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Abstract

Formosan Landlocked Salmon (Oncorhynchus masou formosanus), an
endangered species that can be only found in Chichiwan Creek in Taiwan, is not only
the natural asset for Taiwan but also for the world. The decreasing habitat due to
human activities motivates us to understand the temporal and spatial distribution of
water quality and stream temperature in this watershed. The investigation and
understanding on the mechanism of water quality and stream temperature changes

within the watershed will help the managers to efficiently resotre the habitat.

Through the intensive investigation on water samples in temporal and spatial
aspects, it was found that the expropriated vegetable farms (inactive vegetation) still
contributed lots of NO3-N and PO,4-P to the stream. Even if the expropriated farms has
stopped growing vegetable for 2~3 years, the annual NO3-N and PO,-P yield from the
inactive vegetation were still as high as 356.57 kg-N/ha/yr and 4.21 kg-P/halyr,
respectively. Although the yields were much lower than those from the current
vegetable farms (2698.1 kg-N/ha/yr and 5.38 kg-P /halyr), they were still higher than
the yields from the current orchard (124.16 kg-N/ha/yr and 1.19 kg-P/ha/yr) indicating
the consequences of fertilization in the past. If all the rest vegetable farms were
expropriated, the reduction of annual NOs-N and PO4-P export among all the
subwatersheds would reach 58.7%~80.9% and 2.6%~15.1%, respectively. Most of

the NO3-N was leached out via the light and moderate rainfall events. It is not like
PO,4-P that often attached to the surface of eroded sediment was flushed out in the
very short time span, i.e. typhoon events. According to the results of flow pathway, it
was found that when typhoon invaded, surface runoff contributed more than 50%
streamflow and then subsurface runoff and groundwater. Except storm events,
groundwater discharge was the primary contributor then subsurface runoff. However,

we still need more field observations to validate our conclusion on flow pathway.

For study on stream temperature, it was found that the orientation of river and
riparian canopy would affect stream temperature. Hence, several planting strategies
along Chichiawan Creek have been evaluated. Upstream planting having the best
performance on reducing daily maximum stream temperature was strongly
recommended. If the riparian canopy in the upstream could create shades on the entire

stream surface at any time, more than 1 km suitable habitat would be created for



Formosan Landlocked Salmon. To improve the stream temperature model, cloud
effect and surface/subsurface runoff input has been incorporated into the model
making it capable of continuously simulating stream temperature for both rainy and
shine days. The well-validated model can be applied to evaluate the impacts of
short-term weather variabilities on stream temperature. The finding, the effect of
cloud is more siginificant than surface/subsurface runoff input, support the idea of

riparian planting which can diminish solar radiation.

To keep monitoring water quality in Chichiawan Creek is essential to understand
the consequent effects of farm land expropriation. The Chichiawan watershed can be
an ideal example demonstrating the effects of land use changes on water quality.
Stream temperature is one of the most critical environmental factors for Formosan
Landlocked Salmon. To keep monitoring and looking for alternatives to reduce stream
temperature is the most critical issue, particularly important because of stress from
global warming. The results of this research can be a reference for the associated
authorities to manage the watersheds to mitigate the impacts on aquatic habitat

resulting from climate changes and land use alterations.

Keywords: Non-point Source Pollution, Pollutant Transport, Stream Temperature,
Riparian Planting Strategy, Formosan Landlocked Salmon.
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EREEE ARG R o dd R R AR TRR] > R BONE RS LR
[£30- 0 Qe @ﬁiﬁﬁvﬁ-% P T HEFEEREMFLA KRR B RAEE RENA
B A g A HPBER RN LB EY PO fR e o

kP THEDI R GARF I TR R A RS AR L RE TR
Fook? ZHE L EREF DA P eniz S (W 2000) © i b2 0o F & Bk
SRR AR 0 X FRA IR AR BRER Y 0 KD X Rt R gk Bt R AR E
B 435ih@ 3 im0 (Gelbrecht et al., 2005) » #72 % & i 1A EATE 3 0§ BV
RHBTAe S GRS R P O EFARIREA T IR YR BEET B e
fRr ke > AL EEDE AR @A R .

= RSEERE G A B 110km® > & B AR AT AR T Bk E A 5 T ERR
R AB TR FAERR ﬁ%»hﬁw%hﬁ1’1+%kﬁ NS ARe2F 4
B ivE- gl B2 !;,_Lﬂs;wﬂii&x—lﬁx SEE RS D PR LR kR
NOs-N 2 PO,P i & 2 &2 L B F|F+ Fenfd th (R 5 ) #5 B3EfRE ~ 3

R E N BN RS- FIB RPN R DRy

22%&%%%@%&“
ABRAAS FIRIFF o E AR S0 BT L ERenE SRR

T E5lden X rEYRP A B L (Pimentel 0 1993) s 2 R i b 0 F)

R

PR ARl I ﬁg,] £ 02 5% 1961 1 1997 & AP i 4c 7 = & (Howarth
et al. » 2002 ) > - J%;iégﬁ;:»]p 1/3 ﬁﬂﬂ%»{ég;g@ 2 :‘_,HL,‘J;,A RIS 5
22} ﬁiﬂ CEAER BN RY REFAHA > ERKP B F 2 AFBAHALF
(National Research Council » 2000) > ¥ *F > 3 4v % ﬁ"‘l Bk it
(Wellington and Driscoll » 2004 ) o 32574 R er > A L 3 3 % e & b & Al

R¥F ﬁsw] V2P e B F R (Salvia-Castellvi et al. - 2005) > d »t & R4
28 9?31?] kp AR EFaeplaga s § éﬁj:".fé.# ERBETHRBRELH O A
MR 2B RN AT FRF LT L B IR e PR TR e E o

SRR EAE ST TIEE SIS ER R IEE S R R



W22 LFF I kYRR E R P TRAI B R LR KRR ART
% e e Bk R A @;ﬂiﬂ S Ao e ] P %‘rmﬂiﬂ ( Ogunkoya and Jenkins » 1993 ;
Cassie et al. » 1996 ; Elsenbeer and Lack - 1996 ) > iz 7 7 2 58— H 2 FH A 5
a3 (mineral acid) 2 @ﬁ%@ﬁi (Schnabel etal. » 1993) > g+ &t Kk p
%> FIR L iE*r @ A 4 e 2% (Johnson et al. > 1969) 5 2 X RPN 3 57
2t Eai 2 % (Boyeretal > 1996) -

- Ak HARRFLAPETF U T BREKREP (P R
S5 TRR M %) ffE 3 R ?§3~i“g§3,3;%:;:},@ (Salmon et al. » 2001) >
P g8 FHF RiRE lé;ﬁiﬂ BT EIL o - AR FRE L ad B
Flp ALK S B P SR R A2 A Bk R NG - R
b FR IR R R AR ke R en e Gl URE 2 e ¢
T > B Si 2 CathE & kiR BRR LAY A EESAT A% m

)‘]

4_{»

kP RRIFI R R BE FIE Aokt A ERAFROR G FEL P Y vk
ﬁ“§%®%§W$’m«ﬂﬁﬁka%zﬁ%g’Eﬁm%ﬁ@%ﬁ«ﬁxg
R R SR N SR AR BRI R Rk LA S VA S R
PR A s g IS 0 FlG Aok A B gAY o ZF g R I
kRS & @ Rt R RARR o T B R4 B PR e Y
kR T - BT @A TERE I ER RS R EAT N B k05 E
Mgl (B ) LW EF S Ay I MA R PERRTT RS
L E O R AT MR R TR T EAR S B D 4 @ 3
oo B R BEF A AR BT FRITARER I A E e
(YRR EESEE E LA RRE T RS N Yl Y S
Bkt d i TR ASKE A @SR = FBrR™ UH 21 k&g oon
FALHIIT RS TRR OB T 7 20 4 4 (Caissieetal. - 1996) 0 F] 5 =
BREF AR R Rk P FER BN A F A FR-kR S R RER
¢ ERERACR AR RO T o TP SERRIZ K P FTRRF DR
ok AT g 2o vt ) o Poor and McDonnell (2007) BI* 7 = % o 2 3= f % ch3 oK
B Eh B ATRLRIZ FORR R HINE LM BRI EE R SRS



A B
‘ Enhanced Hydrologic Access
0"‘
0"‘
*
*
ok PR
J * Hydrologically Constant
q;;
ik
R
i
Dilution
R .
Bl21 kP FHERTFE L2 MR
ANV I SR 2 SRRt I S YR BCE hS I R R R

R e BB R R AR THEE TR D R ERET P2 RA DBk
B2t mdF CEHE - SR F B T E  eni l
iR S LEF IS RS B AF RS T R RO KFHERTR (2
isammiﬁ»fﬁwwwﬁiﬁmp<§¢%ﬁ~ﬁ%ﬁ~@ﬂ@~ﬁﬁ@
£010 )0 R REBF AN T LRk F R BRI SRR A Bk
F 75 A i )

