B 0 B I 5 Atk SO4T-S ehiE it B 4% 10.3~44.7 kg ha yr!
A &k T SO.-S e ' B (14.1 kg ha! yr')gr 24554103 kg ha yr') o+ Fr 2 (12.0 kg
ha! yr)Apig (2 11) o KA > 4 b AR ES TS imi 4 Vg “hk c B2 ¢ &
B F I Ar(2004) 8 $ 6 B Atk ik SOT-S g s Bk (T B o &
FAL > F I 6 B Ftk SOS-S s R AL EH TR A7 0 B Y AR L SOS-S
Gt B L ARETRR f R 10 Bt e BT f R R A & R0 ket o
45 B Btk SOZ-S ehfeft f i & 3~5kgha! yr' o i E 1 T § Al A F SOS-S
ki s E A EFE SBEL SRS RF > I S05-S ik RALBTRR £
jg}‘ o
= N

AT HE NaE T 2(15.0kgha’ yrh)er 5 #8450 (17.9 kg ha yr') (4% #
etal. 1998) ~ %74 (13.9 kg ha yr'') (Hsiao et al. 2007) » 4= % 7 ¥u(11.4 kgha' yr'') (F£ 2
7 2000)e0% % 491 o ABEA SOT-S F R ER 0 S AR N E R R
o N e s B E# # 4H4r SO7-S it '8 £ @ & (Schulze et al. 1989) » # ke N T
B g5 10~20 kg ha! yr' (Bobbink and Roelofs 1995) o & & % N & jw s £ jx 3

2P o kRN TR f 0k mAREE S N R ol f b 4 o

\

#2011 S &HRSOSS Em Rl i mE(kgha'yr') o

Site

Fushan Pinglin Lianhuachi Piluchi Shanping Taimali Chi-Lan Mountain

SO,*-S deposition 44.7 433 22.3 10.3 28.0 12.0 14.1
S0,”-S critical load 3.7 11.7 33 5.0 33 4.0 -

EIEFLIAFLITHE BB ERTHEE RSP LA F L F HEA5(2004) o
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AL i g BETEF Mo AR & SO N e 3 M (Bobbink and Roelofs 1995,
Dise and Wright 1995) - Dise and Wright(1995)** %' 65 i & ife -k F b7 3 @ gt ¢
N £<10kgha' yr'i2 4 &8 % N gk 10~25kgha' yr' - £ 4 %% 4 Nk >25kg
ha' yr' #74 # R385 2 Nk o 2P 7 HE NehE TS € 5 150 kg ha'! yr' » F) >
Faed N e F 2 o N3N g 1% N385 B o w2 454
I REE e NHy > NOy RIS ted ke > Bid bt > 103 TR N3l ik 4
f& % (Schulze 1989) o
FE AR SOSSIeN T cnE % o dok M A g A4 2 2 T A R EE
FIAATF] AFRFISBFEL HHRP T L o AR RERaS P o Ra o poaipl
FARw AFRG HFHRBFIDOE(R ¢ & <« F X F #3297 2004)0 S8 gk d kW
AFIEM T E D DR EHE IOV R T AR AR ERIIINIRF Ko § R s
& (Bormann 1985) « #4547 4 - U pFEp > 7 F R RS R LR IR % -
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CHTEORL A o A B

AR AERSIEFIORE o R R THF LR 27 &7 o PR e e A0 o

R NE ~ 2 HRDR RS 00 T KRk s kg akief-k o a #d itk
KA B G REF  FAC R G P 3NA B o T G hE S A ME A fR2F H
oo A IR e F fptRoE-20 £vE (Bruijnzeel and Proctor 1994) » g gt » £vE 3 3 o 4T
BB Q00T AR B AR E EICE DT RIS EF ~ o B3 HQ2004)58 %

Bt EacE ié&f‘:,i{;](&@?] B 6% 5B E 255 mme fetk Tt R IRE ﬁ?l »

(Fok+ Gl i (S B EFCR)RF R EHLERE > 5 3341 mm > L& £51834

Rainfall + Fogwater = Evaporation + Transpiration + Seepage

P el
=82

Raintall Evaporation - ’J
4005 mm 650 mm
' Fogwater Transpiration | =~
241 mm 255 mm R
EHENEKSBAZS

i @ G tem@eE 2004 0 —~

Ecosystem

=0 »

Seepage(?) =3341 mm, 83%

Data from 2003 to 2006.
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Fthark s o
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ZHHAERFE A

