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'Y A A ot T /K o W] A A S B St R P 2 BB

TEEY ERED AR SRE ) FAED

D 1TB R B g E R AT A /K IEmAE4H » 10066 & 1L IEE FE AR 53 5% »
" OEEH/EE > E-mail:a255001 @tfri.gov.tw -

LS

IR R B RE R A S B G S E BRI R > 280 B 2 R S B EN R AT
IReE L HLEI N A2 FAHD > AT T 5AE T e T RSB ATy SR A i M f i
(DIN, Dissolved inorganic nitrogen)j & & faf o W FeF EEm S HE R ENET T 15 EKER
TR BEHKARE | BE - GERBURIE SRR E ATURE /TR 12 - 44 yuM 2 [ > A
NOs fy FEER AT ((F3H 91%)  FRSEH ¥ NHa ~ NO» B2 NOs RSB MHRE H T B fy > 0.91
0.63 ~ 0.18 ; /KES S =VIEWIAHREAEU 0.22 ~ 0.39 §1-0.37 - NH4 £ NO,» 7 +-#h Fl 52
BEEE > KEERI Ry NO3 it o AT —EAE TR S e R LIEEN %
R B R B A KBRS 2 -

&=

BET AT RIAKES I — B ERBATATENRZE Z —(Foley et al., 2005;
Galloway et al., 2004; Tilman et al., 2011) » &£ /K& 1 DUR] A M fEi#% 5 (DIN, Dissolved
inorganic nitrogen) 5+ » HAAREFERFEEI(NO;) ~ THAHIZEE(NO2) K & & (NHa) » (K
ERRAHVESTER T EEZEN TR  TFERKRAN O RERZEEHE - EInaYHE
KEIREIRFEA - (SRS E(LEBNER T84 ESE  HEZUKEITE B LB
b AR NN EIERE & BEESC > 2001 ; Seitzinger et al., 2010) « =5/
IRAFE » 572 T A e bR R AR EE AR - B SH e RHN EE K 2
— > [FSRfAE ~ AL ~ R EREE KRR R R SN - R A AR R
JKERYE R Z (Paul and Mayer, 2001; McKenzie and Townsend, 2007) - Lee Z(2013)7F
TR EZEKIEAINT T3 IR EH)ZE £ 1Y DIN i i S A &0 2 2 5 2%
HERNEE BB E S E 60 % » HELNEE GBI B miELLfIHy DIN
(Shih et al., 2016) » BLEAEIZFAALL - &Y DIN SFHd H &4 5 3800 kg-N km™2yr'
Ry BEREHERY 18 {525 (Huang et al,, 2016) » BEURESEEENE DIN JE 2 EM g2 £
j( o

P LI P B8 R AP EE A » L SRR K R SR A ER B B A R B AR BN Y R i S B
AEENYE S R IREE o S R Rd AR RINE  E H AR IHBUN AR 22 AZK
HLREFZR S APATIGEN A FHDURE A T BEREIE R E - BEEEFEANT
FLESNRE AR > (/KA YA R B B - 1T 7% 5 B DR (o e A S B U B P 3R
RELAEYSEENER > NMER MrEE 2 EMAEYE e —EEE - &
Vi~ AEREIOK IR o B AT IE A AR AL T/ K E RN - [RIR N BRI B
YA RRIR TR E > EF DR R FEH/KE SRS SRS TR 9T  RIE AR



JIRET ~ MR - ERRE - 25eE) » FAEE —
EREEIR R KEEP AR R 1 F 2 Btk

BN 1R eI 5 K BG Y DIN JREE R AR > 2) PR LRl A DIN R ke 22l
il Z Rl

Vape

— ~ HIFEEE

IR B R A R LLARHPEA > Rt TR KRR 2 — » S2/KE& ERREY Ry 297.5 ha»
ARy 470-810 m > HRSETEIFREY Ry 17 ha > JREEHIR AT S By |~ TR 0 HUGHTY]
A2 SR A K mE G & — RV O KES - ReEKmISNRT » (N CAEE R - 3RS
FBRE T S TEEREY) - BRI ~ BN~ B ~ SRR ~ BREEFY) - Hop DAL
SRR RSR o LB MR FIHRY AT & o3 Ry bh ~ RRAERE ~ ) ~ SRUE ~ 7KEG 5 35 - R
HIIAT 3 gt BuE-PHEPEFIE ~ RUL—5E - MESEETREGS-10 FAVRER
REZE(1-4 > 11-12) » (BN R UL R B RE R TN E (2 2 856 mm - FRF =
S (R2) -

=~ KRR A

ARIHFE 7 A B P [ 30 /K BEHK R - T80 E 15 (EIEREEEG(E] 1) » £/
IRFfE] Ry 2019 4F 4 H 2 2020 4F 3 H » B 1 B0 PRECBE ARz RIS b /K BRAL - BRERARR
&R H MR - IR ARUKES 500 mL 1% - FH8E 2 T T /KILE T - /KA
IREEEE%  B/KELL 045 um B4 4E)ERE (Gelmanscience GN-6 grid 0.45-pm
sterilized filter paper, Germany) 1% » JE4KLL 105 C M BFFELIEE/RYE
(Suspended solid, SS) JEE - JEKLIEETEHTE (Metrohm IC system, Switzerland) JH|7E
NHs ~ NO3 ~ NO; ©

=~ HFHHEE

SELUBMTAT 2017 4F 1F B 525 ] e HH B A 191 A 28 o B A AR A BRI R B T -3t 7 DA
(BCEMIEBRIN) - BUEEHFEET 221 2 > A 7 2 ERF DAZE i SO E R A0 T > JtlA
AT AT o S R e A\ i e B (E SRR R E R IERAEE B BT A T3R5
BEHREEAEE & FEKE S HFH DA F(63-100%)  HI RN » Hf¥
£E7K1& SLP-07 DUREZE Ry E(79%) » MR R HZR(21%) » SLP-14 Fy o 1 10 » /KE8(E
100% (32 1)

GEREAETER

TE LA EL SRS RA (R (B 2) I 3B R SEEL NHy A8 HYAHRA (4 (Pearson’s
correlation coefficient, p=0.91) > 1fif DIN Jz NO. RI| = i AHES (FHBE {28057 7y 0.41 Kz
0.63) » NO3 B AH BH (p=0.18) » Hit SLP-07 fy NHa JEREE(11.29 uM) = A HA /K E 8
& > ML FEKEINEERE ARG tE RS - BRI RS NH (e 28
K RGBT 7T PR RG2S B AHAS - B A /KIEARED )N » i Y SIS 2 BORAE M L
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FRHYEEHA > (R NHa Jz NO2 B35 > A5 (€& 7K1 SLP-10 FYERRDEE 2KE » DIN 2 LA
NOs I =0ATA 7K » NHa K2 NO2 &8 FHF A LA AR E R AR S C R RET 2 - 559h
R AT ES SR TN NHa £ ARG Ry 28 TR - ARPREL NHa ~ NO2 22 1HRER - 7%
S AN R 4% 777 (buffer zone)HEA LK EDIRE(R A & ZB4AME » 1999) - AESHE/L
Bl SR ER ARV E B » PRIy NHy EHHEY) ~ TR B E E
A A (B R 2228 s NOs > [k NHa K NO2 fERMRAYERSE IR AR( > 41 SLP-
03 ¢ SLP-04 JAMEE K 0 0 ML 15 (global mean,GM)ELfR & f[IHE -5 (flow
weight FW)EFEARMESY NHs HERCE B & E - aDRERARE NHs 5T GIREE » 1 NO3
TEAEIETE T A E R B AR R EE IR - — ARy NOs it 2l 2 — (Huang et
al., 2012) - JRATRESZ EIAR B KR EGRANT B e S EAE R R R R RS & - B
SR A 5 B RRAY 186 UM (1Y NOs JEFE - fHE Y 6,050 kgkm? yr! (YEfTE + /K
BESZEEE] 24 263 uM Y NO3 JEE » FHERS 8,546 kg km? yr! -

SLP-03 ~ 04 HYELHIEH NOs SHRE 77 Al Fy 33.97 81 21.14 uM » BEgEL LITEY)EIA
RIAFHEMBENIE FIZ TS 35.98 WM CREFZEIT - Fonitb THEKEZ 2R EBIHY
s BN o RS ~ BRI RO RE T (LAZ S B I8 & » Shih Z£(2016)W5¢E < DIN
HY R LR T AR L B e N 88 23S FEAHRE (0>0.8) » {EAEAS I FEAH BR 14 AH
& » RRAREIBKE Z 5 FEREK BRI AT T A2 SRR « R N Bl S s BRI R S
FIFEFEFREERERRE 88 45 37 FAZRERE » ZSFTAE 25 7 HEHEE
FIREERME  EALREINER T /KE 2852 BRI T i) - BEZR NO, Bl
RIS ~ 2 = EAERA (HHREA (R 803 B Ry 0.45 ~ 0.43) - (HECHIE E/NS 1 uM - BEITRZA
IKES -

e 5 T S (SLP- 14) B I EHE /K AEEL » H DIN REEMEE(RETZ - RN RE
T — R EIE S LRIMEATE S - HEE BIFIEEIRSUR - R E BT Y
Bt HEAESHERE ReE S AT R g2 A ] A28 26 T B
TGAEIIETE o 2R NOs & LUt N 7KAYE =Bk o e o 2 A Ay 2R A0 AKEGH » EED
TR A A DB TR - A Re 2P PRIt -



TR~ TR - EHbE - 25E) - FAEE —
EREER M RKEEP A EE R E T A ZRR

B Agriculture
[ Forest
[l Road
[ Water

B Buliding

1 BRI B+ 5t 1] P (i L

E B
p=041 @

concentration (uM)
n &

5 8 R 8

p=0.63
0 01 02 03 04 05 0.6 07 08 09 o2 12
agriculture (%) forest (%)
¢ DIN o NH, 4 NO, « NO, ¢ DIN o NH, & NO,  NO,