23 = FRAIEREHSFE
v g v RN R 3 74w (2003) #g B e GRS S T SR
TR REE- BRI Z R ORE - BEREORRES > ST T RIPERA A
iv:[fljrmﬁ oAl DTM#iE g aficdlZ 25 gl T 25 P E
b EBRERER TS BR LR R R TR R 20 ‘Eéﬂia?] » RO B
(8o W@ale ki e e 1 DTM 5 3 ) A 92 2 2 H0384r g 0 § Lk KiE (1
23 52004 5 Tungetal. » 2007 ) » GBI A A HFMF LES ARELE 5

RTF R PRI 0 IR s B s > FlRt R 4 (2004) - b S BldE Ao HiC
9



2.0 FEEEEOEEES 3 AN FU ARG A K GRE 2 18

W3 3 2 7 B H ofcse (Rutherford et al. » 1997 ; Chen et al. » 1998a ;
Watanabe et al. » 2005 ; Tung et al. » 2007 ; DeWalle » 2008 ; Davies-Colley et al. -
2009) % s KGR % i) (Brown and Krygier » 1970 ; Hewlett and Forston » 1982 ;
Beschta and Taylor » 1988 ; Broadmeadow and Nisbet - 2004 ; Rutherford et al. » 2004 ;
Gomi et al. » 2006 ; Malcolm et al. » 2008) 2% 7 HiE 7 A £ "% M7 o & X Bk
fp ot 30E R ORIE 2 ol o AL RIRM G s o] SR 0 W iE s A 600-
900m 5 BB £ ok 2 g 0 R EF T PR ERE 4C2 % (Rutherford et al. »
2004 ) - Gomi % %—‘k % British Columbia jr i3+ % Z L E- 27T ¢ > ¥R
T IEFSRERE ION 2 30M FeF AEREEER O THALEE P A F KR
#-F]pt Tt aE 2-8°C (Gomietal.» 2006)¢ & £p ALiE S A 4 O R LTI A b

TR ERERZ P A w2 B8 (DeWalle » 2008) » i i % 3 1 e KOE HEER

‘&

FOUFE R AN BB A F A2 kY o B F 3 BB S RIL R B BanT

R4 BT (3 % 4502003 Tungetal. » 2006) % ®& P § BeniF 2L 3 -
- RBE- BRI Z U R SRS A R AR G ahiR B BE MR W A
PIFEBANEE D > R Er PAEZ LRI R ER Y Y T
- HIERA S FES AN FLAE L R T E 2Rk ERAEEESAR

PR At
2 5 o

10



a':“ﬁ ‘f"z‘q‘;z:
31 -k FTRI R BT
AEE LR RS

ARd ZHERMEOFILEL TABF REDLLE

PIEL BHGYED 7R85 245 (kx40 3 > 2007 5 2008) - j&_ 2007 + F

I SR S EF O R S @ﬁaﬁ]rfj’ﬂwﬂ;z% TRABEEREDL AT

BITA fifoEs (P E Y RA B E R X TR R R
#

gk £ HE GG AR N > L LERE By FookRha i Rir
iz f 4eF] 3L 41T o HRIRAEF LT BB AR L EE g (CT KL Y1) £ 3%
AAGRRIE (CL~CO) 5 = 4F - =kike o HgRirmsos - B mha g
SIEEE LN I AT TS R TATH 2 Bk~ 2 B R E i Rl N
drd 3.1 977 o

AT R A R NOg 2 POy B fh ok e N ey 5 A 0 g B L AR
FELADI L AP 2 BRI RAAVREF Y R ABETREFR
(ICP-OES) #ipli & ~% (Al~Na>Mg-K-Ca~Si) ts£#3+ (Cl~NO;s~SO,;)
e B~ 412 * DIONEX/ICS-1500 » )k & PO, #-i¢ * 10cm sk ff & 5 5k & 3+ 2 4p

EiE A4 0 kR B RHEIF E 20nM o

B 3.1 = RS N K2 KR R
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%31 B p EREFTRA- T

iR =k PHE | Rl | TR | R KR FRIZE

Feligt % #1 T1 |- pE| e/v* .

Fed & % #2 C7 - FHIE| e/ o0 o o

Z U #3 C6 = REE o/’

!

aRE C5 - p#E| Ol o

- BUH #4 C4 = REE o/7 ° °

RS #5 C3 |- jAE| e/ .

T34 #6 c2 = REL | e/l o

O i #7 CL |- #E | eBAA| e

R R Co *PJE | OR= 3 .

B L% #8 K1 Reliik, | 3 %0 .
a%:%@éﬁ V| T [ .

% g’\'#f% Y5

—=
%

5% | Ol

o Ok

B 4t Y4

- | =

& Y3 %% | O

WA Y2 5% | Of

—=
%

T %% #9 Y1 E TR EEERIN

PRRWIEL S #10 S3 FREL| e/ R
PR 5 s2 PREEl O

PR ET S #11 s1 PRWE| e/t R

O:FATH 2 K Friplst o F RRIEIA P ok Fik AURE R

X[ AT E B DR REHEES T HFA

3.1.1 BEh
B b At I A - ‘épr,%*lvﬁﬁm%”"\f\i’—a.&%& ’%\'mifﬁ'%{
IR E o KB A B SR o AR R ARE BT
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(2007/8/7~10) ~ Bt (2007/8/17~21)~ % + %35 (2007/10/5~9) = Bk & {7-K
Frenpupl > R e $OR T2 Beh W e L b BRI R St oy
4x TSM ( Total Suspended Matter » &R 54F 4 ) 2 BBl H 2 & 55 22 p-k¥ A
ic i B GF/F 0.7mm 3¢ 2 e HRE -

32 FFWARPE

AR ERR R A DE MR T T LERDTR R IR
HepRpr el Eed > AR 2 A0 kALY REHF P FL 2 - 5
PP " RRI G FREREK Y PIRZREIGD D FEE > ) e B R
FaEd R p o U EEI o EmnERE A ] F kR LA
PR LR > T R B RE S AR RABRPIFRF P TEE 0 - &
PESFHERG AT 2 ANAERTEE VR EREE - EF T

Ao BRI AT o

F_‘-

PR fE R R E - B E S N 4 (31) R

>c
Load = K':ln xQ (3.1)

¢ Load (kg) 54 Fenfiy R K 2 g3 513 o gt B S g 3 F & hpt
BEREHE>;C (ppm) BRI FER N é?@iﬁﬂﬁv?ﬂ-’iﬁz:Q (ems) %
i RPN 2 T E o2 Q(ems) R4 L P T ] K=30(day )x 86400
(sec/day ) /1000 (g/kg) e iz @38 22 &2 ¥ EHF FERDREEY B &

ﬁ;‘:f_;\‘ P\ o

~

1
m (=

i

[

J,LL/ZJ: E'J%‘/u &5{:‘]’«1{7' ;ﬁ‘m fg;%’}‘ﬁé_%_l—ﬁm‘ }\ P\ ’ ﬁ)'LEI - ‘\.&r (32) ~\M—r
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3CQ

Load = K=——xQ (3.2)

> Q
i=1
He Qi (ems) # mHfEEappEig » 2 HE ¥ Up TENEBRNZ o p T

B R AR R AR AP TN E R AR T 0 LB SRR
EEIESSS L b TELR L

&l MR

PR EEREROSF TREREREF S E L F Rk (power function) B
oo @ RS fecnd IR RS MR - MR P IR E S TR AR
it TGP ?ﬁ,};)ﬁ H2E 3 ;8 (3.3) 8977 ¢

=k

T T
Load =K>'Q,C, =K> aQ," (3.30)
j=1 j=1

## Qlems) &7 % p T2 5 Ci(ppm) 7% Pz 2 4 Fik & T (days)
awaf;#?ﬁﬂmﬁﬁ Rafeb Rl R lige v od gRIOY TER
B R AT AT F R RS R 2 RN G > Bl
T

g o8 © s adwr 3 ook (Leeatal > 2010) > 45 417k &
i TR R TR TR G Fmadi i3 N 2 AP ] &t HFE g
PR AR R 2 AR - kR A R
CRESA U RIS AR R R SR VS A TR S
BAE BRTOERT L AMEHELT §EFHRARD SR bea g0 Fp AR
I AT o

™ ‘4“ ﬁi
w,:g
5
L
‘h'i
-0
H

33 pipfir Az A ME23E i3
FEP AT RBLEL B }»i-%*ﬂ;ﬁ@] ‘g2 #2824 PLOAD (EPA >
USA > 2001) #c5" ¥ B 2bmbilmia h2 2 AR g B2 B 1% 2 g I 2 o
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% PLOAD i\ ¢ » 330 Bk R 2 R 2 BRI LR 235307 2 (34) 4 &7 o
Lo =D, (Ley xA) (3.4)

B FE 5 Export coefficient method » # ¢ Lp (lbs) &% #£75 J,Lﬁg?J & 0 Lpy
23R RE AR AV EI ALY HNEF LI AR AT I 2 A
@ Ay(acres) BIZ % U 1% 26 ff - A7 7 ° BEE /4 # 41% NOs-N