AALRYDF LA L% 2 BWEHAET RS o SR PHFE AR R

0
T AR T AR Ak R (6%) 0 it BALE 14 ikt Ao 7 A

N R R R R RS R S R T s
Bene 3 ie% o QR Gkly LRAR AR REFHE LIRS A kAT
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7. % kFE R

AT R EFLERRRAEZ At c ARFHREHIMRTRGT A F 00
PR ERT G F i KRRk TR R R TR o MY R kR 0 7 02 HYSPLT
(Hybrid Single-Practice Lagrangian Integrated TraJectory)11 F oL B R R R KRR A
B RERET R (S F )T AR ALE o a @R f AR
(SOF S fr N)ehig & » 7 1 54 Wz @ & 4§ % 43845 (2004)chp § o po a2 § E A *
THBAIFE N AFIEOL P EFEAGE O L NIRRT REREERA LA
oA Z IR PRI i B3OV A HE Y F e F s RREBEF LN R
FoTF REAFEFASOSSTRE LR oA NIk f i & R e H NG
MR & % & F o071t (mineralization)fr 2 4+ F ¥ (immobilization) # FL o s & Ak
TG EETHR U LR T RENGRALFE -

" http://www.arl.noaa.gov/ready/hysplit4.htm]
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8. 5% ¢}§J<-

FEZ 2005 A nHEHAIE AEL B RERAF AR ELTT R AE S
PARTRE AL ALk o TR

T Ache 22003 © M HF BRN G R 2H AN SR PP HARE R A ELF P
RERE R YR LG Y o TTER -

2 AT oA B 0 2004  Am b AR A k2 A F TR o ¢ EARRREEF 6P
27:242-258 -

HEF2007- FHHPH T oBafp etz (ATHRTFkELFT -H2AELF
AT RERFL VA LG > TTER -

HREM S M- T4 e 2R 21998 0 AR L ESR RIS B F UE 2 4Rt o ¢
EHRE £ 31:153-164 -

HWEMN S EEMR T 44 ~FT2F 58 LFIH A 2 1996 481 d B Hra k= & Kk
Z4Fet 5 RETF] S A 4T o P B

Bz ¢ & X8 F H I o 2004 0 &

4

g 55 29:121-131 »
FraAdr LBt Fme 2 A Ealsi e

EPA-93-FA11-03-A051 » 7 rcladh it R % -

M+ 3522006 HHPH R o Bapizii kB2l R AEAF)RTRELFTY
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o

SR Lhe o IR
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%
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T E 3 0 9:1200 -

FARAE © 2003 © H B dthd Rk

|+

i ﬁxﬁgg\?ai\*ég\gﬁg\gii\gég\%;

~m!

o

S E TR ALR 22002 0 SR HRRICES TRITA L c BRHRTRED AF

/\‘

FASH N LEH - R AEA ) AT R

TR LY o R

2R

FECP ~ il ek THE(2003) o B R R RTE R R ERFL Y o 7 FRRR

B B > www.ilepb.govitw * FAF 2P EH T I K 0 QER o

W5 02006 0 2001 L L AR 2 R B 4 A B FREE T Lk o
F] o
TR 2007 c AR EHFERFZZFLEZ AN EE M2 &g KT

RE I TR L% o TR o

59



FE2004c SRt FRAIFAREGH R AEAF ) AT R
Py ALt o TR o

FIZ40 22004 W k2 B0 2 TRAS HA LS FRLRF

FREE T AL o TR

énb)
=g
=
|4
P
¥
A
+%
oo
B2

o

ZL"i

FlEx= 2005 TH VW BFHFZ LRI EHFLL47 o W2 P L X< FHEFFT 90
L@~ o FHFIRR

FIRE 2006 HHEP o B atp T RTRLATHGL L BEF e - A HEAHE2
Fr o R2AEXFART R TR LEH Y » TER -

[22E4 -’f ©2000 ° & &7 ML FHERORF R BRAEICE o B 2 Y 0 2:21-33 ¢

B3 o2004 HHPH R o iRt B A EITEY 277 R L ELHEPRE
TR e o TR -

Amezaga, 1., A. G. Arias, M. Domingo, A. Echeandia and M. Onaindia. 1997. Atmospheric
deposition and canopy interactions for conifer and deciduous forests in Northern Spain.
Water Air and Soil Pollution 97:303-313.

Beiderwieden, E., A. Schmidt, Y. J. Hsia, S. C. Chang, T. Wrzesinsky and O. Klemm. 2007.
Nutrient input through occult and wet deposition into a subtropical montane cloud forest.
Water, air ,and soil pollution 186:273-288.