0
C

45

4
gx
5 30
H 25
g2
g H
B X Ss °
STe o ° So

mx X 107

- o uv=0.07 fin o0 _p=003

o B A A P =045 ok B R — - A0=043

o 0.005 0.01 0.018 0.02 0.025 0.03 0.035 0.04 o 0.02 0.04 0.06 0.08 01 012
road (%) building (%)

o DIN o NH, & NO, . NO,

o DIN o NH, 4 NO, © NO,

2 A E 4y EREL DIN ~ NHys ~ NO> ~ NOs 2 Bi{4[8l © A : agriculture ~ B : forest ~

C :road ~ D : building - p means Pearson’s correlation coefficient between
concentration and land-use.
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% 1 B 8oKE L F L IR

site Area Land-use percentage
(ha) agriculture forest road water building

SLP-01 8.7 1% 97% 0% 0% 2%
SLP-02 2.6 8% 77% 4% 0% 11%
SLP-03 43.4 1% 99% 0% 0% 0%
SLP-04 9.4 0% 100% 0% 0% 0%
SLP-05 2.2 9% 90% 1% 0% 0%
SLP-06 4.9 35% 63% 1% 0% 1%
SLP-07 0.7 79% 21% 0% 0% 0%
SLP-08 8.4 4% 93% 0% 2% 1%
SLP-09 264.3 15% 77% 1% 6% 1%
SLP-10 297.5 17% 76% 1% 5% 1%
SLP-11 195.9 11% 80% 0% 8% 1%
SLP-12 57.2 4% 95% 0% 0% 0%
SLP-13 102.8 6% 78% 0% 15% 0%
SLP-14 17.0 0% 0% 0% 100% 0%
SLP-15 0.3 7% 80% 0% 12% 0%

F 2 APTEEEUR R USRI E
site Discharge (2019) Discharge (2017-2019) Rain (2019)
annual  wet’ dry annual wet dry annual wet dry
mmyr! mmseason! mmyr-! mmseason! mmyr! mm season’
FEE R 1 2808 1730 1078 2773 1768 1006 3360 2108 1252

ps: Wet season: 5 H & 10 HJIE; dry season: 11 H £fgHE 4 H -

% 3 B TH/KIE DIN » NHy ~ NO3 ~ NO2 PEFERE (uM)

site DIN NH4 NO; NO;
SLP - 01 44.30 0.16 0.33 43.81
SLP - 02 30.39 2.15 0.48 27.76
SLP - 03 33.97 0.00 0.00 33.97
SLP - 04 21.15 0.00 0.00 21.14
SLP - 05 19.99 0.02 0.01 19.97
SLP - 06 35.49 4.19 0.22 31.08
SLP - 07 40.94 11.29 0.63 29.02
SLP - 08 16.44 0.12 0.02 16.30
SLP - 09 38.44 1.03 0.11 37.30
SLP-10 43.40 1.85 0.38 41.18
SLP-11 31.26 4.43 0.51 26.32
SLP-12 37.28 0.75 0.05 36.48
SLP-13 12.55 2.98 0.02 9.55
SLP - 14 8.04 0.29 0.00 7.75
SLP - 15 13.30 3.29 0.10 991




JIRET ~ MR - ERRE - 25eE) » FAEE —
EREEIR R KEEP AR R 1 F 2 Btk

5 [ F>CRR
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s

U ITEPR R B gk ERPTEYIELE 0 100 AAETT P IEEETERS 53 55 -
" EEHES > E-mail: hylin@tfri.gov.tw o

i

SR BLARMAEYINY AR R EAERE - 2R E - 2Lt e IRE R b
DURE 372 SAE AR 53 AT > S LSRR (R = FEARRE » DL AZ B0 R B e fe /K o3 e
AR E (Sul984; Lietal, 2013 ) o Rl /B MR BLR EAYRE (5 - 0T
AMIEEERIEREAL AN > DU SR By AT RE R 8 Aam B G =B ATERHE
FARIIREE R SR TR MAE IR A BUR AR AR AR A TR (E IR R =
BRI ARG Z FLBE -

MHE N BN E R G IR SR ST & 705  ARME R REAVIR OSSN > =4
5 AR S A ME B 22 R o A & SR 3704 - RS M B Bl B R 2 i M
BEtEREER > UAEFFZEENBEILZ AR (Liet al, 2013 ) - &H
clim.regression (Linetal.,2018 ) A S ARMIAR 2 FfeimE - HAHBERGMITE - 2
17 13 TEEL R (o E R AR A AV B AU G 58 e B AR AR FEUHI « e 3817 BRI AE i
e PERESMRE RS R A TN 2 SRR Ty 6.59% » BN & B HE S - IRt
A FERMBERIAS Gy 2 B R - R GEE S MNE - SERENREER  Ika
YNGR SR AR SR 4R - Rl RAFRVIERER AR AT E AR - MR R B
fE B A A st 3 7 A A B Y R R (Lin et al, 2020 )  CARBFZEE 3R TY Applied
Vegetation Science 23: 239-253 » fHEH4METE52:Fd DOI: 10.1111/avsc.12485)

DAl

— ~ BRREERERAESRTREEEZ ER

SRAEERHE A REIT7E HY B AR - 2RI — Mo~ SR B B & 2 ZE Mt LI A L
B AN EATE > HELU B s R T 2L S0 R B /KRB UL - Lin S5 A (2018)
M EEREEEHE L BTGRP & ( TCCIP )S 2 A A & f( Weng and Yang, 2012 )
SCENRR Ry BB Al A TS R B BRI » ERNAERIESE 1 R WOess
—EH B REALZ AR RERAL  anf4 Ry clim.regression » €5 15 fa A [RIEHUERGEMIE
BHMBEEE - clim.regression #efiti H RS SR: 2 PHISEEERZE K 0.56°C (AR ) ~ 0.79°C

( AR ) ~ 0.80°C (HHENR) K 36.26 mm ( HRF[#/K) - 3 1 TCCIP JfinE
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Kl 54.6%—66.7%HVER7E o Clim.regression FEH] SR SHAEE (1960-2009 ) K = (& A&
EerE® 73 MRERT - HEBREAL - SRS » Mol S e it R e A R
BRIASEIER - BRI ERF Z RIEE R < W2 57 dHREERE (R 1) B
HEREENR ~ R ~ e - &R - ERREEE - REEH (S, 1984) KAZE
/K% (Lietal, 2013) 55 {ERtERE T AAER 2 TR (predictors )

=~ EESMEREA KRB

Li S AN TR AR R R R R > Sepk = 8804 {E R AAMME L
VR IR A R JBR s R A e g2 %E > DL Cocktail determination key &z B2l /574 » AL
HEME AR 4R - ZTfEE > FIF 6574 (AR EE R n[g2E0 k21 &
RABMBERL > w1 12 FEHREEE (RS 11 ARSI | ff) K 9 FIEFIREES -
Li EARFy  RBERT B8 INERE B M CVEER T TE TEERRE R
MEERMEIREIAME TR 557 2 EIEFIRERNP B2 2R E A2 > Bk 7
TEIERFARE RE A2 Ry S A S P BAME G 2R T8 - s - 1S/ NRERTHEE
W22 SR BRMER RIS MR - RS e Li 5 AR > ZHEZEARE 11
FEHIRE R & 2 2 R R ENIEFIER R EE R > IE 13 FEAMER - 3824 (EfE R
(% 2) > FIH clim.regression BFTAIEEES ARS FHH (1986 2 2005 ) RAIEEL} -
FIF LB R E FsPEMS ARSI SR A - A R #8817 Random Forest package > 5 5H %
MBI EL R (R FaUAERA 1 - B —FEAMAE > HHIREBIR HIRAAITLE 100 KB E
U - A E S EERAMES (multiple Random Forests ) » 48 F 25158 & (F BLGE 55T
fifi (majority voting ) » JEFGA 4% 4H & 455 (RF model ensembles ) » #1713 FHAMIFRIAY
A RERERA FEA B TECHY -

=~ &EtE

FEAIIERY (niche modeling ) & A FHEER B4R ETHAE - B AEYIIE (response) Hi
FEEUE (predictors ) AR % - $5 DA A= RG22 ) AR B AR REAE AR © FEFR TV RHEE
HA - PR ESBER G RN R EEIRIRE S AN A RIEZ TR R
WY RERIE » SEAEIFAZENE ~ VBIE 040 ~ BIEAERES - A » EEEIR TS » £REE
BHE EZ4 (multi-dimension ) HY » [ fE S & BURHEE TTRE A =@ R - JRTTAE
FBEBORHE > FEBUERI TS R B (Bl 3kan i) - H AR FRrEnvA: RERE
BOTRE R EARIE - MR tB R » IR SRRV AT )7 /A RE SR

FEfARPR (Liaw and Wiener, 2012 ) 237 FF— ({38 HERRY J570% » DURSEHG (decision
tree ) FyFEbE > (XHHBEIRIM 2 EHY A SR BIAH B B1EE R (ensemble ) » 1] DUARGfE bl RY
R’ WAL S [EIIFER S (classification ) BZEIET (regression ) HIRETT o TASREHZE BIEER
i e —1E 050k LRSS R EEL - B — B0V B S R TR R
T $iHH 88 SR B A KB TRAE Ry 5 B AT AT B 7 SR GETT T - RS R 45 »
fof oh S S B A SR R B E SR P IR E > M ey SRR E 2 &
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BHEMEAE - % @ EARETRL - SR B ORI SEEREAY RS - i T — 4R SRAR
Fr ¥ T B AT ECE R SHAS R -

BEHS AR R oA R — (B & 2o (B SRS 0y 7y Jes © FIFHEBNA (bootstrap ) B HH
HUEAS e 88 S 4H AN SR &R (training dataset ) BRLEERE R SRAGIAY 26 N EEEIBAR - KF &R
RIS R AT REETE (voting) » &8 & GBI BTG SR AR DT 7772 - $215
TEHEVERIE (testing dataset) HYMERERRFA » EtHesE2E A (machine learning ) Y7y
SRR By B R DI A — -

SR AR AT B R | > U R B Sy TR - Bt ARV BN SR &
TR T [ B PR B PR ACE% (presence-absence data ) » 45 il B [ 4R EDRHTYEL
FFPRA - 28 - E{EEEE L FyA T YR (Zhang et al., 2014)

1. BEABIES | AR - BN AT E R » (EEERGMIEEI AR S
e NiafE s » ETHHEAIF B AR SRV - H B AR aIPiess

2. e S TRV E R NERETE B - HERHENEIERE 0 © DrAErE BEAEY
RISk} thAEpR B G AI LDk} - U H A RRIR S - MITE T DURI T B AR A
- AT E R EEEE N EBR T EEAR -