(& PO4P) eng 218 (kg/halyr) e g7 4i- BaE (k) xRk
FELPIBEeORE ¥ 01 (35) kA F

(lbsfacrelyr) 2 % Ufg2 sl t 2 w2 ans2 42402 LANEVEEL

Loadzzn:kixA (3.5)

# ¢ Load % 7 4 th 2L #] 2. & NOs-N (2 PO,-P) 1 £ (kglyr) ¥ 5§ 3.2
F2 3P REon A THEBREN P ATREREY e Z2 3 )% gep omE
fad i iribg FA NG A(ha)e P 25 16 B %7 > 16
BARRA(35) 2 2 A2t & BHRERTZ 20 I RS 788G 32)
16@%i%ﬁﬁﬁﬂ8%%ﬁ&’éﬁﬁﬁﬁaﬁﬂé?uﬁﬂﬂﬁﬂ’@Fﬁ

P EFAARANEZLBRIEI - ZER > AR BTN GERAL &
BT R FS R e PR A T A G AR > 50 KRR Hor
PAEEAEDFF oy ¢ Pt - 2.50,000 A e I A IE - - &~ 16 BB
AR s TR B E S % - - 22 16 Bp bR E NOs-N (& PO4s-P) éig‘
ot o it g% k] #23 £ (Root mean square error » RMSE) # 5 » RMSE
AR A TEPAA 2 I B AN FARG L EEEELF D0 NOsN (&
PO4-P) Lﬂi;—]ﬂ:i‘_ °

3.4 kA & 32 (end-member mixing analysis » EMMA)
FEERPFETRDORRRIS AL I BRI E DRI BRP
BRI EF KRR (- BT BEREE TR s AT B A TIERE AL
ERB) A EFNF LI AREY AR LE A PRERRT SR TER
=HikiR &> % (end-member mixing analysis - i - EMMA) # 4 * *t -2 & k%
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PoE BRI TR R TR A BARBERS FHARATF L ER
FrREFRTIFEPNDIRE  RAFSRTRAIHFLLE 2177 2
iR R ove gorg @ P £pl2 F4 (Hooperetal., 1990) -

B420 2 Bl 421 ERE R EMMA 2372 X 2/ f 5 1 dshha 5 &
Rlers P RBLBIERBPRZ e 7 M =2 BRRFIEL = 4350 > & BhRET
BRPRT 2 T s £ EmiREEdr 5ot o BRI TR R RART A T 2R Gk
B 21 & Ko im P R FEIRCRF B 7 2 (36) k&g o HP
Fom @ REFRP R I BRRZF AN CRIATF JBRT SEAET BRSO
ER @ CrRRIZT & j B Slictir ¥ “TRLBIFI B R o FlutF LR RE R
¢ e T (Cji)o FRBERGE (36) 0= - B fre T RERE &
g@%%wwm(m’ﬁﬁiﬁ%@ﬁ%ﬁ&ﬁﬁwo

f+f,+f,=1

C,-f,+Cp,-f,+C,-f,=Cp (3.6)

C,-f,+C,,-f,+C, - f; =C,;

#3731 ¢ (Mulholland and Hill, 1997; Burns et al., 2001; Katsuyama et al.,
2001) 23 = 2R F R T EMMA e A7 P w2 LIS S 0 TR 2R
ERRRRF AT P T RSB ERRY R TR RTRR TR
Bl HERE e R ZIR AR 0 AT B At F R 2R R 4R R
B bldc @ P A T ROFIRT o AT BRLFLP RSB R T
koo gt pEeT R ORI R R TR R R E ﬁé%Tﬁﬁﬁki’ﬁﬁhwﬂﬁﬁW$®’
SR p AT AR RT > B h B R

BIPIREREFARSRFTRARARMTAG # A& adshhER © 50 #L A

RHROR TR S AR ALY TR L BRAT é‘é%fiﬁﬂ%@ (4-® 4.20
2R 421 3 f2erg ) I P d 4 GuhiRok 0 R S R H A R S dien
PERE S FARFTRARGHRBLTE FRF A AT NP R kAR Y

d e e A 4 04

1“‘\‘-'3

s

M2 A4kt L8P HEMERRP o7 15— 2 el 2 @ Fp
" A Y = BRSSO~ Cl 2 Ca kR ; ~1#* SO4 % Cl (4-F) 420 2 [
421 =B 3B = BER TR A0t 5 B2 - £ 1% SO4% Ca (4-F] 4.20 2 R
421 L W) 3 H Z BERSTRT A S R R SR RT A £
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= X+ &5'%‘ 1:| :I% ”"l &*ﬁ-ﬁﬁ‘mﬁ er /),%l—?-]}%lc'ﬁ,g\l,b y @ ll'L‘ Bé’::: /}Elm/};‘}ilk}s?{ )
b2 SRR -

3.5 kR ERIZ 3R

BFRA KRR K G R R B R R oA 3L 4T o KR s E 2
% kg @2 Staroddi Minic #HrE &R 3t 0.17C o § B E &% * Delta-T
Devices Ltd & 2§ & g B] ~ 2 HrE A 20 01T kg d p e Biesr il
hRAWE S L 20 A 4B F o FE Y AR Rl L F R 2 R OE R AATL
FOFERSERGEF AL ERFRE CBAE e b ERBHE A E
FHBFT O REREESE G

et S B A5 BE A AL R AAREEBEIRT EE 2 KRR
7¢ (Tung et al., 2006; 2007 ) » #r2 £ prdp gLipl 2 KGR FTALSR RN 2 8 * 118 0 fe
LB N 2 2 KRR ok 0 TR A RIS AR KR S RIS E 2
Pl MO RERSN e 4 8F 4R 2 45 (2003) 2 42 4 (2004)

2 o A e A

36 = RANEICAES RER
Fg Y i w2 KR Y (2 %450 20035 49 2 4+ 2004 Tung etal. » 2006 ;
2007) HHEEFW LY UER AP AR HAESF 2E2T (3R 4
TPEE) 2 HEE TRE 0 IS EHONR AR HRE  F R E T 2
KRB ABRFE A - AP B LTI KR RAGEETZERBET LT
Pl AR (37) kA F o A AT Sip e 2 Tk (C)ou G okinEis
inid (mfs)> q 5 Rl min® (m¥s)> TL i e imavii® ((C)» D 5 ipkin
= % 2 B E 4 #ic (dispersion coefficient) (m%/s) > Hr % ke 2 x#u § (J-
m%s)>h 4 -ki®E (m)> A P U AR (M) s Cy % ket 1 (Ukg'C ) pu % K
i R (KgIM®) o 7 KA 2 8 S B A0S 05 (38) %67 0 19 Rod 41
S dp ot (3-ms) > Las * 7 £hkdRst (J-mYs)s Ly 5 % B4 53k
W2 Lkt (3 m¥s) Ly 5 kAo b 2 Eabig st (3o ms) - He ~ Hy o~ Hie 2
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H B A W] 5 BH ~ PR # ~ Bis#z o n @EH# (J-ms)o

or oT H
Lk U PR
c,o.h

— tu 3.7
ot OX P (3.7)

HT:RS+Ld+LT_Lu_HE_HH+ch+HB (3.8)

PR o 40m fEdT R 2 e iE B 4747 (digital elevation model, DEM) i 4
Rk R R AH > KB - RAEZ P - SRR KT Y 106 B
Fom oM S RBIETRZFRPT Y R I EFEpEFIAR (F 7 k2
BRE)DJBECHFEFEEESY RS UPFHEE 20 R TR R
BB B EMPPERE o 50 HFER B T2 BT 0 KRB Y B
Bigste shka ch3 m izl 3 a0 5 AR % (Zone I~ ZoneVll) @ 4@ 3.2 #f

R EFFERFER O EREHEANB e iE- 2 e BEKG 0@
FRFt o cBHFRE (BB Amird (Or) 2P E (G) Fletix
T E e e BiE st X Bip st R (40B) 3.3 97 )0 ¥ p<br (Zone C) o iw
mARIIBERPEE F 0 Oy (Zone A BIZHBEH 2> EF6
B Or<p<Oy (Zone B) ¥ > B e 4% FEdf 20 = F5 45 & 4-4295 Beer’s Law 2 & 3+ & 3|
#F@ " 4o 2 {5 5w £ (Monteith and Unsworth, 1990; Campbell and Norman,

>

F_*

1998) » 4= f235% (3.9) #77% o
R, =R, -exp(—k-LAI) (3.9)

He SR EFEF G 2555 B R 5 A T2 g i B ok 3 mp i S end R
#c > @ LAl 3 #f¥ & 4# 45 i (Campbell and Norman, 1998) - # # Ry 2 LAl 357
BHREFLRLR > BE P REEOE R BT g g fFE S AR R R
Gelicke 5T BRE A RPES AAdc P AEATA A S TR R E DR 7
TP - R EXNRH 0 2F R Y (2004) BB LR H RS 2 RS
(Quercus variabilis Blume, Liquidambar formosana Hance, Platycarya strobilacea
Sieb. & Zucc., and Alnus formosana (Burk. ) Makino) & {7z 2 & » 3k = &%
BRI AT E G AP T o 1R E BRI TR BT B LET B
Bipl2 T LAl & L3008 A A ek onir 4 3 RS B4R 34 AR kT
FAEF PEFARE 2 LAl 7 i B e Foc s 0 B ORI F 6y =T00pE R
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m).