Bobbink, R. and J. G. M. Roelofs. 1995. Nitrogen critical loads for natural and semi-natural
ecosystems: The empirical approach. Water, Air, & Soil Pollution 85:2413-2418.

Bormann, F. H. 1985. Air pollution and forests: an ecosystem perspective. Pages 434-441.
American Institute of Biological Sciences.

Bredemeier, M. 1988. Forest canopy transformation of atmospheric deposition. Water, Air,
and Soil Pollution 40:121-138.

Bruijnzeel, L. A. and J. Proctor. 1994. Hydrology and Biogeochemistry of tropical montane
cloud forests: What do we really know? Pages 38-78 in: L. S. Hamilton, J. O. Juvik and
F. N. Scatena (eds.). Tropical montane cloud forest, New York.

Cavelier, J., M. Jaramillo, D. Solis and D. de Leon. 1997. Water balance and nutrient inputs
in bulk precipitation in tropical montane cloud forest in Panama. Journal of Hydrology

193:83-96.

60



Chang, S. C., 1. L. Lai and J. T. Wu. 2002. Estimation of fog deposition on epiphytic
bryophytes in a subtropical montane forest ecosystem in northeastern Taiwan.
Atmospheric Research 64:159-167.

Chang, S. C., C. P. Wang, C. M. Feng, R. Rees, U. Hell and E. Matzner. 2007. Soil fluxes of
mineral elements and dissolved organic matter following manipulation of leaf litter input
in a Taiwan Chamaecyparis forest. Forest Ecology and Management 242:133-141.

Chang, S. C., C. F. Yeh, M. J. Wu, Y. J. Hsia and J. T. Wu. 2006. Quantifying fog water
deposition by in situ exposure experiments in a mountainous coniferous forest in Taiwan.
Forest Ecology and Management 224:11-18.

Chiwa, M., A. Crossley, L. J. Sheppard, H. Sakugawa and J. N. Cape. 2004. Throughfall
chemistry and canopy interactions in a Sitka spruce plantation sprayed with six different
simulated polluted mist treatments. Environmental Pollution 127:57-64.

Cronan, C. S. and W. A. Reiners. 1983. Canopy processing of acidic precipitation by
coniferous and hardwood forests in New-England. Oecologia 59:216-223.

Dawson, T. E. 1998. Fog in the California redwood forest: ecosystem inputs and use by plants.
Oecologia 117:476-485.

Dise, N. B. and R. F. Wright. 1995. Nitrogen leaching from European forests in relation to
nitrogen deposition. Forest Ecology and Management 71:153-161.

Fan, H. B. and W. Hong. 2001. Estimation of dry deposition and canopy exchange in Chinese
fir plantations. Forest Ecology and Management 147:99-107.

Gorham, E. 1998. Acid deposition and its ecological effects: a brief history of research.
Environmental Science & Policy 1:153-166.

Hsiao, H.-M., T.-C. Lin, J.-L. Hwong, C.-C. Huang and N.-H. Lin. 2007. Precipitation
chemistry at the Lienhuachi experimental forest in central Taiwan. Taiwan Journal of
Forest Science 22:1-13.

Huber, A. and A. Iroumé. 2001. Variability of annual rainfall partitioning for different sites
and forest covers in Chile. Journal of Hydrology 248:78-92.

Igawa, M., T. Kase, K. Satake and H. Okochi. 2002. Severe leaching of calcium ions from fir

needles caused by acid fog. Environmental Pollution 119:375-382.

61



Johnson, D. W. and S. E. Lindberg. 1992. Atmospheric deposition and forest nutrient cycling:
a synthesis of the intergrated forest study. Spring-Verlag, New York.

Krupa, S. V. 2003. Effects of atmospheric ammonia (NH3) on terrestrial vegetation: a review.
Environmental Pollution 124:179-221.

Lang, G. E., W. A. Reiners and R. K. Heier. 1976. Potential alteration of precipitation
chemistry by epiphytic lichens. Oecologia 25:229-241.

Levia, D. F. and E. E. Frost. 2003. A review and evaluation of stemflow literature in the
hydrologic and biogeochemical cycles of forested and agricultural ecosystems. Journal
of Hydrology 274:1-29.

Lindberg, S. E., G. M. Lovett, D. D. Richter and D. W. Johnson. 1986. Atmospheric
deposition and canopy interactions of major ions in a forest. Science 231:141-145.

Llorens, P. and F. Domingo. 2007. Rainfall partitioning by vegetation under Mediterranean
conditions. A review of studies in Europe. Journal of Hydrology 335:37-54.