3. AR PR SRR EERE SR - W DUS BB E R - 2T A RN RS

4. FIER5E R H IR AT HE T OR AT R 2R & TR AR B - I R R TR R,
B ERITEMAIRYRCR

HAZEMAAFE - ST AT ERNEIL T Z R 1 o ST E—FMAY > 5351
I T HER B TRHIE ) BRE > BRI AR E RIS E T T AR ER ) 2
= T HIRER ) AR - R RS FR PR AR RS SRR EE N T R R ERE ) By
ELEE » DL absence/presence ratio /1A 1 & 2 il B )5 HI] (Chenetal., 2004 ) » DUEE K BEASE
i Ko 4 = R AR AR 4R ( Breiman, 2001; Rehfeldt et al., 2006 )

SR EEET

PEMAR MRS SRR R EIBAMERINERAR 316 > 3 B2 B AR [E A R R R 2
(£ 3) BEGME - aoE UBHEEME BT AR (C1A01-C2A08) Y53 AR SR KA1
ARG HYAERE - BannE S g R M (C1A0L) RAAt2-#i2 Bafilth gt HEpk
(C1A02) ZEHFRENTHETNEFTEEFHRORE R | MR LL T RS EARAMA
AR R ERN I ERZE - BILORERE - HREEEE ML AR
60%LA . o BLEVT AR (C3A09-C3ALL) S3A7iHH BRI SR MDA 1 I B o e 11 e SR BT AR
ATE - LU E AT S B s, -

Plai St R Kbk (CLAOL) ~ AA2-8t2 EEfLLsthEH IR (C1A02) Ryffl >
s BB W A AR FE Y £ R N T R R Rl By SRR (3 HE 6 ARYHEE
D BUNESPEYIRVEFEEE AT - THEAERFHIPHAIE AR BN T = E
THEE » BRI ZE R (C2A03) ~ AKF R ILIHEEREZ I (C2A04) FRTA
M - S EE BB VRIS SR A T IR IR B ZRon s E (12 HE 2 A
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A Eh s A3 E0R ) - FIRE B2 BUR T YIS L 2 TR ME A B o MEJE LIt R TE AR
(C2A05) DIfEZEMAILLEERTEEM (C2A08) SEanZhr LIk FEBEARIYRE S8 AR T AH
HEHEIM 251k - T REELan BV AR RE S N WIRE 20 B MR S B 1R S S B - AIHITER T
W e B AR VBB 7 S T R BE P AR ARV A - BN T i B S A E R T - (2
PP B oy b = e 4R BT Y R R B IR BN EP AT B TV B - d
TERE BV B A A 4 S B (Gt R R T R B R R - - B AR ARER 73 » 32 3 BT
HoFIRR AR K A S SR - FfURRFIYEZEMERINE R - BT R 5y
AE R REE R BRI - TR FURII S R E RIVRIKIRE » RAE SR AEY 5
HIPRBIRT 5 ST /2 B ARG m R 25 FRAVRHE . TERB G AARAEE 24 R B 2
BRI » THEARENEREZEVIRK » BB AR T -

2 AR A FHRERGRARIESY » DL 100 A RFEMTE > FONIEE A S &1 1 S gAY
HYTBLE AT » 45 3 732 1 SAMEAREES - BURNFIIBEERAR L 6.59% - WIRHE 2 = AILES
RERER > Ao 2 HBEA &R EH 2R R (https://reurl.cc/Ezz5q0 K
https://reurl.cc/Q33K 1M » B 08 R 4N ) » BEUREEH clim.regression A B o FH
R RIEHEEER A ERBRAIERITR - PG BB A IO = FE AR HY 2 B A 0 7
TR o

1 FIH clim. regression EEAEZ STHRAIFEEE » RAWFRIESZEMHEE T MIVTHE
MR -

RlERT TE Fain BH

Monthly precipitation (PPT1 to PPT12)

Mean annual precipitation (MAP)

.. . Summation of precipitation from May to
Mean summer precipitation (MSP) P P v

September
Ratio of winter precipitation (WPR) (PPT12+PPT1+PPT2)/MAP (L1 et al., 2013)
Mean monthly minimum temperature (Tminl to
Tminl2)
Mean monthly temperature (Tavel to Tavel2)
Mean annual temperature (MAT)
Mean monthly maximum temperature (Tmaxl to
Tmax12)
Temperature difference (TD) Tave7 minus Tavel
Annual heat:moisture index (AHM) (MAT+10)/ (MAP/1000)
Summer heat:moisture index (SHM) (Tave7)/(MSP/1000)

Annual summation of mean monthly
temperature higher than 5°C (Su, 1984)
Difference between annual potential
evapotranspiration and MAP (Su, 19895)

Warmth index (WI)

Precipitation deficiency (PD)

10
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7 2 AIHFEERAAY 13 FEELREAER A= E R AT B MEATRR S B -

FPRET R T R o
Cl  High-mountain coniferous woodlands and forests
C1A01 ]unigfrus iupalpine confinerous woodlands and forests 102
(BE LIS EEE =S S b )
C1A02 Abies-Tsuga upper-montane confinerous forest 89
CRF2-2 EERLLETIERR )
&) Subtropical mountain zonal forests
Chamaecyparis montane mixed cloud forest
CA kit ) o
C2A04 Fagus montane geciduous broad-leaved cloud forest 55
(KERLLHTEBEFEAR)
Quercus montane evergreen broad-leaved forest
CR5 s pazEeh ) 1038
C2A06 Machilus-Castanopsis Eub-montane evergreen broad-leaved forest 359
(At - A @ an LU P BEAR )
C2A07 Phoebe-Machilus sub-montane evergreen broad-leaved forest 410
(v S - AR s n LUt P BEAR )
Fricus-Machilus foothill evergreen broad-leaved forest
CAOS " st mepaisiest ) s
C3 Tropical mountain zonal forests
C3A09 Pasania-Elaeocarpus montane evergreen broad-leaved cloud forest 57
(folJ - A oL g LLsth 5 ik )
C3A10 Drypetes-Helicia sub-montane evergreen broad-leaved forest 15
(SR 0)E - (LIFENR /@ an L LI FAEEM )
C3A11 Dysoxylum-Machilus foothill evergreen broad-leaved forest 7
(R - A S LLIRE A BEAR)
s Tropical mountain azonal forests
CSAL3 I11icium-Cyclobalanopsis tropical winter monsoon forest 40
(\AEE -Ha B R = EM )
C6  Subtropical mountain azonal woodlands and forests
COALS Pyrenaria-Machilus subtropical winter monsoon forest 514
(55 BZ 4% - A i e By 2 BV )
Total 3824

11
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LIRERE R AERNEE LRI higE

* 3 KRG EEEIEE - B SR E BRI T

FMERE EERTMEZEMELL

C1A01 Tmax6 (37.6%), Tmax5 (34.2%), Tmax3 (15.3%), Tmax4
oo e LS B RS K bk (12.9%)

CIA02 Tmax5 (23.6%), Tmax6 (22.9%), Tmax3 (20.1%), Taveb6

%5 A2 BB ST EEAR

C2A03
e ARk

C2A04

KB R LR B
C2A05

PRI Lt P EE Ak
C2A06

AU - 45 LI R EE AR

C2A07
i i - A B8 e L P BE AR

C2A08
ta R LLIRE A ZEAL

C3A09

folJgg - H LB Lt Z pA

C3A10

0 - (L BERR R e LI PR FE AR
C3Al11

VA - e B LI R bR
C5A13

J\A T -4 88 B 2 AR
C6ALS

15 K25 - i a8 i B 2R bR

(12.0%), Tmax4 (10.1%), Tmax2 (7.3%), Tave5 (3.9%)
Tavel2 (19.9%), Tmax2 (13.1%), Tavel (8.2%),Tmax9
(8.1%), Tave6 (5.5%),PPT12 (5.4%), Tmaxll (5.2%), PPT1
(5.0%), TD (4.7%), Tave2 (3.8%), PPT11 (3.7%), WPR
(3.5%), PPT6 (3.0%), WI (2.6%), Tave3 (2.5%), Tmax12
(2.3%), PPT10 (1.8%), PPT3 (1.7%)

Tmax12 (21.6%), Tmax2 (19.8%), Tmaxl (18.6%), TD
(11.9%), PPT1 (8.1%), Tmax1l (8.1%), PPT9 (7.6%), WPR
(4.3%)

Tave6 (14.1%), Tminl2 (13.4%), Tmax6 (10.2%), TminlO
(9.6%), Tmax7 (8.2%), Tmax2 (6.7%), PPT1 (5.6%), PPT12
(5.2%), PPT3 (5.0%), PPT9 (4.6%), PPTI0 (4.6%), TaveS
(3.3%), Tmin6 (2.8%), Tmax8 (2.7%), PPT11 (2.4%), PPT6
(1.8%)

Tmax4 (15.9%), Tmax10 (13.6%), Tmaxll (10.8%), Tmin6
(9.9%), Tmax6 (7.9%), Tmax5 (7.2%), Tmax3 (7.1%), PPT10
(6.6%), Tmax12 (6.4%), Tmaxl (4.9%), Tmax9 (4.1%),
Tmax7 (2.8%), PPT8 (2.7%)

Tmax9 (18.7%), Tave2 (15.1%), Tmax7 (12.4%), PPT3
(10.8%), PPT7 (8.6%), PPT4 (8.3%), Tmax1l (8.0%), Tave9
(7.3%), TD (2.9%), PPT9 (2.8%), PPT8 (2.6%), PPT10
(2.5%)

Tmax1l (26.1%), Tmax10 (25.9%), Tmax9 (13.9%), SHM
(12.1%), Tmax8 (11.6%), AHM (1.3%), MSP (3.1%), PPT5
(3.0%)

PPT4 (34.4%), PPT2 (26.4%), PPT3 (20.5%), WPR (9.1%),
Tmax9 (5.0%), PPT7 (4.5%)

PPT3 (42.7%), PPT2 (16.0%), TD (13.6%), Tmaxl (10.8%),
PPT1 (6.6%), Tmax8 (6.5%), PPT8 (3.9%)

Tave2 (45.7%), Tmaxl (40.4%), PPTS5 (13.8%)
PPT4 (43.2%), Tminl (31.6%), TD (25.1%)

D (48.1%), PPTI1 (28.1%), PPT1 (15.1%), PPT12 (8.6%)

12
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Video 1. Illustration of predicted
vegetation map in north Taiwan.