A2 L

m

7
~

0.258
25

N
ar °

PR RORE AR SRR S THES S AAER R T AEL

«E %é_:j‘\ﬂ% 53

B 227 A E R W E i 2V B S EERIFE ¢ oo RS (L)
(HIL)> 4=l 3.3 #751 ;

252 B8R (H) infpipesa @ 279 G=tan™
Kk BlEa ATk AR R EFM G T REX S AL

BLUEEPEROTERIFZ TEE(H EPR

|k B £ 4022 2 0.33

‘/’_,\

7'—" Y
(39) ' ¥ B BBk 2 Ry#B % (38) 547 2 Ryig- Hfefk

R R SRR RN S R SO

*W% %%%/ ;;LF R
._Ifé_a:ﬂ% s m

d Flut A g Y ST AR

7 6y=50°2 70°% fAtE B R
SE P BB ORESTERE ALY UE B 15 p hk it

#2000 LR

A B AFZE LR FEE R RESERT - RBEZ ST - 5L

BeovRE o 2 & BRRFp 2 RF RESRG ELEFTF BRefaE Pk
PR e

i R A RRERER T S ?\Lf/ T ok 3 "5 R

Bl 32 KEWN Y LPEE B2 M RE
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Vegetative shading angles (degrees)

B33 +352 g

90 —

80 —

70 —

60 —

50 —

1.8

W34 F Likie A LAl & 5 8 im K chfe b 3 B 2 B

- Vegetative shading angle =21.5 x LAl + 21.5



3.7 B & KE S

R N T g LR AR T 2 R o W A A PR AR
F T

FooEE P2 U] BB R e tp b2 b B T BT 0 A2
BEFAELON Y AR EE R 2 dagi ¥4 Bep 2 LK% a4 (Elliott

1991; Wehrly et al. » 2007 ) » @743 v~ k5 2R+ 7 B¢k > B22R P miv A3 & PP &4
14y v AT ienit X R % 0 R R R A SRR SR TR G OT
o EmAe o B ORE SRS T - BT KRR AR FE &

IR FR AT R FE LR OB I 0 BRIMT R LN TR
EIRERSY AT RBOBLREEAFFL LT A > a A x R g Fp

U E = -3 VR S e RS I N S A

371 ZRfE2 M

SHEisa d B A BB LERCnE & F]SF 2 - (Brown > 1969; 1970a;
1970b > Rutherford et al. > 1997, Malcolmetal. - 2004) Z P jrdp sy © GARR L
Bt AokiE RSN A s * g Flid oKk G ek i 54 (Kasten and Czeplak » 1980;
Brutsaert - 1982; Brown and Barnwell » 1987; Meier et al. » 2003 ) » 5% ¢ 4p fic ¥ ¢
FAF AT A

Fohp At 0 AT U FRAF S B 8t eniE ~ (Rosenberg et al. > 1983; Brown and

PE]

A EN L AT REMREIR2EE A OLAREAXTHRER

Barnwell » 1987; Meieretal. - 2003) > fe #rs ¢ 3 &t T o2k k45 5 (Brutsaert
1982; Oke - 1990; Bogren et al. - 2000; Meier et al. » 2003; Sridhar et al. » 2004 ) -8
BREXREHSEINGFHE DD o BT ARG e r T 7 %
PG RFP TR EIRZEFLTH CFTIACERP A CELEP TS
TR RN T MR ERLS ZEFEDY - Bigik o Y Y BT &
KEFEPERFFE - FPRMFESZ D R AFELALNED T BN AE (0

B35 (a) * PEBEEBEHOIES T
TAAFRPE RS ~ Z A s RIDIBEMHE AR > B P EBE
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Sit Natur Mixe Secondar Gras Bar Orchar Active Inactive Total

e al d y forest S e d vegetatio vegetatio  area
ID forest forest lan n n (km?)
d
Y7 89 1.9 85.0 15 1.3 0.0 0.0 3.0 4.0
Y6 0.0 10.3 88.5 00 09 0.0 0.0 0.6 1.9
Y5 4.1 20.4 67.2 05 22 5.1 0.0 1.4 4.4
Y4 09 24.9 71.2 08 10 0.4 0.0 0.7 2.7
Y3 29 21.8 66.4 09 19 2.9 0.0 4.1 22.7
Y2 0.2 23.1 70.5 1.1 18 2.6 0.0 0.1 1.3
YL 26 23.5 62.9 08 1.9 5.2 0.0 3.7 30.5
TL 678 22 268 27 04 00 00 ¢ 00 111

C7 746 3.5 4.2 12T 3.5 0.0 0.0 0.0 25.0
C6 66.9 4.4 15.0 WL ~27 0.0 0.7 0.0 37.2
C5 11 46.1 9.7 A1 g R I .5 13.1 0.0 1.6
C4 549 116 17.4 0.7 { 22 1.3 1.3 0.0 47.3
K1 458 225 19.7 96 22 Ol 0.0 0.0 20.5
C3 507 152 19.2 1A 2.2 1.2 0.9 0.0 58.1
C2 474 159 21.8 oy =20 1LF 1.0 0.0 72.2
Cl1 357 1738 32.7 T2l 2.5 1.4 0.5 104.7
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# 4.12006.12 * 3] 2009.10

TS & E N

Boo ARPEIpATIRAREZL THEHEERL > FEELN B S R AP o

RIE\ K B 3T B

pH

Cond. (puS)

Temp. C

DOC (uM)

F (Cppm)

Cl (ppm)

Co

8.21+0.24 (31)

229.03+£32.24 (31)

14.87+3.47 (31)

62.92+38.04 (257)

0.1+0.03 (272)

0.84+0.28 (272)

C1

8.21+0.34 (32)

224.3+94.94 (31)

14.57+3.25 (32)

59.4+38.95 (236)

0.09+0.03 (269 )

0.75+0.21 (269 )

C2

7.95+0.38 (32)

212.58+72.36 (32)

14.81+3.21 (32)

88.84+56.36 (27)

0.11+0.04 (31)

0.59+0.17 (32)

C3

7.99+0.35 (32)

211.14492.97 (32)

13.43+£2.96 (32)

87.22455.89 (28)

0.1+0.04 (32)

0.46+0.2 (32)

C4

8.01+0.31 (32)

215.98+82.63 (32)

13.39+2.51 (32)

87.58+63.83 (28)

0.11+0.05 (32)

0.89+0.65 (32)

C5

7.61+0.3 (32)

215.6+59.53 (32)

13.31+£2.24 (32)

64.93+26 (28)

0.06+0.01 (32)

10.21+£2.96 (32)

C6

7.87+0.29 (32)

207.3+68.3 (32)

12.74+2.34 (32)

80.42+49.99 (28)

0.09+0.04 (32)

0.43+0.21 (32)

C7

7.92+0.28 (31)

168.46+59.08 (31)

11.3+3.08 (30)

70.05+36.07 (63)

0.08+0.04 (66 )

0.22+0.24 (67)

Y1l

8.62+0.44 (32)

252+33.55 (32)

16.34+3.97,(32)

81.38+52.57 (235)

0.1+0.03 (271)

1.41+0.61 (271)

Y2

8.3+0.41 (32)

426.56+142.23 (32)

13.52+3.46 (32)

188.23+153.4 (28)

0.16+0.04 (31)

1.62+0.56 (31)

Y3

8.24+0.32 (32)

236.96+71.59 (32)

15.26+2.81 (32)

116.92+74.68 (27)

0.13+£0.04 (31)

1.21+0.51 (31)

Y4

8.25+0.29 (32)

305.69+46.31 (32)

12.96+3.31 (32)

178.92+143.16 (26)

0.14+0.05 (31)

0.57+0.37 (31)

Y5

8.41+0.28 (32)

373.59+53.43 (32)

13@9913.33-E325

188.42+169.34 (28)

0.14+0.03 (32)

0.74+0.24 (32)

Y6

8+0.35 (32)

197.44+51.96 (32)

12.99+2.68 (32)

110.5+£75.34 (26)

0.12+0.05 (31)

0.39+0.18 (31)

Y7

7.59+0.29 (31)

163.9+12.8 (31)

13.06+2.53 (31)

76.93+38.49 (26)

0.09+0.04 (31)

0.64+0.29 (31)

Y8

7.06+£0.09 (2)

164.1+42.57 (2)

n.a.