Lovett, G. M., W. A. Reiners and R. K. Olson. 1982. Cloud droplet deposition in subalpine
balsam fir forests: hydrological and chemical inputs. Science 218:1303-1304.

Matzner, E. 1989. Acidic precipitation: case study solling. Pages 39-83 in: D. C. Adriano and
M. Havas (eds.). Acidic precipitation, Canada.

Mclannet, D., J. Wallace and P. Reddell. 2007. Precipitation interception in Australian
tropical rainforests: II. Altitudinal gradients of cloud interception, stemflow, throughfall
and interception. Hydrological Processes 21:1703-1718.

Pitelka, L. F. and D. J. Raynal. 1989. Forest decline and acidic deposition. Ecology 70:2-10.

Schulze, E. D. 1989. Air pollution and forest decline in a spruce (Picea abies) forest. Pages
776-783. American Association for the Advancement of Science.

Schulze, E. D., W. Vries, M. Hauhs, K. Rosén, L. Rasmussen, C. O. Tamm and J. Nilsson.
1989. Critical loads for nitrogen deposition on forest ecosystems. Water, Air, & Soil
Pollution 48:451-456.

Smith, R. L. and T. M. Smith. 2000. Elements of ecology. 4 th edition. Addison Wesley

Longmn.

62



Stachurski, A. and J. R. Zimka. 2002. Atmospheric deposition and ionic interactions within a
beech canopy in the Karkonosze Mountains. Environmental Pollution 118:75-87.

Stumm, W., L. Sigg and J. L. Schnoor. 1987. Aquatic chemistry of acid deposition.
Environmental Science & Technology 21:8-13.

Takenaka, C. and T. Sasama. 2000. Ion exchange reactions on the stem surface of
Chamaecyparis obtusa Sieb. et Zucc. Trees - Structure and Function 14:354-360.

Taylor, G. E., D. W. Johnson and C. P. Andersen. 1994. Air pollution and forest ecosystems -
A regional to global perspective. Ecological Applications 4:662-689.

van Loon, G. W. and S. J. Duffy. 2000. Tropospheric chemistry-precipitation. Pages 90-114
Environmental chemistry: a global prespective. Oxford, New York.

Vogelmann, H. W. 1973. Fog precipitation in the cloud forests of eastern Mexico.
23:96-100.

Weaver, P. L. 1972. Cloud moisture intereption in the Luquillo Mountains of Puerto Rico.
Caribbean Journal of Science 12:129-144.

WRB. 1998. World Reference Base for Soil Resources.in F. a. A. O. o. t. U. Nations, editor.
Rome.

Xu, X. N., Q. Wang and E. Hirata. 2005. Precipitation partitioning and related nutrient fluxes

in a subtropical forest in Okinawa, Japan. Annals of forest science 62:245-252.

63



64



9. ik

e 1 2002 & 5% ~2007 & 57 @& -k ~ ok s ik

frk & k& (mgl") -

#2 R (@s cm™) > pH

Rainfall Fogwater
Min Max  Median Mean SD Min Max Median Mean SD
Conductivity 1.8 59.7 7.8 11.0 9.5 11.2 294.0 65.6 78.5 48.7
H' 0.00 0.11 0.01 0.01 0.01 0.00 043 0.07 0.07 0.07
Cr 0.00 6.15 0.23 0.29 0.67 0.00 10.00 1.10 1.36 1.83
Na* 0.00 4.13 0.15 0.22 0.60 0.01 6.73 0.66 0.77 1.25
K" 0.00 0.97 0.08 0.10 0.13 0.00 2.02 0.26 0.27 0.30
Ca* 0.00 1.07 0.21 0.17 0.22 0.06 7.48 0.39 0.56 0.95
Mg2+ 0.00 0.63 0.06 0.06 0.08 0.00 0.83 0.15 0.16 0.16
SO,”-S 0.00 2.66 0.27 0.24 0.52 0.00 14.86 1.70 2.02 2.03
NO;-N 0.01 1.15 0.11 0.10 0.19 0.00 7.66 0.86 0.98 1.24
NH,*-N 0.00 1.29 0.07 0.08 0.21 0.00 6.53 1.05 1.20 1.09
DON 0.00 5.38 0.04 0.08 0.68 0.00 5.33 0.11 0.20 0.63
TN 0.01 5.93 0.27 0.21 0.78 0.22 18.81 2.10 2.15 2.73
Stemflow Throughfall
Min Max Median Mean SD Min Max Median Mean SD
Conductivity 44 167.9 31.0 38.8 29.8 29 70.1 9.2 12.8 10.3
H' 0.00 0.38 0.05 0.04 0.08 0.00 0.07 0.01 0.00 0.01
Cr 0.00 6.89 0.55 0.48 1.11 0.00 8.33 043 041 1.06
Na* 0.05 2.84 0.38 0.28 0.47 0.00 13.96 0.22 0.32 1.68
K* 0.00 4.37 0.21 0.21 0.53 0.02 3.85 0.49 043 0.63
Ca* 0.01 2.45 0.21 0.20 0.40 0.00 2.31 0.33 0.26 0.39
Mg2+ 0.00 041 0.05 0.05 0.08 0.00 1.01 0.10 0.09 0.16
SO,*-S 0.00 440 0.31 0.27 0.62 0.01 5.20 0.30 0.29 0.79
NO;-N 0.00 0.26 0.01 0.01 0.03 0.00 0.71 0.07 0.06 0.12
NH,-N 0.00 1.70 0.02 0.03 0.21 0.00 0.85 0.04 0.05 0.16
DON 0.00 0.68 0.14 0.09 0.12 0.00 0.62 0.08 0.06 0.11
TN 0.00 1.97 0.19 0.12 0.28 0.03 1.50 0.22 0.14 0.31
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a5 2 2003~2006 & & -k ~ Kok s iEinok