Video 2. The detailed visualization of RF

Sample size=n  Sample size=nto 2n

L 3R it B AR

Ly Ly

RIREF RIzAEF
A AR £

Training dataset

4

WREE
BERE AR MIEEY
m= p"0.5 8E2zE
ntree = 500
ith 2 &+
E Py
pakizhizh:l

Predicted distribution

predictions at Snow Mountain region.

1 Uncertain
N C1A01
ENC1A02
I C2A03
Il C2A04
I C2A05
I C2A06
C2A07
C2A08
Lt B C3A09

) LS B BN C3A10
Resolution: 100m % °
0 30 60 km

C3A11
Il C5A13
B C6A 15

1. AWHFREETL 2 BB AR -
B E BRI SREL AR TEHIEAE - FHEE
25 R EE T BRI > T E e
FMREEFIEEET (ensemble ) o

2. (REBEGEFERI SRR - L
100m Fsf#AfTRE » I FH B AR
HEEARE 13 EEREHREAMEZ
TEAE A -
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0 T MAE E 2 HA R Y b i AR —
DA E R e ItEE A5

BT FEATRE" TR EAREED

D 1T T B g AT SEKIEACE4H 0 10066 AL TR IEE R EEE 53 5% -
" EEAMEE > E-mail: yuhsuan0423@tfri.gov.tw ©

i

AT AR B A R HITIRE - fE BRI L EURIG R SR R BRI S H > HIRE R
BUREBAREZ FIET - WMEMAEREEEEUREABERR - 2800 > /0
At A FECbE E T AV G A EHETEERCAERVRISE - ATFee E F W Ll
R EEE PN E R E SR EE S G IUEYE BTt - #hE)
S EREAEGE - 55T DABENIMRBEESR » 2)fim AERIE RS 3
[FIRFECRE AL - & 2020 £ 7-8 HE DT AR PSR R G IEYEE I E
PCRIERTEIOIPEER - RIAE PRI P RURERNEER 1.7°C » ItEYIE
PIHIMR N IR SRR E B E RS 1.9°C » BUna IEYIEM T B R SCREE TR A E
B SUEEPREN S - AR (FHAE - GILEYEDIEM T HIEHERE 7 51 5
76.4% ¢ 76.6% » MR INEERS 4.5%K 5.7% (Z(H) © BUEETS > SEA NI
JEER 533 By 0.37 K2 0.13 mps > F{EFYIMEERE 0.58 Kz 0.88mps » HEHFELIM S » #HP Ak
FE P AR Y RS RS LR = ~ GHHIHER - 2 BRI 2 E RE T BAE U

8 WhERRER G RIS A E A M DURSR B T e R R A E g
& ERHE YIRS -
&=

Pt & B EEAnAY 2018 Al (TH-FibisE /BEEE ) (2018 World Urbanization Prospects )
tpigH - HRTESE BA 55%89 NS EAEm T - £ 2050 4 - E—Eh@ITEET RS0
F] 68% - EEA VPRI RE - ANDEREAVEER - R p# - L EFHEVRE K E
pEhn > HAATA M Z BT AR AR ~ HE RSV RER ERE ~ BT iEK R
PR, BN > TR Ry T 245 %5 (Urban Heat Island Effect)H 52 H i @iy £ A -
HHAESRETLZEZE - KIGEHNE - ABEEANRR - HiTREREERZEZ
2 fi BT S 2 BN B U FE Y IR ERL T 3 i B R0 W RE 2 Y & - BB 2K AN [E] P 72 [ (Taha
1997 » FESR 2016 ) - RS REL B BHxEHE  JRET S » SRS
0 B BRSO D - MHEPR R D K R RR R - # KB - ZEHEYIHA FEK
HIFEDHT ~ BRSNS AR - [ T Lt R 4 - 8 Se B i
HE TR T2 AIRCRIER - ERER T RS RUE - [ N EEVRAHERIET - PERER )
Tl -

HR&aEN It AEHE - EeEENEEBEMERNET » adtihaE
RN EAML & EE T R EAVENG I - B 2RI OCE B - fla - 2RREE
MREE(I9) RS EIEUNNE - NEETEER - EFHEAE » BTHHEENER R
BH > #HEFPIREREEA  MAEEILT - &4l - G ESENERET
BHIEVEERER - 6 - BRI THE S TR RS TS E IR B> oy RlE 3.2
4.4 81 3.4°C » SILMRIHERAE T - AR TR 4.9°C « #MAEH oy s R ey
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BIFET - HERRRE ~ TIRET - EHRE —
WHMEEZHREARIENR — LPMARRSAEYNE RG]

RER A2 - BN kel e 7 A I [ 7 B Ry &k C0Z2 T RH BRI - 1T IR 2 S i
Tt e B e e S = 2 T AV il (Carly 2019) -

AT AR A FR AR HITIRE - R ERIR L BRI KSR H BB RS H > HIREER
BUIRERRRCZ FIE - BIARER VIRt AR RIS - S IHEREAIIEERER > &
e n] DUERZ C B - KIS TE 7 RELIMEG et EER AT - SRR - T
EBRITEEERE R S EBRRIESR - EhR(F R TR A B AINEE - 24
> B e A RIS EE S AVE G AEETNE - ATt HA R T BEE T
MR G @ EERNVEE - EEZHE AR K EIEYE BifseiE - #5H
BEzUERSHEIRBUICIEDS - R DABENIMECAEZE SR ~ 2 A BEHIRE R 8
B 3) R EIHF BRI 1L -

DAl
— ~ PSR

KRB DL R R 5 LRI R - 53 B L 5 e AR Y R AN + A
PO SR BT R AR+ RN BT RS - SRR AL E 3 (BE RF AR
T T SRS LU AL L B B+ 3 ELREBEIB R -

HRIAE UG TIUSRAR T A SEANE ) R a L bR S
B e TRA o HCILFAR RS - R G BB T,  FILY 11
A SEAR AR » T T PRI » B R BRI - TR
R BRI (8 145) -

SALEYIE - R GILA R IEE - (M 82 A - BB TER LS Rk
SeBRFT (B S YRR - TR - 75 - BRI
I - (8 1 /) -

& 171

I &b R R E
[oF 1]

o A (2Em)
© s (2E )
BB EHVRE

B L i B

]

"

W ES R

=~ BT

— AR TR R VAT A N AIVURE ¢ [EE TGRS S ~ REENEUINE -
BRG] ~ BISTEAUSEBIREEE 1999 ~ 2005 - BRF5IEHE 2001 > ZEAH5 2004 > fd]
Hgh 2011 - =IERNTE 2013)  AHIFEERA A BRSNS Z0ETT - BUNERSS A 2E
BURG B s (B3 Kestrel 5400)( Winston 2016) » & g6 ~ MHEIRE ~ U K
WBGT(Wet Bulb Globe Temperature > JEEKBERIE - &iE i EHEE) FHCAREA T -
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WL 1S ARFHESE - R BUIE RN kAR - BRSBTS
B~ (REE -~ REZERGSROHE N HETHEQ204E 7 H ISHA 8 H 13 HREG
JUEYIE 7 H 23 Bk 8 B 14 HNTAIAE) » BARFELNE B 6 Bk B 105 - &
esnsEHPE 10 FhaCik 1 2 - MR A EPSMEHL 3 HE R (AE 2) - Horr st
[ElfE 70-80 AR A BRI AIZ BRI R AU T - riisH A\ R EIRF#EST
{EBERAT RECEEL(06 ~ 08 ~ 10~ 12~ 14~ 16 ~ 18 ~ 20 3 8 FOFALEERMN - S IHMA
BRFFEEEIECH 15 iR - BB T —EEE: - gk AR E D -

WBGT E#r&HnE - RE - B T AR Y &r S BT 2 AR Y A5
Wi - =4 WBGT BRE H AVREORIE ~ BERRE R EZEO R R IIRESIRIS A -

HEAR WBGT (°C) =0.7*Twi+0.2*T¢+0.1*Ta
Two © HARGRE)ERAE(E RH ~ BERERELTAEHA) 5 Te : AHRE 5 Ta : 5R0A

[&2. AN e & IUHE Y B R ARG
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BIFET « FERRRE ~ TIRETF - THREE —
HHMEEF BRI EXEDIR — LR AR RS AEME A5

SR BT

x 1 ERPAE KRG IUEYERIMESRPECGROR - HENRIE ~ EE K WBGT)#=
B0 RED AT S A AT A S i s e A [ ey i EE 3 b = R e R (BB ] 3
A 8 AN » ARIAE H = (I8 B R B T )

1B AR ORI A B R 5 AR BRI A BN — B8R

B iz RFEE ORECO)  MHEIRRE(%) EiHmps)  WBGT(O)

6-7 27.0 82.4 0.2 25.4
MR 12-13 333 60.9 0.6 29.2
18-19  26.1 95.7 0.1 25.7
VANES
PRIAE 6-7 28.0 76.2 0.5 25.8
EE 12-13 0 347 56.5 0.8 30.1
18-19 280 92.3 0.4 2722
6-7 276 80.5 0 25.8
R 12-13 0 332 63.4 0.3 29.9
18-19 285 85.9 0.1 27
PN ==
=LA 6-7 29.1 75.1 0.5 26.7
EE 12-13 0 353 56.6 1.3 333
18-19 292 85.9 0.6 27.8
FEEE: WBGT(Wet Bulb Globe Temperature @ JREKBER A E el i ar & A S 2T E))
— ~ NEARABEIMURIEE R
(—)EE

FRIAEM T SR P EEE 75 R 0.4 mps (0.1 - 0.7) ~ 0.6 mps (0.4 - 0.8) » 7=}
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Abstract

This study applied both global and local Moran’s [ statistics to analyze the spatial
autocorrelation of landslide patches in a natural disturbed watershed in eastern Taiwan. A
logistic regression model validated to predict occurrence probability of change trajectory.
Results showed that spatial pattern of homogeneous landslide patches presented on small scales;
while heterogeneous landslide pattern was on larger scales. Landslide patches had higher
positive spatial autocorrelation and indicated that as regional hotspots in study area. After the
trajectory calculation and classification, two unchanged and five changed trajectories
dominated the study area. The most significant transformation of land cover was from forest to
landslide and channel. Among these environmental variables for logistic regression, lithology
was the most important spatial determinant for the change trajectories. Curvature and aspect
variables were also significant. This spatial statistical model was helpful for predicting the

occurrence probabilities of the change trajectories.