29.01+10.28 (2)

0.04+0.01 (2)

0.19+0.07 (2)

K1

7.94+0.34 (32)

192.05+£60.17 (32)

12.62+3.44 (32)

56.38+32.68 (259)

0.08+0.02 (273)

0.21+0.19 (273)

S1

8.14+0.32 (32)

223.38+32.41 (32)

14.62+3.07 (32)

92.27+64.54 (27)

0.12+0.05 (32)

0.26+0.15 (32)

S2

8.09+0.38 (32)

221.24+35.05 (32)

14.47+3.02 (32)

92.16+72.01 (28)

0.11+0.04 (32)

0.2+0.15 (32)

S3

8.13+0.33 (32)

222.37+£31.75 (32)

14.28+2.9 (32)

82.16+60.93 (27)

0.1+0.03 (31)

0.16+0.06 (31)

Tl

8.09+0.34 (30)

245.19+82.48 (30)

12.49+2.16 (29)

94.34+74.13 (28)

0.12+0.04 (31)

0.27+0.41 (31)
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%41 ()

B =E\-K FIE P NO, (ppm) NO3 (ppm) NH4 (ppm) PO, (uM) Na (ppm) Mg (ppm)
Co 0.02+0.02 (123) [3.19+1.81 (272) 0.01+0 (2) 40.51+9.64 (250) |0.19+0.09 (268) [3.33+0.46 (233)
C1 0.03+0.05 (135) [3.3+1.38 (269) 0.02+0.01 (13) [36.04+5.89 (262) [0.19+0.16 (269) [3.49+0.5 (233)
C2 0.02+0.03 (14) [2.91+0.89 (31) 0.02+0.02 (4)  |40.19+30.32 (25) 0.24+0.04 (28) [2.95+0.41 (21)
c3 0.02+0.01 (11) [2.06+0.85 (32) 040 (2) 33.71+5.12 (25)  [0.26+0.04 (29) [2.84+0.46 (22)
c4 0.02+0.02 (12) [4+1.32 (32) 040 (2) 35.62+4.65 (25)  [0.31+0.23 (28) [3.04+0.77 (22)
C5 0.05+0.03 (12) [56.88+18.52 (32)  [0.02+0.02 (5) [12.05+2.21 (25)  [|0.93+0.23 (29) [5.52+0.72 (22)
C6 0.01+0.01 (12) [2.14+0.95 (32) 0+0 (1) 32.74+4.1 (25) 0.24+0.03 (28) [2.79+0.66 (22)
c7 0.02+0.03 (17) [0.91+1.28 (64) 0.01+0 (7) 21.41+4.85 (45)  |0.14+0.07 (63) [1.84+0.54 (41)
Y1 0.02+0.03 (158) [5.39+3.33 (264 ) 0.01+0.01 (11) |40.14+9.03 (264) [0.18+0.13 (270) [4.98+1.07 (233)
Y2 0.02+0.01 (11) [4.63+2.08 (31) 0.02+0 (1) 71.14+10.16 (25) [0.24+0.13 (28) [7.83+1.77 (22)
Y3 0.01+0.01 (20) [6.84+3.99 (31) 0.01+0.01 (4) [33.15+4.25 (24)  [0.34+0.08 (28) |4.67+0.81 (22)
Y4 0.02+0.01 (10) [2.04+1.05 (31) 0.03+0.01 (2) [36.08+5.24 (24)  [0.18+0.08 (26) [7.42+2.03 (22)
Y5 0.02+0.01 (8) [1.93+1.04 (32) n.a. 51.89+8.89 (25)  [0.16+0.09 (28) [8.62+2 (22)
Y6 0.01+0.01 (9) [1.83+0.67 (31) 0.01+0.01 (2) |22.03+4.07 (24) |0.32+0.08 (26) [4.96+1.12 (22)
Y7 0.01+0.01 (13) [3.91+2.99 (31) 0.01+0.01 (5) [28.42+3.12 (24)  [0.28+0.06 (25) [2.8+1.12 (21)
V8 n.a. 0.73+0.01 (2) n.a. 35.54+9.38 (2) 0.07+0.02 (2) |1.59+0 (1)

K1 0.02+0.02 (81) [0.7+0.63 (267) 0.02+0 (13) 28.15+4.24 (266) [0.19+0.1 (267) [2.7+0.39 (233)
s1 0.05+0.08 (10) [0.77+0.38 (31) 040 (2) 42.08+5.34 (25)  |0.28+0.05 (27) [2.9+0.46 (22)
S2 0.01+0.01 (9) [0.53+0.29 (30) 0.01+0 (1) 41.1245.7 (25) 0.28+0.05 (29) [2.8+0.36 (22)
33 0.01+0 (10) 0.49+0.25 (28) 0+0 (1) 41.53+5.63 (25)  [0.26+0.06 (29) [2.67+0.38 (22)
T1 0.02+0.03 (7) [0.89+1.07 (28) n.a. 44.85+7.96 (25)  [0.37+0.08 (27) [3.99+1.61 (22)
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%41 ()

B =B\ K EIE P K (ppm) Ca (ppm) Sr (ppm) Ba (ppm) Si (ppm) SO4 (ppm)
Cco 0.94+0.22 (272) |32.28+4.66 (272) 0.22+0.04 (272) |0.033+0.035 (269 ) |4.18+0.43 (272 ) |40.77+6.45 (67)
C1 1.12+0.26 (273) |29.49+3.96 (273) 0.21+0.03 (273) |0.026+0.025 (270) |4.08+0.4 (273) |36.73+5.16 (68)
C2 0.68+0.12 (30) (27.02+3.99 (30) 0.23+0.02 (30) |0.012+0.019 (27) |4.03+0.51 (30) |37.07+4.42 (17)
C3 0.56+0.18 (32) |[25.63+4.25 (32) 0.21+0.02 (32) |0.014+0.024 (28) |4.05+0.46 (32) |34.08+4.13 (18)
C4 0.75+0.12 (32) |27.03+4.3 (32) 0.26+0.02 (32) |0.018+0.031 (29) |(3.91+0.51 (32) |36.22+4.82 (18)
C5 0.81+0.11 (32) |(20.47+2.6 (32) 0.21+0.02 (32) |0.014+0.018 (28) |6.34+1.11 (32) (16.96+8.11 (18)
C6 0.8+0.35 (32) 26.63+4.92 (32) 0.26+0.03 (32) |0.017+0.031 (28) |3.7+0.48 (32) 36.18+9.27 (18)
C7 0.67+0.15 (65) |21.46+5.59 (65) 0.18+0.03 (65) |0.013+0.011 (63) |3.11+0.36 (65) [29.17+11.18 (52)
Y1 2.16+0.35 (272) [30.32+3.96 (272) 0.17+0.03 (272) |0.031+0.026 (269 ) |4.06+0.46 (272 ) |44.83+5.31 (67)
Y2 1.35+0.28 (32) |42.55+9.69 (32) 0.24+0.05 (32) |0.018+0.027 (30) |[3.92+0.48 (32) |63.32+18.58 (18)
Y3 2.15+0.57 (32) |26.6+2.56 (32) 0.19+0.07 (32) (0.023+0.031 (30) |4.14+0.5 (32) 37.69+4.82 (18)
Y4 1.26+0.28 (32) |36.39+5.29 (32) 0.21+0.03 (32) |0.012+0.007 (30) |[3.69+0.43 (32) |38.41+5.5 (18)
Y5 1.38+0.35 (32) |[38.37+6.21 (32) 0.29+0.04 (32) |0.016+0.012 (30) |3.71+0.43 (32) |52.35+8.77 (18)
Y6 0.82+0.23 (32) (22.04+3.75 (32) 0.14+0.04 (32) |0.022+0.03 (29) 4+0.39 (32) 26.52+7.28 (18)
Y7 1.27+0.38 (31) [18.32+4.32 (31) 0.17+0.03 (31) |0.02+0.009 (30) 4.21+0.54 (31) |[31.53+5.92 (18)
Y8 0.85+0 (1) 13.1940 (1) 0.12+0 (1) 0.018+0 (1) 45340 (1) n.a.

K1 0.41+0.21 (272) |24.79+3.59 (272) 0.16+0.03 (272) |0.022+0.018 (268) |4.26+0.49 (272 ) |31.5+4.18 (67)
S1 0.61+0.38 (32) |[34.67+4.68 (32) 0.26+0.03 (32) |0.006+0.005 (30) |4.29+0.52 (32) |44.97+4.56 (18)
S2 0.47+0.1 (32) 33.83+5.49 (32) 0.25+0.03 (32) |0.007+0.008 (30) |4.27+0.51 (32) |41.69+6.57 (18)
S3 0.52+0.18 (32) |(33.72+6.42 (32) 0.26+0.03 (32) |0.005+0.002 (30) |4.15+0.48 (32) |42.49+4.51 (18)

T1

0.69+0.49 (31)

30.78+4.52 (31)

0.4+0.08 (31)

0.011+0.009 (29)

4.87+0.74 (31)

48.91+8.59 (17)
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# 432007 &3 Lk (K1)~ = 7A%E (C2) 2 5 %% (Y1) k%P NOs