el

% 5k ek £ (mm)2 % A 5 £ (kg ha yr') o

Rainfall Fogwater
2003 2004 2005 2006 Mean SD 2003 2004 2005 2006 Mean SD
H,0 (mm) 2752 3953 5288 4025 4005 1036 298 245 205 217 241 42
H' 0.19 0.11 0.34 0.27 0.23 0.10 0.24 0.26 0.09 0.11 0.17 0.09
Cr 10.84 9.93 1046 6.60 9.46 1.94 5.00 5.70 2.78 2.08 3.89 1.74
Na* 7.85 8.43  10.04 3.59 7.48 2.75 1.75 3.80 1.90 1.23 2.17 1.12
K* 6.24 2.56 3.15 1.38 333 2.08 1.18 0.69 0.64 0.40 0.73 0.33
Ca™* 6.14 6.94 6.15 7.03 6.57 0.49 0.92 1.83 1.02 0.61 1.09 0.52
Mg** 3.62 2.46 242 0.85 2.34 1.14 0.42 0.59 0.26 0.23 0.38 0.17
SO,7-S 722 1097 1042 8.84 9.36 1.69 3.84 5.92 5.24 3.92 4.73 1.02
NO;-N 2.48 3.53 3.81 3.63 3.36 0.60 2.72 2.02 1.99 1.92 2.16 0.37
NH,-N 2.79 2.46 3.55 3.15 2.99 0.47 3.54 2.08 2.03 2.39 2.51 0.71
DON 0.72 4.04 7.97 1.34 3.52 3.30 0.46 0.70 0.15 0.67 0.49 0.25
TN 3.87 9.10 14.73 7.74 8.86 4.50 5.74 4.76 1.91 433 4.18 1.63
Stemflow Throughfall
2003 2004 2005 2006 Mean SD 2003 2004 2005 2006 Mean SD
H,0 (mm) 99 136 171 111 129 32 2402 3426 4527 3512 3467 868
H' 0.06 0.05 0.04 0.03 0.04 0.01 0.08 0.13 0.23 0.20 0.16 0.07
Cr 0.79 0.75 0.39 0.31 0.56 0.25 11.58 1640 10.88 10.15 12.25 2.83
Na* 0.44 0.29 0.30 0.19 0.31 0.10 11.96 6.64 6.94 4.46 7.50 3.17
K* 0.53 0.16 0.15 0.09 0.23 0.20 11.75 9.63 1339 1796 13.18 3.54
Ca™* 0.30 0.16 0.16 0.40 0.26 0.12 6.84 8.80 8.87 9.11 8.40 1.05
Mg** 0.11 0.04 0.05 0.04 0.06 0.03 3.70 1.71 3.24 2.32 2.74 0.90
SO,7-S 0.32 0.39 0.35 0.30 0.34 0.04 7.22 9.06 11.34 1031 9.48 1.77
NO;-N 0.01 0.02 0.02 0.02 0.02 0.01 1.39 1.99 2.26 1.96 1.90 0.36
NH,-N 0.04 0.03 0.04 0.06 0.04 0.01 1.80 1.32 1.45 2.24 1.70 0.41
DON 0.10 0.09 0.13 0.13 0.11 0.02 1.75 2.17 1.76 2.78 2.12 0.48
TN 0.14 0.13 0.19 0.17 0.16 0.03 4.74 4.78 5.31 5.84 5.17 0.52
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