INTRODUCTION

Land cover is one of the most fundamental variables for watershed management and
relates to many parts of the human and physical environments (Southworth et al. 2004). Change
in land cover can transform biophysical surface features and lead to direct impacts on
hydrological cycle, atmosphere, and the ecosystem services (Zomlot et al. 2017; Homer et al.
2020; Talukdar et al. 2020; Yin et al. 2020). Detection of land cover change can contribute vital
information for the sustainable development and environmental protection of the watershed.
Hence, it is necessary to assess land cover change at various scales for sustainable land
management.

This research combines the applications of spatial autocorrelation, trajectory analysis, and
logistic regression to provide more spatially explicit and detailed information on land cover
change dynamics under frequent natural disturbances, by utilizing FORMOSAT-2 satellite
images acquired in 2005, 2008, and 2011 within the Taimali watershed. The main objectives of
this study are to (1) assess spatial autocorrelation of landslide patches using global and local
Moran’s I statistics; (2) detect the dynamics of land cover change trajectories under frequent

natural disturbances; and (3) establish a spatial statistical model based on logistic regression
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for projecting the occurrence probabilities of land cover change trajectories.

METHODS

1. Study Area

The Taimali watershed principally lies in Jinfeng Township, Taitung County of eastern
Taiwan. The research area, a total area of 211.5 km?, is a typical mountainous watershed
dominated by forest, and its elevation ranges from 3 m to 3,090 m at 57.6% average slope.
Buildup and farmland account for less than 1.8% of the total study area. They are mostly
located in the lower Taimali watershed where Jialan is the only one major settlement with a
total population of about 1,400 people. On the other hand, forested land, covering 83.7% of
land area, is the predominant land cover type during the study period. Forest chiefly occupies
the upper and middle Taimali watershed; where the most notable land cover conversion occurs
in relation to forest converting into landslides and channels over the study period. Under the
influence of powerful earthquakes and typhoons, the Taimali watershed underwent remarkable

land change.

2. Image Classification and Accuracy Assessment

The land cover in the Taimali watershed relied on FORMOSAT-2 images obtained from
the Spatial Information Research Center (SIRC) of National Taiwan University. The image
classification performance was achieved by applying the ERDAS IMAGINE version 9.2
software (Leica Geosystems Inc.). Three remote sensing images with 8-m resolution, acquired
in 2005, 2008, and 2011, were classified into four land cover classes: landslide patches, forest
matrix, human-made patches, and channel corridors. In order to evaluate the accuracy of
classification of remotely sensed data, the current study utilized stratified random sampling to
produce 256 reference points, whose values conducted a consistency check with the class

values of the classified image (Jensen 2005).

3. Spatial Autocorrelation Assessment

For quantitative variables, Moran’s / index is the most commonly used index to assess the
global level of spatial autocorrelation (Cliff and Ord 1981; Li et al. 2009). Moran’s / index
indicates the degree of similarity or dissimilarity between the values of the variable considered
and ranges approximately from +1 to —1 (Uuemaa et al. 2008). Moran’s / value near +1
indicates clustering, while a value near —1 indicates dispersion, and 0 or near to 0 represents

no spatial autocorrelation, that means a random pattern (Fernandes et al. 2011).

4. Method of Trajectory Calculation
This study develops a categorical map that demonstrates the land cover change trajectories

at the pixel level. Each land cover class is described as a code in the land cover raster layer as
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1, 2, 3, and 4 to represent the landslide patches, forest matrix, human-made patches, and
channel corridors, respectively. The trajectory layer shows a sequence of codes for each pixel,
which can be called trajectory codes. Trajectory codes are established through formula
calculation by applying the raster calculator in ArcGIS 9.3.1 in this study. For example, the
trajectory of land covers that converts from forest to landslide, and then to landslide on a pixel
over three time points is marked as 211 (forest — landslide — landslide), and so on.

5. Environmental Variables

One major goal of this study is to build a spatial model of probability of land cover change
trajectories. Because the most remarkable change trajectory was from forested land into
landslides in this study area, eight environment variables were chosen chiefly according to data
availability and projection models for landslide occurrence in reference to previous studies (Lin
etal. 2010, Bui et al. 2011, and Zhou et al. 2018). Eight environmental variables were selected
for following analysis, including lithology, distance to faults, rainfall, distance to rivers,
elevation, slope, aspect, and curvature. To obtain a better understanding of land cover change
prone areas in each environmental variable, the continuous environmental variables (distance,
elevation, slope, and so on) were classified into several small intervals by breakpoints in

reference to previous research by Bui et al. (2011) and Zhou et al. (2018).

6. Logistic Regression Analysis
Each pixel of trajectory layer was reset as either value 1 if “with change” or value 0 if
“without change”. Because this is a binary variable, either 1 or 0, the logistic regression model

can be applied to describe the probability of land cover change.

RESULTS and DISCUSSION

1. Spatial Autocorrelation

Since the amount of total landslide area increased significantly over the study period, this
research focused on the spatial autocorrelation analysis of landslides using both global and
local Moran’s [ statistics. These correlograms showed that higher positive autocorrelations
were present for landslide occurrence at shorter lag distances for all three dates. Although the
Moran’s / values at first lag distance of >0 to =500 m were lower than that at second lag
distance of >500 to =1000 m in 2005 and 2011, Moran’s / obviously decreased faster before
the critical scale (about 2.5 km) for all three dates. Hence, 2.5 km was discerned as a critical
scale in this study. This result revealed that spatial pattern of homogeneous landslide patches
occurred at small scales. Although negative spatial autocorrelations occasionally occurred over
some distance lags, Moran’s / values became lower and more stable after the critical scale. This
result indicated that spatial pattern of heterogeneous landslide patches occurred at large scales.

Local Moran’s / can identify the landslide patches with high values at its neighbors as
“hotspots”. Through the spatial analysis and calculation using the PASSaGE software
(Rosenberg and Anderson 2011), landslide patches with high—high spatial cluster can be
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regarded as a regional hotspot. This spatial distribution of regional hotspots provided site-
specific information for management of degraded areas. Totally there were 27 grids whose Z
score was larger than 1.96 at the significant level of 0.05 in 2005, whereas there were 72 grids
with Z score larger than 1.96 in 2011. This result indicated that the number and area of landslide
hotspots were expanding dramatically from 2005 to 2011.

2. Land Cover Change Trajectories

There 44 different trajectories were identified, including four unchanged trajectories
(84.47%) and 40 changed trajectories (15.53%). There were top seven trajectories and all of
them were larger than 1% of the total study area. These trajectories included two unchanged
and five changed trajectories, and occupied 95.08% of the watershed area. Among them, the
most dominant trajectory was the unchanged forest cover (222) comprising 80.32% of the
watershed area. The other unchanged trajectory was channel cover (444) with 3.01% of the
watershed area. Moreover, the other five changed trajectories occupied 11.75% of the
watershed area, including the trajectories 221 (5.14%), 211 (2.13%), 224 (1.77%), 212 (1.60%),
and 244 (1.11%). The two first ones, 221 and 211, denoted the conversions from forests to
landslides; whereas the trajectories 224 and 244 represented the conversions from forests to

channels. Besides, the trajectory 212 signified natural revegetation on landslides or channels.

3. The Logistic Regression Model

Logistic regression can demonstrate the relationship between a target variable and
multiple environmental variables, and project the occurring probability of land cover change
trajectories. Larger absolute values of the coefficient revealed that the independent variables
were the main determinant for occurrence probability of change trajectories. Among these
variables, lithology with highest absolute value of the coefficient was the most important spatial
determinant for the change trajectories. In this study area, the most notable change trajectory
was from forest cover into landslides. Lithology, regarded as an underlying driving factor for
landslide occurrence, exerted the greatest influence on trajectories of land cover change. Its
negative logistic coefficient indicated that the occurrence probability of change trajectories
decreased with an increase in code value of lithological classes. Thus, trajectories of change
were dominated mainly by Pilushan Formation in the study area. In addition, curvature was the
second critical variable with negative value of logistic coefficient for the model. The concave
landform had higher occurrence probability of change trajectory; while the convex landform
had lowest occurrence probability. Moreover, aspect was the third significant determinant for
the change trajectory. A negative coefficient of aspect showed that eastward slopes raised the
likelihood of occurrence of change trajectory, including NE, E, and SE. The eastward slopes
were on the windward slope and were prone to be hit by typhoons due to facing the typhoon

tracks.

4. Model Validation

This fittest logistic regression model was validated in the testing data set. The correct

29



Chun-Kuo Yeh, Shyue-Cherng Liaw —
A Study of Land Cover Change Trajectory in the Taimali Stream Watershed

classification percentage was calculated to evaluate the performance of the model. The
predicted classification accuracy of the testing data set was 81.6% for changed pixels, 64.5%
for unchanged pixels, and 72.9% for the overall predicted accuracy. The model performance of
testing data set was better than that of training data set. Moreover, the AUC value was high up
to 0.785, which was considered as an acceptable discrimination. It also indicated that
classification result based on the logistic regression model was satisfactory.

The probability map of change occurrence was produced by applying the logistic
regression model. In this study, the probability map was divided into five equal interval classes
of change likelihood, including very low (0.0-0.2), low (0.2-0.4), medium (0.4-0.6), high
(0.6-0.8), and very high (0.8—1.0). Among the five classes of probability, the class of very high
occurrence probability covered the lowest percentage as 5.43% of the study area. In contrast,
the class of very low occurrence probability had the largest percentage as 32.79% of the study
area. In addition, RCI values were increasing with ascending classes. The greatest RCI value
2.68 was in class 5, but the total area was smallest. These results revealed that change trajectory
considerably coincided in the zones which have higher probability of change and occupy a

small area.
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Abstract

Climate, tectonics and human impacts interact to shape the mix-state morphology that we
call landscape; however, so far, attention has recently been given to the explanatory role of
lithology and physico-chemical erosion. Badland landscapes formed with highly erodible,
homogeneous substrates have the potential to respond measurably to the individual event on
scales that are open to direct observation. Here, using high temporal resolution of suspended
sediment and riverine chemistry records in the badland basin in southwestern Taiwan, we assess
the mineralogical, geochemical and grain-size composition features that can be used to quantify
landscape response to erosion drivers. During the typhoon period (2017), water chemistry is
dominated by silicate weathering at 18 ton/km?/day, which in contrast, is higher than the
carbonate weathering rate at 4 ton/km?/day. Plus, sodium adsorption ratio is covariant with
river-discharge, which can be assigned to sodium-induced dissolution. Further, sodium and
calcium of suspended sediment account for about 10 % of the mass loss in this even, and the
current-induced dissipation may be responsible for it. We suggest that riverine chemistry can
be used as a sensitive proxy for landscape change in response to individual climatic forcing
events. We expect that physico-chemical reactions of clay particles in the fluvial system to
provide insights on landscape response to external drivers over much shorter time scales than

other topographic features.