2 POy R T pauh pRFTIDERZEE > 2 NOs-N &2 POs-P

%&ﬁﬁﬁﬁ4€;?ﬂ

2 g g

Regular days

Prisitne Moderately-cultivated

Intensively-cultivated

(K1) (C2) (Y1)
Discharge (cms) 243 (214) * 9.15 (2.14) 271 (3.71)
Nitrate (ppm) 0.71 (0.42) 3.87 (0.21) 7.72 (0.42)
Phosphate  (ppm) 0.02 (0.35) 0.02 (0.29) 0.02 (0.81)
Events
Nitrate (ppm) 1.44 (0.36) 243 (0.3) 6.69 (0.19)
Phosphate  (ppm) 0.04 (0.24) 0.03 (0.22) 0.1 (0.54)
Nutrient yield
NOs-N (kg/halyr) 7.52 31.17 40.96
PO4-P (kg/halyr) 0.31 0.30 0.52
(mg/m2/yr ) 31 30 52
3-events
contribution
NO3-N (%) 35.87 15.12 44.08
PO4-P (%) 42.38 40.25 81.3

I EZFL RS
43172k ELk%F

FF B2 @

~erA g

E (TE o gy L E o kglhalyr) ¢

ooz g o A

/%/i(CZ)i»‘y‘a (Yl):lﬁ;;ﬁj‘&’ﬁl“'mﬁg "]
4o®) 413 2 4 43 %77 5 2 NOg-N @ =

NOs3-N 4 41 & %)

kg/halyr» ¥rig % *t i3 77 3 4t e

% 7.52 kg/halyr » g i<

T R ok
BRlRE A KT A

% (K1)~ =%

A 8

ammﬁgﬁﬁ%iﬁig%,smﬁ
- FFEZ %
Byl ¥ FR322030 £ § A&

%0 31.17 % 40.96

I e

(% 25kg/halyr) e 12 POy-P g &1@m 3 > KL~C2 %2 Y1 = B & k%2 POsP A
J1§ 4w % 031-0.30 2 0.52kg/halyr - 48 % »+ 31+ 30 2 52mg/mPlyr » 7 i % i

’iEH;Z L SR ;:/‘?i"" T = ff]f PO4-P z_ %4

s £ (4 5~10mg/m3/yr

al. » 2008) > BT § ¥ 4 & EH KT BTF D POLP B~ ¢

—?-J‘Z rg L ,5‘_;"‘ Lo
S R NE et TR ETT AL AL S
i gﬁﬁm#?%J§«fabﬁ%¢&
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A Y A
TEZ g E
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poF A R R B TR G R A (5 RAE 27% %k
8.9%)> B FIA G H de iy N 230 FoR® P R B TT R B o] 4-14 41
S ORAEE 2T RBEEDNOSN IR L 876kg § 2
F & (7.52kglhalyr) > ¥ B A L iEde B AR R 5 POs-P
ERAP R f REE TR R E RN E N L2
$ it 031 kghalyr- 4 b B %77 5 2 = F#ETH PO A1 E (030
koihalyr) ¢ % dijg4pis (0.31 kglhalyr) » @ @ @ bt 8 @2 @RI ¥ 2 4

—l\

/-;—E]J 376 kg ’
BWERBEF B Eat

e

]LM

PofHm v A LR RRIEAALT R FEREASWEFL AR 7T AR

LiE A S G R PO N ARASHEET RS FH 0 PO N E -

Total load load in unit area load in unit farm
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& 100000 —| i < 400
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= o}
o —! Z o
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S 2000 = T £
2 j< human-induc &,
v N = ©
= 1500 — = < -
o ) 5
< ] = S 1
O 1000 —| o < _
g v
i S oo,
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, o) _
a
0 — -1

) o
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2 2
> 5
@ 1)
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= =
= =

(20) parennno-Ajareispoly
(TA) pareAnno-Ajanisuaiu
(2D) parennino-Aja1eI9po
(TA) pareAnna-Ajanisusiuj
(22) parennno-Aja1eI9pOIN
(TA) pareAn|no-Ajsnisuaiuy

B4.14 2 BARR A 556 T 8 iz ff NOs-N-PO,-P# &2 £ & -2 ¢ pristine
% 7+ & L% (K1) ™+ > moderately-cultivated # 7+ :zvf—g@;}% (C2) 1t >

intensively-cultivated 2 7 + A£4f; (Y1) ¢
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RHH LB FH FE e ¥ 43 (k2 e4>2006) # £ 5 24F 4% § % 3000
kg » SiE Y ‘ﬁ%w%%m% B 9 5 876 kg/halyr > Bk = FIEEER B 4p
B Roie s Bli A A& B THE ST GF 2000Kkg F 5w R A At i foik
vy > Bk 1547 & & vz 300kg/halyr (4 EF ez &ZE wE ) R4 7
£ 1700 kg/halyr 7540t 4 B2 ¢ > BRFGEE R D DR BN HE A X
Wl A 4 RE N 0 A ,Thg PR B PIEEFL O RFTEFI 7 2F LRI
o FiA e R - LRFERA T B P R AR R SR R R

-

¥ °

BErdmf ke 1 B¥oRy i RRF L AL 5 ppiE
RO ZHROBE AT E A RY KR EF REIRIAT O RF L HERR
NERRE L9 AN FEE RN PR & RN R
HenE g Y YRR 2007 £ 2008 B & kFF R OTA G F LB
F1% NOs-N 2 2 £ > & J5 i fe AR B A2 16 2 4 3 LT e R TG & g chfles

\"5

NO; i J\‘S\:v’mﬁ%]*{};l ER B R R FlE R e BT Y i
Foraplml § AT A SR A B §AREF ORI B TR kR
BB AL AR AR P B PR O NOs - B
YEE b AR - BB EARG NOy BE R F ROKAILS A 0 7B
BERFINOsS 53 ERKMBEE Mg o 75 ¢ T2 NOg-N % 6 » 3+
fed s 1% T (H3.6) NO-N 2 gy 1 - 4754 & 482 & F1% #2007 %7 NOs-N
S50 oK

2

Jon

FRp33ad st A2 A ME2 532 TSR ELRE
NOs-N 2 & p i » e iuif b & Jok % ha 7 85 @ J k% NOs-N 2
#L3hg Mg RS ded A4 00T o BRIP NO-NS &8 pin g 2 B ke
BIEIEZEY LR TR F TN RG-S REFENO-NANEZ BV EA -
g ERBIRF 2358 %% LRI%2 NO-N 2 9 £ 40k 4.4 %757 T ¥0a 3
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vegetation & ff B AvaribF At ) a4 H P W CE B KRR A L ETG

B i 24.7%2 NOyN & 21 £ 53 - % 384 kg/halyr -

% 4.4 & pl=EEplp NOs-N j:",{é‘_—%i’ 2
A1

ByS

B2 B TR A RIS R NOgN 2 & 4

s

Site ID Estimator (aQ)

Estimated Estimated

2
(kg/iday) R Observed (best) (best 200)

a b (kg/halyr) (kg/halyr) (kg/halyr)
C1 44.04 1.20 0.87 36.8 48.95 51.9+2.0
C2 47.16 1.13 0.87 30.9 35.45 38.5+2.0
C3 42.16 0.86 0.60 12.6 32.56 35.4+2.1
C4 67.42 1.12 0.82 415 43.55 46.1+2.2
C5 745.87 0.82 0.86 382.8 384.31 379.1+10.4
C6 30.13 1.33 0.76 32.8 25.34 27.9+2.4
C7 8.28 1.10 0.65 45 6.12 10.5+2.9
K1 9.26 1.43 0.77 10.8 7.85 10.2+2.4
T1 15.17 1.23 0.82 9.3 3.3 5.9+2.2
Y1 92.8 0.97 0.74 26.7 23.03 27.9+4.7
Y2 54.39 0.89 0.58 18.7 7.67 12.2+3.5
Y3 101.14 0.92 0.57 26.7 24.69 26.6+4.1
Y4 27.27 0.90 0.72 8.6 10.38 11.1+3.2
Y5 40.56 1.07 0.78 13.0 12.73 19.8+4.4
Y6 42.04 1.08 0.85 12.7 8.43 9.5+3.8
Y7 53.84 0.99 0.57 16.6 18.12 18.0+4.2

+
~

45 244 # 1% 22 NOs-N 2 1 &

(kg/halyr)  Natural ~ Mixed
forest forest

Secondary  Grass Bare Orchard Active Inactive =~ RMSE
forest land vegetation  vegetation

Best 121 14.21

484 3088 8.17 198 2836.95 43541 7.24

Best 4.32 10_;_49
200 3.23  7.97

6.22 27.75 81.89 12416 2698.1 356.57 8.91
+ + + + + + +

444 2114 68.03 8883 11534 106.79 0.65

B Y Eig- Al & el ¥ flv 2 NOyN A 1 8

P339 2 ki) o

(
Bt hdod 45 577 > hkens a2 B 41% NOsN & 1 £ % & A w|£_: primary

forest % 1.21kg/ha/yr-mixed forest % 14.21 kg/ha/yr-second forest % 4.84 kg/halyr>
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grass = 30.88 kg/hal/yr > bareland % 8.17 kg/halyr - orchard % 1.98 kg/halyr - active
vegetation = 2836.95 kg/halyr » @ inactive vegetation P] = 435.41 kg/halyr - % 7
TR ANEAT2Z A I oA P ERT 200 BE RS EfE g WA B
4.15 #77m - B¢ gghri il 2 g R BY RSME &2 2482 & 1% 2 NOs-N A
MEBWER=Z AL G =2 AR iE2 SR> a F L 4% NOs-N
ANE 2z 200 eigfFeans i (THE+HEERL) A~ % 5 primary forest %
4.32+3.23 kg/halyr » mixed forest = 10.49+7.97 kg/ha/yr » second forest % 6.22+4.44
kg/halyr > grass % 27.75+21.14 kg/halyr - bareland % 81.89+68.03 kg/ha/yr > orchard
% 124.16+88.83 kg/halyr - active vegetation = 2698.1+115.34 kg/ha/yr > & inactive
vegetation B 5 356.57+106.79 kg/halyr » @ % 200 ‘e g fg i & 34 5 8.91+0.65
kg/halyr - H ¥ 12 active vegetation mﬁ%l EU NN O MR NN < ij,}c,{%ig -
oo gigah 2T wH NOs-N& £ 5 MG I8 xR % & 356.57 kg » W=k

** active vegetation > ¥ % 2 % orchard é03 & » ¥ L5 < £ INOs# 330 2 3%

Zo® o fEd TR E e R s RTINS N A oo@ B 20 B4 o )
* NOs-NZ2 N4 RT 2F B-k%R D2 NOs-N A& & 5% % 4cF 4.16 7 - &
T A EE I EEERELRESN T2 NO-NA DN E o

Natural forest - Mixed forest . Secondary forest Grass
S T % o
°c. A o
2 o bt
NG e %t Ty, i
ST AR e %
S o o o . -
T S S SIS M oV O
* - . . . .
AL 'L'sz..: . . 3 S Py
3 o0 . o - % Py % . .
P segeten LY . A, . s
?.!-:.l,,o.; “g 3 v RN i_',.v.- - . .‘ b
I L L L B T \ \
0 4 8 2 16 0 10 20 30 20 30 80 120
7 7 )
Bare land Orchard Active vegetation, Inactive vegetation
. g o . .
:,v_- : . ..‘.} ._: .
O Y 8 —I ; . . K4
o '.:" v.. L% % " . .'0.‘ .
LI ) 4 (B .... S
E R r. '.i et
et . R S ewte
A 2, . s L aﬂ S ‘: . . .A';,
I TP Y o2 [ e IS SR _-
3 3 3 FARRI . S ooteeniti Yoo .-x, Jaty e
Q) PR S T M TR 2% 2y
\7":\"""\"‘\"\1°*ﬁ4”ﬂ—ﬁ' : e I A A s i e e
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Estimated NO3-N yield (kg/hg/yr)

Bl4.15 B i 200 ‘o & /64 ¥ 1% NOgN & 21 B g2 & %
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Estimated NO3-N yield (kg/halyr)

Y7
.
Y4

AN

A\
0 [ [ T
0 20 40 360 380 400
Obsered NO3-N yield (kg/halyr)

Bl 416 41% $ B 20 o & 482 3 F]* NOs-N & 11§ Bk % &1 v NOgN 4

o

i

e A

)

433 A 5 EBHBR L BF

VAR R kR & R STRUR 2 POP A 0 B dcd 46 2 W 418 4 0 £ 48
3R A7 1 POAP 2 g N plded 47 2 B 407 957 o5 52 #{]7 POP A0 £
200 e ffRenA f (TI9@E +EE % L) A % 5 :primary forest % 0.29+0.07

(w,

kg/halyr > mixed forest = 0.18+0.12 kg/ha/yr - second forest 5 0.12+0.07 kg/halyr >
grass = 0.36x0.26 kg/halyr - bareland % 1.03+0.81 kg/hal/yr » orchard % 1.19+0.82
kg/halyr - active vegetation % 5.38+£1.07 kg/halyr - @ inactive vegetation P %
4.21+1.91 kg/halyr » @ w0 200 & igfz s £ 354 5 0.09+0.003 kg/halyr o e $3= >
inactive vegetation & ¥ ¢ A 4r v F & &5 20F %) 4.21 kg 1 PO,-P i W

1% 4% active vegetation @ % >* orchard 7 1.19 kg/halyr -

= A is gk o ;_&_L_% X iR e T ey .}‘Ff—r I RES IR 4

G nF BRHEEFE A ST 4 BT I R R K e
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MR d o By o Erad lgEsecd 7§ sHaAd £ 02 NOs-N %6 »inactive

vegetation z_ & 11 & ¥ 7 356.57 kg/ha/yr i % active vegetation A 11 & 2698.1
kg/halyr 2. = % 2_— > @ PO4s-P 2. 2 31 & B d 5.38 kg/halyr *% i< 3 4.21 kg/halyr »
R ZEL SR A REEF s ATAE D E w4 ok 4ok (primary forest)

2. 4.32 kg-NO3-N/halyr 2 0.29 kg-PO4-P/halyr -

\..

7 4.6 & R|LELR] P PO4-P $i5

NEEp R MR EPEYE G PO¢P 2 & A

P10

\“‘b

Estimated Estimated

Site ID Estimator (aQ®) (kg/day) R?  Observed (best) ( best 200)

a b (kg/halyr)  (kg/halyr) (kg/halyr)
C1 0.28 1.23 0.74 0.26 0.35 0.35+0.02
C2 0.51 1.17 0.98 0.39 0.31 0.32+0.03
C3 0.58 1.16 0.97 0.4 0.31 0.32+0.03
C4 0.81 0.92 0.71 0.29 0.34 0.35+0.08
C5 2.34 1.00 0.73 1.02 1.12 1.02+0.03
C6 0.61 1.07 0.96 0.31 0.31 0.32+0.04
C7 0.36 0.88 0.54 0.13 0.27 0.31+0.03
K1 0.39 1.30 0.61 0.33 0.23 0.25+0.04
T1 0.93 0.97 0.95 0.39 0.27 0.24+0.05
Y1l 0.41 1.35 0.82 0.34 0.33 0.37+0.04
Y2 0.33 0.84 0.81 0.12 0.21 0.19+0.05
Y3 0.99 1.12 0.93 0.41 0.35 0.36+0.04
Y4 0.3 0.87 0.8 0.1 0.22 0.18+0.04
Y5 0.68 1.24 0.85 0.25 0.26 0.28+0.05
Y6 0.75 0.96 0.9 0.23 0.23 0.16+0.05
Y7 0.9 1.09 0.94 0.29 0.32 0.28+0

347 482 ¥ 1% 2 POP AN E

(kg/hatyr) Natural Mixed Secondary  Grass Bare  Orchard Active Inactive RMSE
forest  forest forest land vegetation  vegetation

Best 031 015 021 0.002 0.63 0.31 1.47 3.53 0.31

029 018 0.12 036 1.03 1.19 5.38 4.21 0.09
Best 200 * + * * * * + + +

0.0/ 0.12 0.07 0.26 0.81 0.82 1.07 1.91 0.003
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0.08 0.08 0.08

¢ Natural forest .. Secondary forest
.
0.084 LY 0.084 0.084
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L 0.088
9]
=
X 0.092
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0.1
0.08
0.084
L 0.088
]
=
X 0.092
0.096
0.1

B 4.18 §1% B 20 i & f62 ¥ 1% POMP & N & WA f kT 2 v POLP

Estimated PO4-P yield (kg/hg/yr)

Bl 417 £ 200 & % /64 3 1% PO,#P A 1 £ kg2 !

Obsered PO4-P yield (kg/halyr)
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44 B3 Pl Bhdx

F #-3.73 2_ active vegetation — & w i > P H #r A4 2. NOs-N 2 PO4-P &
A 2 & 12 inactive vegetation 1 = f* 2 A W E B viEAda G 2 ERH AT R
active vegeation {¢ 2 /& NOz-N 2 PO4-P %] 2 B % 4rE 419 2 £ 4.8
im0t 7 CL~C6 plsh o H 4|k B 5 & = i1 5§ active vegetation 2 3+ i *
S igk Rk 2 NOg-N 2 PO,-P = g & 2025 R LR AT o wT R B
¥+ NO3-N ﬁig?J 8 2 MR S aag BT POs-P 22 M s s> B ¥ 1w C5 K % 7]
T 13.1%2. active vegetation » #712 B 3= w T s 20 2 2%k 5 B F > #30& NOs-N
3 POy4-P ﬂiﬂ N u % i 80.9%% 15.1%z AR E A 0 B3 BRR TG TR
7 0.7%~1.3%2 active vegetation > ¥** & NO3-N 2 POy4-P ﬁ%] e 2 MR At
Pl ¢ 4 58.7%~66%% 2.6%~4.7% -

I Current landuse

400 — (.2 3
CC—landuse changes
. (replace active vegetation with inactive vegetation)
300 —
< S 0.8 —
'3 | ‘3
< =
(=] (=]
< 200 — 2 -
z T
IS} <
o - o
z o 0.4 —
0 1
C1C2C3C4C5C6CTKITLY1Y2Y3Y4Y5Y6Y7 C1C2C3C4C5C6C7TKLITLY1Y2Y3Y4Y5Y6Y7