INTRODUCTION

Erosion-induced weathering have been shown to be a significant control on regulating
carbon-cycle (Berner et al., 1983; Gaillardet et al., 1999), nutrient supply to ecosystem
(Milligan and Morel, 2002), and provides a link between surface process and drivers (e.g.,
Calmels, 2011; Clift, 2014; Emberson, 2016; Meyer, 2017). High-standing islands (HSIs) as
the major erosion contributors, i.e., the sediment discharge from Taiwan to the ocean between
1970 and 1999 added up to 384 Mt per year, which accounts for 1.9% of the world-wide total.
This compares to a fraction of only 0.024% of the Earth’s landmass. Rapid erosion in HSIs
facilitates chemical weathering, where have been evidence that the silicate weathering rate is
highest globally (Li, 1976; Carey et al., 2005; Lyons et al., 2005). Storms as the elemental form
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of erosion drivers in HSIs, however, the impacts of extreme weather on chemical weathering
dynamics are poorly understood and rarely documented (Meyer, 2017). Rivers as the main
transportation pathways for dissolved elements and particles from the continents to the ocean,
and fundamentally important to be a sensitive proxy for geomorphic processes in response to
individual climatic forcing events.

Badland landscapes form in highly erodible, often homogeneous substrates that have the
potential to respond measurably to an individual event on temporal scales that are open to direct
observation. Badlands landscape is widely distributed in both arid and semi-arid areas
worldwide, whereas badlands in subtropical climate zone are known only in Taiwan and receive
annual precipitation amounts in excess of 2 m per year, which is three times higher than in
other badland areas. As a result, over 105 t/km2/yr, the highest measured mean sediment yield
in the world. Rapid erosion in badland areas has been attributed to their dispersive properties,
which are related to high sodium contents (Faulkner et al.,2004; Mitchell, 1993; Rengasamy
and Olsson, 1991; Rengasamy et al.,1984; Sherard et al., 1976). The chemistry of the pore
waters extracted from a mudstone block showed that the major ions of pore water were mainly
Na, Cl, and SOs, of which constituent ratios are similar to the seawater (Higuchi, 2015). This
dispersion occurs between particles under this high voltage in the crust, which is rapidly slaked
by intense precipitation (Nakata, 2009) and would deteriorate the land surface (Higuchi, 2015).
Therefore, we also highlight the role of sodium in the physico-chemical erosion by representing
surface erosion. Here, we report the erosion-induced weathering following the 2017 typhoons
Nesat and Haitang that brought 579 mm of rainfall over three days, with maximum intensity of
74 mm/hr. By using 3 hours temporal resolution of suspended sediment and riverine chemistry
records in the badland basin in SW Taiwan during storm events, we assess the mineralogical,
geochemical and grain-size composition features that can be used to quantify landscape
response to climatic drivers. We expect that physico-chemical reactions of clay particles in the
fluvial system to provide insights on landscape response to external drivers over much shorter

time scales than other topographic features.

METHODS
1.1 water sampling in the storm event

Totally 42 river samples were sampled from two sampling sites, which includes two
typhoon events. All samples are collected using 1000 ml PE bottles. Two bottles would be
dropped into 1 to 2 meters below the water surface of the river in each sampling. One of them
was used to calculate sediment concentration. Another one was used to analyze chemical
components. Therefore, samples were filtered in situ and the filtrate was preserved in

refrigerator for lab analysis.

33



Ci-Jian Yang, Jr-Chuang Huang, Jiun-Chuan Lin, Pei-Hao Chen —
Enhanced physico-chemical erosion under sodium-water conditions in the mudstone catchment

1.2 Anionic analysis

The analyzed anions in the river water sample include F-, CI;, NO*, NO*", SO4*". Ion
chromatography (IC), also called ion-exchange chromatography, can separate each type of ions
from samples depending on each ion’s affinity to ion-exchange column. IC is a kind of
chromatography that consists of two necessary phases, stationary phase, and mobile phase.
There is no interaction between stationary phase and mobile phase. In the IC system, the
stationary phase is ion-exchange column and the mobile phase is elution-solution. When the
mobile phase carries the sample and passes through the stationary phase, the sample will react
with the stationary phase. The affinity of each type of ions to stationary phase is based on their
properties and texture. It affects the reaction between each type of ions and stationary phase.
With the same force derived from mobile phase, each type of ions has different residence time
in the stationary phase and leave from it in different sequence. The conductivity at different
times is proportional to each type of ions’ concentration. By conductivity detector, we could

estimate the concentration of different anions.

1.3 Cationic analysis

The analyzed elements in the river water sample by ICP-OES include Na®, K*, Mg?*, Sr*",
Ba?", Si*". The ICP-OES consists of three main parts that are injection system, plasma system
and an optical system. In injection system, sample needs to be in liquid form and nebulized.
After injected into plasma system, with high energy of ICP torch, the nebulized sample is
further gasified, atomized and ionized. Then, the ionized element in the sample is unstable and
will return to ground state. In this stage, each type of element releases light with specific
wavelength. The intensity of light increases with concentration of the element. The optical
system can detect the intensity of light resulting from elements releasing. Hence, it is able to

use intensity of light with specific wavelengths to estimate concentration of the element.
1.4 Sediment chemistry analysis

~0.7 g of dried sediment sample was combusted in the muftle furnace at 650°C for 2 hours
and then weighted to obtain the loss on ignition. Afterward, an aliquot of ~100 mg from the
residue was digested with a mixture of concentrated HF and aqua regia. After digestion and
drying, the sample was dissolved in 0.3 N HNO3 for elemental determination. Major elemental
concentrations of sediment samples were obtained by ICP-OES (Varian 720-ES) at GFZ

German Research Centre for Geosciences.
1.5 The grain size of suspended load

Before grain size measurement, we must remove the non-clastic deposition, i.e., sea salt,
organic matter, and carbonate. ~1 g of dried sediment sample was added about 15 ml of distilled

water, and placed in a shaker and shaken at a speed of 4000 rpm for 5 minutes. The centrifuged
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supernatant was poured out. The step was aimed at removing sea salt and repeating the above
steps 3 times. 10 ml of a 15% H20O> solution was added to the sediment and placed in an
ultrasonic oscillator for 24 hours to fully react H>O> and organic matter. After adding a second
10 ml of H> O (15%) to confirm the completion of the reaction, the mixture was centrifuged
and the supernatant was removed for removing organic matter. The sediment was then washed
by adding 30 ml of distilled water, and the supernatant was removed after centrifugation. This
washing step is repeated 3 times to remove residual H>O: in the centrifuge tube. Add 10 ml of
10% HCI solution to the centrifuge tube, and after standing for one day, add a second HCI to
confirm that the reaction is complete. Centrifuge the supernatant to remove the carbonates in
the sediment. Then add 30 ml of distilled water, wash the sediment, and then pour off the
supernatant after centrifugation. Repeat this cleaning step 3 times to remove residual HC1. Add
10 ml of 1% Na (PO3) 6 solution and let stand for more than half a day to prepare for the
machine. The grain size of sediment samples was obtained by Laser Diffraction Particle Size
Analyzer LA950 at GFZ German Research Centre for Geosciences. By using LA950, we
measure grains in the size range of between 100 nm to about 3 cm.
(https://www.horiba.com/at/scientific/products/particle-characterization/particle-size-
analysis/details/la-950-laser-particle-size-analyzer-108/ ) °

1.6 Calculation of sodium adsorption ratio (SAR)

Dissolved calcium and magnesium can maintain the sturdy structure of soil and therefore
facilitate the water permeability. In contrast, sodium would disperse the soil particles, showing
a dense structure, and the water permeability is reduced, resulting in poor drainage ability. The
increasing calcium and magnesium are beneficial to the soil structure. Conversely, the increase
in sodium ion content is harmful to the soil. The correction of sodium, calcium, and magnesium

can be described by sodium absorption ratio (SAR):

Na*

J(Ca2+ Mgz+)
2

RESULTS and DISCUSSION
1.1 River and sediment chemistry and related characteristics

In Nanxiong Bridge, water temperature is about 26.8 °C during the sampling period, pH
value is about 7.6 within the range from 7.21 to 8.51, conductivity ranges from 96 to 500 ps/cm,
sediment concentration shows the difference ranges from 10 to 33700 mg/L, the most Cl°
concentration is less than or near 1500 pM with the average of 610 uM, which is much lower
than the global mean of 1316 uM (Gaillardet et al., 1999). The averaged riverine SO4>
concentration is 802 pM with the maximum of 1661uM. The averaged Na* concentration is
1681 uM with the maximum of 3386 uM, the averaged Na' is about 4.4 times higher than

averaged level of other catchments in Taiwan. Mg?" and Ca?", the averaged concentrations are
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523 and 820 puM, respectively. The averaged SAR is 8.1 with a maximum of 17.6. The averaged
Dso is 5.60 um within the range from 3.91 to 8.23 um. Discharge shows the difference ranges
from 2 to 753 c.m.s. In Guting Bridge, water temperature and pH value are of similar with
Nanxiong Bridge, conductivity ranges from 99 to 930 ps/cm, sediment concentration also
shows the difference ranges from 164 to 35900 mg/L, the most Cl" concentration is 1500 uM
with the average of 492 puM. The averaged riverine SO4* concentration is 619 uM with a
maximum of 1504 uM. The averaged Na" concentration is 1565 uM with a maximum of 3743
uM. Mg?" and Ca?’, the averaged concentrations are 459 and 748 pM, respectively. The
averaged SAR is 8.2 with a maximum of 24.9. The averaged Dso is 5.31 pm within the range
from 3.55 to 6.80 um. Hourly precipitation shows the difference ranges from 0 to 64 mm/hr.
The major element of the two selected sediment samples shows that calcium and sodium

account for about 10 % of the mass loss in this even.
1.2 Time series of concentration of the selected ions in storm period

Dissolution of evaporite, i.e., halite (NaCl) and gypsum (CaSO4) would increase the
concentration of related ions. Therefore, the concentration of related ion would help to classify
the supply condition of weathering martial, which may also represent the lithological
controlling effect of each catchment. Here, we hope that the 3 hr interval of time series of
concentration of Na*, Cl-, Ca*?, and SO4"? are qualified to represent the lithological martial
supply condition of the two catchments, Nanxiong Bridge and Guting Bridge during the storm
event. Here, we use the dilution ratio as a reference (the ion concentration at a certain time
divided by the ion concentration at the first time) that values greater than 1 represent
concentration, and vice versa represent dilution.