Bl 4.19 - inactive vegetation P~ i active vegetation 42 = + £ -k % & ¥ 5 NOs-N

% PO4-P L%T] 48
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# 4.8 #-inactive vegetation P~ i* active vegetation & & & & -k % & L 35 NOs-N %
PO,P 2 i & 2 RN &t

NOs-N (kg/halyr) PO,-P (kg/halyr)

Stationid Before*  After* Reduction(%) Before After Reduction(%)
C1 51.88 19.09 63.2 0.35 0.33 4.7
Cc2 38.49 15.08 60.8 0.32 0.31 3.6
C3 35.36 14.28 59.6 0.32 0.31 3.3
C4 46.13 15.69 66.0 0.35 0.33 4.4
C5 379.10 72.36 80.9 1.02 0.86 15.1
C6 27.94 11.55 58.7 0.32 0.31 2.6
Cc7 10.52 10.52 0.0 0.31 0.31 0.0
K1l 10.15 10.15 0.0 0.25 0.25 0.0
T1 5.90 5.90 0.0 0.24 0.24 0.0
Y1 27.91 27.91 0.0 0.37 0.37 0.0
Y2 12.18 12.18 0.0 0.19 0.19 0.0
Y3 26.57 26.57 0.0 0.36 0.36 0.0
Y4 11.11 11.11 0.0 0.18 0.18 0.0
Y5 19.76 19.76 0.0 0.28 0.28 0.0
Y6 9.46 9.46 0.0 0.16 0.16 0.0
Y7 18.05 18.05 0.0 0.28 0.28 0.0

Before # & 3w 4 3 | % ”'“ré_iiiﬁ?l I8 5 After & 7 8- 9 #-3R 7 active

vegetation = T (s 2. & ﬂiﬂ bl

45 $ fr el R E
FE S T F IR A *‘F;—é’ﬁ?'ﬁﬂ‘ﬂ’\kgﬁ Zeni & Ko 345V i
Bk TR B RSN R R T AR AOR LR ~ R B iR A B iR IR

- H P ERDI T N EFREN P BEERE 0 N PR

,dm

SOEP P gy ¢ 1 kR & 2 2 (end-member mixing analysis
HAE EMMA) - Bk ® )3 kRS $HR IR R 2 TR 4 - Katsuyama
FFTEEAT EMMA {33557 ¢ 2iRl2 Na 2 SO k& » 48303 ¥ T ko i
MpE s P R LB KPR TRE TRk ER T RA RS D RS kAR
Rlm "oRETA R XTI KRBT L R R 2 4 & kR (Katsuyama et
al.,2001);Burns % + g|* EMMA 2 7 #% 4 kR (¢ 7 Mg~Na-~Si~Cl -
SO,) > 3+ ¥ 7 # Panola Mountain Research Watershed ( Georgia, USA) % % & 3#-

FAFEAIER R EL KRB SERETERRMFANE LR 200G
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B g 2.0 & Kk (Burnsetal. » 2001 ) ; Mulholland and Hill B 4] % SO, £ Ca
ERE AR RERNR TE-HfEHEPERFEB (¢ 2 NO;~ DOC 2
PO,) % % &2 822 (Mulholland and Hill » 1997 ) -

]

2 AR AR 422 2 B 423 47 0 A AR LA G SR FRIVER D
R 12 Source3 ik % > @ H =t A W 5 Source2 £ Sourcel s ji iRk A 2 A
k2 st m?;gkﬁz}i » iz Sourcel A & 58 TR kR o @ Source2 i 4
TiZgno Source3 Bl 5 3 A iTiN oM Az Ar RN E E 2 ?T)I?e“p’ Ao 4.9
ST AR R ST P T ER R KLE TR T 19% 0 2 & T D
o K 1k 25~28% 5 £ iU X 1E 53~56% 5 A 2 Y1 H = ik ?1]?: U2
7~8% ~ 22~26%%* 67~70% - f2taeh FFEp o BRLIPI-K ’Fﬁri’a?gi‘iSourcel % Source2
B ELATi 2 A R (40B 4.20 2 421 1o )0 Ao E PR 2 IS AR SN
B TORE A TIEN RivG EFILER A AL Source3 2 M > G
PoAEME PR R AT 7 EMMA 7 /E 22+ 0] (Joerin et
al.»2002) > FEF by FHOIR FESFUERRT N F LR @
R RE- IR AL AR L B .

40 — TSourcel 40 — Sourcel’ 1
i | A
30— & e 30 — § s
o0
€ N ¢ B N 8
o o
=20 — 220 — *
S .@8 S og
n | O © o n |
00 4 8 Source2
| [ O
10 1 Source2 o 10 o
- ¢ Source3| - £ o
o ® PY $ource3
0 —1 T T ‘9 T T T | [T
0 0.2 0.4 0.6 0.8 1 0 10 20 30 40 50 60
Cl (ppm) Ca (ppm)

Bl 420 % LoEgfegk (K1) (K FE=5RR &2 B HRE
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Sourcel c@m

60 — [ 60 —
] q,’ Sourcel | !
50 7Source% . % 50 -
40 — o ® z 40 —
S Y C 2
=3 % [ ]
=30 — ?} ° 230 —
S e o) B} g
a ° @% ? Source2
20 —| e Q 20 — (59
[ J , o
10 — % oH Source3 |10 — @@@
. ource3
0 \‘\‘ ‘ ‘ ‘0 T‘\‘\‘\‘\‘\‘\‘
0 1 2 3 4 5 0 10 20 30 40 50 60 70
Cl (ppm) Ca (ppm)
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Scenarios\Month Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Average
Vegetative shading= 50°
Farm restoration ~ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -0.01 0.00

Upstream -0.49 -0.06 -0.01 -0.01 -0.01 0.00 -0.01 0.00 0.00 -0.02 -0.48 -0.55 -0.14
Downstream -0.27 -0.07 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -0.07 -0.26 -0.40 -0.09
East -0.23 -0.03 -0.01 -0.01 -0.01 0.00 -0.01 0.00 0.00 -0.02 -0.23 -0.33 -0.07
West -0.49 -0.06 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -0.07 -0.46 -0.58 -0.14

Vegetative shading= 70°
Farm restoration ~ 0.00 0.00 0.00 -0.04 0.00 0.00 -0.01 0.00 0.00 0.00 0.00 -0.01 -0.01

Upstream -0.68 -0.47 -0.47 -0.11 -0.04 -0.02 -0.04 -0.02 -0.31 -0.46 -0.67 -0.77 -0.34
Downstream -0.36 -0.20 -0.21 -0.07 -0.01 0.00 -0.03 0.00 -0.13 -0.20 -0.36 -0.56 -0.18
East -0.23 -0.13 -0.22 -0.08 -0.04 -0.03 -0.04 -0.02 -0.17 -0.12 -0.31 -0.46 -0.15
West -0.49 -0.34 -0.13 -0.06 -0.01 0.00 -0.03 0.00 -0.12 -0.44 -0.56 -0.76 -0.24
Vegetative shading= 90°

Upstream -0.83 -0.58 -0.58 -0.72 -0.59 -0.50 -0.68 -0.43 -0.38 -0.56 -0.83 -0.94 -0.64

*Average = - = B! i» 2 T I9E

203 LAEPEHRT - RBEZGIFEI - ST o R T RRY X P A
BRZ B R

Scenarios \ Month Jan  Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Vegetative shading= 50°

Farm restoration 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -0.02 -0.01 -0.05
Upstream -0.75 -0.16 -0.03 -0.02 -0.01 -0.01 -0.01 -0.01 -0.01 -0.08 -0.73 -0.95
Downstream -0.81 -0.27 -0.01 -0.01 0.00 0.00 0.00 0.00 0.00 -0.18 -0.78 -1.10
East -0.42 -0.09 -0.03 -0.02 -0.01 -0.01 -0.02 -0.01 -0.01 -0.05 -0.40 -0.53
West -0.70 -0.22 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -0.17 -0.71 -0.76
Vegetative shading= 70°

Farm restoration 0.00 0.00 -0.01 -0.16 -0.07 0.00 -0.09 0.00 0.00 -0.03 -0.01 -0.06
Upstream -1.05 -0.66 -0.66 -0.24 -0.08 -0.06 -0.09 -0.05 -0.42 -0.64 -1.01 -1.32
Downstream -0.92 -0.68 -0.68 -0.36 -0.14 -0.02 -0.27 -0.01 -0.44 -0.65 -1.08 -1.53
East -0.42 -0.30 -0.32 -0.19 -0.09 -0.07 -0.10 -0.06 -0.31 -0.27 -0.56 -0.74
West -0.70 -0.67 -0.45 -0.27 -0.11 0.00 -0.23 0.00 -0.45 -0.76 -0.94 -1.00
Vegetative shading= 90°

Upstream -1.29 -0.81 -0.82 -1.00 -0.82 -0.68 -0.94 -0.59 -0.51 -0.79 -1.25 -1.63
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