Na® in Nanxiong Bridge shows a dilution ratio of 0.85 at the early storm period, the
discharge is about 2 C.M.S. at that time. The dilution ratio instead increases to 1.21-1.49 with
the discharge of 34-116 C.M.S at first peak of discharge. Subsequently, it always keeps the
state of dilution until the end of the event within the range from dilution ratio of 0.19 to 0.98.
During the largest peak of discharge, the dilution ratio is about 0.50. Cl- in Nanxiong Bridge
also shows dilution ratio of 0.58 at the early storm period, and increases to 1.85 at first peak of
discharge, then keep state of dilution until the end of storm event. Ca*>" in Nanxiong Bridge
show positive correlation between dilution ratio and discharge, and therefore it appears a
dilution ratio of 0.90 at the early of the event and then strongly diluted (dilution ratio of 0.30)
at the largest peak of discharge and returned to the dilution ratio of 0.67 at the end of the event.
SO4*? in Nanxiong Bridge show a dilution ratio of 0.73 at the early of the event and keep
concentrating to dilution ratio of 1.07 to 1.65 at the first peak of discharge, then strongly diluted
(dilution ratio of 0.39) at the largest peak of discharge and returned to the dilution ratio of 1.00
at the end of the event.

Na" in Guting Bridge shows a dilution ratio of 3.20 at the early storm period, the

precipitation is about 16.5 mm/hr at that time and keep concentrating at first peak of
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precipitation. After a brief dilution, it concentrates to dilution ratio of 3.00 at largest peak of
precipitation (64 mm/hr). Subsequently, it keeps the state of dilution until the end of the event
within the range from dilution ratio of 0.57 to 0.84 and re-concentrate to dilution ratio of 1.05
to 1.38 at the end of the storm event. CI- in Guting Bridge also concentrates to dilution ratio of
4.32 at the early storm period, and keeps concentrate on dilution ratio of 1.61 to 1.74 at first
peak of precipitation, then reaches dilution ratio of 4.21 at the largest peak of precipitation.
Subsequently, it keeps the state of dilution until the end of the event within the range from
dilution ratio of 0.42 to 0.71 and re-concentrate to dilution ratio of 1.00 to 1.32 at the end of
storm event. Ca*? in Guting Bridge show the similar behavior of Ca*? in Nanxiong Bridge, it
appears a dilution ratio of 0.86 at the early of the event and then strongly diluted (dilution ratio
of 0.40) at the largest peak of precipitation and returned to the dilution ratio of 0.82 at the end
of the event. SO4™? in Guting Bridge show a dilution ratio of 1.89 at the early of the event and
dilute to dilution ratio of 0.74 to 0.99 at the first peak of precipitation, then strongly diluted
(dilution ratio of 0.45) at the largest peak of precipitation and returned to the dilution ratio of
0.95 at the end of the event.
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TKEJUREE » SRS By 30 cm > 3% IR TR P ER4ERE RS BRI T REE N
EREZE > TBKEZm A T EE T - BN KSR T EE S EZE
TAE » P IEEUFRAE IR ST -

SR EEET

— ~ TR

AR R I A T S s R R ) R R » 388 BRI
SRS > SEREETRAE ARSI » MAE SRS R Es (H
B <40 mm) > HERH FEAESASL - CEAEERE S YE = BRATE
NS 3% 5 TEFRERYY 40-60 mm B > 7-14% HIFRE2RLENEENEE ; EHe
B 163mm B “EHREBEIE 3040% FISRE - 4 LET - T BRATE
BB A K O R A R S K Sy A R B RS (% 1) -

TR R A AT B A 550 KAV S RIS TS 230 50%
PR E R » BT R DU R T SO 2 - B
HPREATE - BANTBZZEIE DR AR R T 48+ R S (S I
BT B IR AT (<10 mm/hr) » {E(EIRAEIIRERT T R /KEs 5 R+
o - ML R RS R B BT > FEI R FIEREeR
LGS 45% DU » UM T BIREITE » A B A M R B T A
BHFERAEE (B 1) -

SIOME N TR AT 38R 3 T B B S A RE SR s B » S
TR BRI AR AR B (4849 50 muvhr) » ZELLZSHIZS RS B R IR
HUZRRIRE T > SUE5E 80% HURART RN HEORR - T2 H T by ek M R BR %
USRI E BN R REE 0 4B RERINEE 88% o AMTELZSHISRE
%A - BB ISR RIS 30-60% » LEEB AR BHEE - BT
B B T RO PR P B8 R K S I ARG » A » SR G5
RAVFIE ORISR » F TS A R A - s g
S BN o HIF K Er e R > BB IS REAIRAE (3 2) -
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R EIEMR RN HIR2 Rl R

EARmE THBRRBE #AE (mm) #AE (mm) W vk R R E (mm)
(mm) (mm/hr) E. | i § ER 2R ¥ ER EY | il f KR
45 135 0.0 0.0 0.0 0.0 0.0 0.0 3.1 0.0 0.0
' ’ 0.2% 0.0% 0.0% 0.0% 0.0% 0.0% 69.5% 0.1% 0.1%
120 240 0.0 0.0 0.0 0.0 0.0 0.0 5.8 0.0 0.0
’ ’ 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 48.3% 0.1% 0.1%
165 46 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.1 0.0
’ ’ 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.8% 0.7% 0.0%
50.0 286 6.9 0.1 0.0 0.0 0.1 5.7 26.0 0.1 3.6
’ ’ 13.8% 0.2% 0.0% 0.0% 0.2% 11.3% 51.9% 0.3% 7.2%
35 14.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.0
o ’ 0.0% 0.0% 0.0% 0.0% 0.0% 1.0% 2.2% 0.0% 0.0%
45 77 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.0
- ’ 0.1% 0.0% 0.0% 0.0% 0.6% 0.0% 1.3% 0.0% 0.0%
10.5 38 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
’ o 0.2% 0.0% 0.0% 0.1% 0.0% 0.4% 0.2% 0.0% 0.0%
14.5 10.2 0.2 0.0 0.0 0.0 0.1 0.1 1.2 0.0 0.0
’ ’ 1.2% 0.0% 0.0% 0.3% 0.6% 0.7% 8.5% 0.0% 0.0%
3.0 1392 0.0 0.0 0.0 0.0 0.5 1.0 5.0 0.0 0.1
’ ’ 0.0% 0.0% 0.0% 0.1% 1.7% 3.0% 15.7% 0.0% 0.2%
35.0 19.1 0.6 0.0 0.0 0.1 0.1 0.9 6.4 0.0 0.0
’ ’ 1.8% 0.0% 0.0% 0.2% 0.3% 2.7% 18.2% 0.0% 0.1%
400 17.8 2.8 0.0 0.5 0.5 0.0 1.1 11.9 0.0 0.1
’ ’ 7.1% 0.0% 1.3% 1.3% 0.0% 2.9% 29.7% 0.0% 0.2%
540 15.1 1.1 0.3 2.0 0.5 0.1 7.2 16.8 0.0 0.7
’ ’ 2.1% 0.6% 3.6% 0.9% 0.3% 13.4% 31.2% 0.0% 1.2%
109.0 344 0.6 0.0 0.8 0.5 1.8 6.6 47.3 0.0 9.2
0.5% 0.0% 0.7% 0.5% 1.6% 6.1% 43.4% 0.0% 8.5%
163.0 106 4.9 0.2 52.0 2.1 1.0 68.1 66.6 3.1 13.7
3.0% 0.1% 31.9% 1.3% 0.6% 41.8% 40.9% 1.9% 8.4%

it t By BT ReRE AT A S ERAT IR LR E R R e S T e & LR

R 2. IR T2 R R

L Zd XM E (mm)

EAE % & (mm) P31 5% B (mm/hr) Py v —
R M 50.0 50.0 09(-;;) 0(.)43/0 7?;%[7%
i i o 311.34(3/0 1?52/0 5?&?3/0
WM R 20 T 157.‘? % 0(.)(5(‘3/0 ztlysli/u
ki > 018 3158/0 0(.)43/0 szi(:/o
ek o b 1(.)53%3 o(.ﬁ/o %;57;)

it ¢ R e S AT e A S Z B

=~ HEEZRKE S

Fi TR R 2 /KR T T SEEENENER - AT DU R A [ A A &
TR - SERR I HNMAIRD - il N TSR I T2 R Ka /K E R - |
HEMPRETEM T B R AR VB T MIGIRIE - B mTHYE A e BRI 1 -
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#TE - BRE - REM - BRS 2ER—

TEEEBEHKORBEZHE

BHIHVEETEZLL Ca¥' R SO FoE » HrhRE 81y K~ Na’' & Mg®" TREME
AR » EBEELR B AL AU IR TRV AR © LSROHRRAE RAVEE T2 e R
YE 2 > S IEEE T2 LIRS B R A MG SRAR (DL - 1025 B T2 HHAY e e il 7 3 R
B/KIFEHARIARE © AR B HYRFEZY Fy 40-60 min - [IF/KAEE G T RHY2
TREHERERIET & 30-60 min PRIEEEH -

AT FEE P 7K o 2 TR BT A R IR E LUKz [t R B e AR R BEAG T e bl 25 1
AR S E TR TR ELE 10 rErKERIIGER - RO 5N E R
FREETE - HBIGERNFR 3 fon » EEEAHN Ca¥' L BHE BRI A
g (2 / il A>100 %) - BURERIFRENHIEZE T > TR &8 a s
PRI TR © BRIECZA1 - 2By Ls SRR TR e A BURAER s
PRIV T - TIRAVE T IREERFIT AR o SHAMELSRHZRRAE RTHYFE A R A3 -
NOs 2 EEelFhiim AR s - SRITRENIR A REGE T NOs AEnHAT
N AT ERAERREY HIS NG REUR - NOy™ HY 2R S A AIEREE - HAE
Mg* ~ K"~ ClI" J& SOs* S REIZZFIERAIING: » BRULIFOHZEAYAE RE K AL
EERVEATER - bR T RERRIKIE TEBHYBIRSD - WFE B BB THRE -

35 0.2 35
3 3
25 0.15 25
2 2
01+
15 15
1 0.05 1
05 ﬂ 05
oL = 0 —_————— 0 e — =
11:35  11:50 12:00 1210 12:20 12:30 11:40 11:50 12:00 12110 1220 12:30 11:40 11:50 12:00 12:10 12:20 12:30 12:40
~—MNa —NH4 —K Mg —Ca —MNa —NH4 —K Mg —Ca —MNa —NH4 —K Mg —Ca
8 02 3
7.
25
6 0.15
5 2
4 01 1.5
3
1
2 0.05
. 0.5
° e S— 0 e — — = 0 e —
11:35  11:50  12:00  12:10  12:20  12:30 11:40  11:50  12:00 1210 1220 12:30 11:4D 11:50 12:00 1240 12:20 12:30 12:40
—F —Cl —NO2 — NO3 —PO4 —S04 —F —Cl —NO2 —NO3 —PO4 —504 —F —Cl —NO2 - NO3 —PO4 —S04

i

L USRS AR S RE Al T2 Rl TR I E5IE] - 3« Bk mgs™ -
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1.00 1.60
A 1.40
0.80 1 1.20
0.60 1.00 +
0.80 -
0.40 0.60 -
0.20 - 0.40 -
0.20 -
e —
0.00 0.00 - —== —_— —
11:40 11:50 12:00 12:10 12:20 12:30 12:40 11:50 12:00 12:10 12:20 12:30 12:40 12:50 13:00 13:10 13:20
==Na -=NH4 ——K Mg —Ca —Na —NHE —K Mg —Ca
&R R
3.50 1.40
300 JA 120 | A
2.50 - 1.00 -
2.00 - 0.80 4
1.50 1 0.60
1.00 - 0.40
0.50 0.20
0.00 - 0.00 -
11:40 11:50 12:00 12:10 12:20 12:30 12:40 11:50 12:00 12:10 12:20 12:30 12:40 12:50 13:00 13:10 13:20
——F ——ClI NO2 =——NQO3 —P04 —S04 e i ¥ NO2 ——NO3 —P04 —504
&R xR
0.80 B 3.00 B
2.50 -
0.60 -
2.00 -
0.40 - 1.50 -
1.00 -
0.20 -
0507 /’.\
0.00 0.00 I—F=——==
10:5511:0511:1511:2511:3511:45 11:5512:05 12:15 11:1511:2511:3511:4511:5512:0512:1512:2512:3512:4512:55
——Na ——NH4 —K Mg ——Ca ——Na ——NH4 —K Mg —Ca
&R AR
3.00 2.00 B
2.50 - B
1.50
2.00 4
1.50 - 1.00 -
1.00 4
0.50 -
0.50 -
/-—'\-...‘-_
0.00 - 0.00

—eF —Cl

10:5511:05 11:1511:2511:35 11:4511:55 12:05 12:15
NO2 —NO3 —P04 —S504

11:1511:2511:3511:4511:5512:0512:1512:2512:3512:4512:55
—F —Cl NO2 —NO3 —P04 —S04

&l 2. LoRHRR
ab - R 52.0

fEERAE R T IE2 R Tk B SIS E -
mm (A) ; RS 49.5 mm (B) ¢ B/ mg s
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Brs - DRE BEY BERE 2EFE—
FREEBEHIKURIEC R E

3. BHEFR S KA E

- BIEHL®
& A AR + + 2+ 24+ - - - - 2-
Na K Mg Ca F Cl NGO, NO; SOy
Ocm B4 & 2.88 1.17 2.15 6.39 0.08 1.03 0.05 1.72 14.30
0cm B HF 0.05 0.01 0.02 0.37 0.00 0.02 0.01 0.02 0.28
B i, 85cm # & 1.49 0.15 0.14 7.05 0.10 0.66 0.02 0.79 4.68

EmEANE 7.52 2.99 10.69 11.57 0.06 3.74 0.15 2.39 34.35
BEEA 58.67%  44.64%  21.53% 119.34% 297.81% 45.80% 51.63% 106.03%  56.08%
Ocm &4 & 0.51 0.51 0.24 0.76 0.05 0.29 0.08 1.18 2.41

. 8Scm#&HE 086 024 004 408 002 046 003 230 269

WA RRRAE mopee g 449 386 450 389 007 267 028 1171 19.06
B/A 30.57% 19.42%  629%  124.53% 98.20% 27.90% 37.96% 29.68%  26.79%

Oem 2% 232 106 046 109 004 051 003 176 429

., SScmA&HE 09 014 005 624 005 042 009 193 318

AR mam A ® 492 358 383 297 023 233 021 663 1671

Bl I 65.38% 33.33% 13.34% 246.53% 3621% 40.20% 53.88% 5568% 44.71%
5F @ SRR 52.0 mm ;  EEEERR 49.5 mm o

ARA T ERGE BN - EUPOHRAE TR AR (108 422 H) » BRI AR
I ARELD 527> B HEZINEENL 408 g BURESAMAYHFAIET - -
SR SR o WA & NS BRI PR TR G » MELSRORZRRAE R (108 4 11
H) BUBEHEN (47 mm) SUBRSEREUT - [ERIAEE TN ALY 5.33 g HYEHR > & E L
2R RS 1.85g > BURUR fﬁﬂ’]ﬁﬂﬁﬂhTMﬁxﬁZE’]éﬁm e g A YA TR
MRWE ISR 1 omlErg Y A TR 70U

=~ RBOKSH

7 IR BB T HRE AR (R 4) > "I DL T IR A R IR FELLTR
HZRRAHEER » o7 5E 108 4F 7 A & 10 AR H/KEREUR - USRE KA
ﬁﬁ%&?az%’zf 10 A~ > ShREAIR 2387 - BURILGRAVAE & A RE (R IR UK & HY
BALGHET  ZAMAER IR R £ (NOy) AIE IR AVEESR - RIDHRAVAE KRRk
WOREAYEAL » SR EIRIAR T SRR 388 s YRR 1 T e BB 22 5
BRI NIV o BT e R RIAVRFE SN - DDA AE SR R > 188
AR HIE T RACBEY A RH BSR4 -

T4, UPRHRE TR HE T PHRE

i”l 2 3 g+ T390k R (ppm)
P Y A Na* K* Mg? Ca? F Cl NOy NO; SO
b 1413 0900 0.012 0.085 0.102 0.186 0084 0088 2.163
108 & (0.190) (0.960) (0.007) (0.042) (0.052) (0.018) (0.119) (0.054) (1.016)
70 . 1259  1.095 0014 0.191 0.081 0619 0.120 0326  3.082
(0.374) (0.325) (0.007) (0.164) (0.050) (0.539) (0.207) (0.014) (0.425)
e 1.192 0552 0.007 0.043 0.097 0.167 0.103 0478  1.268
08 10 (0.138)  (0.707) (0.004) (0.027) (0.028) (0.126) (0.046) (0.378) (1.121)
- .10l 1.148  0.035 0350 0.111 0263 0.134 0270 2.172

(0.137) (0.881) (0.046) (0.402) (0.118) (0.203) (0.022) (0.212) (0.149)
aE ¢ FESR AR o

82



2020 HMEKE RIRIHEAIBAETE © 77-83

5 [ FCRR

B~ B0 BRI R (1994) NS REVSRAKE Y 1T - gk
EEREEEH 25(2): 8393 -

BRI (2015) A [E] £ Al FHRYEE SRR - 280 BT 2 9T o BT A B A ER R TAZEE 2
e ramsC H 130 H -

Dunkerley, D. (2015) Percolation through leaf litter: What happens during rainfall events of
varying intensity? Journal of Hydrology 525 : 737-746.

Lai, X., Liao, K., Feng, H., and Zhu, Q. (2016) Responses of soil water percolation to dynamic
interactions among rainfall, antecedent moisture and season in a forest site. Journal of
Hydrology 540 : 565-573.

Liu, X., He, Y., Zhao, X., Zhang, T., Li, Y., Yun, J., and Yue, X. (2016) The response of soil
water and deep percolation under Caragana microphylla to rainfall in the Horqin Sand
Land, northern China. Catena 139 : 82-91.

Archer, N. A., Otten, W., Schmidt, S., Bengough, A. G., Shah, N., and Bonell, M. (2016)
Rainfall infiltration and soil hydrological characteristics below ancient forest, planted
forest and grassland in a temperate northern climate. Ecohydrology 9(4) : 585-600.

Zhan, T. L. T., Qiu, Q. W., and Xu, W. J. (2016) Analytical solution for infiltration and deep
percolation of rainwater into a monolithic cover subjected to different patterns of rainfall.
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SEE D s

D BT R E K SRR £ > 402 SRR S ELKRS 145 55 -
©EHEE yuanlin@dragon.nchu.edu.tw

RS

/B/KEME £ & {7777 (Riparian vegetated buffer strip, RVBS) .~ 5 B ai[EIFFAE A — 2
EKEACE ~ KB JOBRIRTE Z (R 2l - BEEEASER AR 57T - EKEE
A SR SR R SRR o PR e R e MRV S AR S e id Z 85 - AR FE LA
S B VUGB AR (R ~ B T/KAL ~ BRER R HOME R R T B ARR - fOK
FHZ 2= AR T BIREACE. - REPTECE SR 2B ¢ (1)FRER — A et 2
BRI ~ Q)EGT/KALER — LG RGN e BT a S S e #) ~ Q)72
5 — SIS ERR 5 S A - AT 2 B K A SR i e B S T B £ ARG
REGOEGEE LSS -

\\\g

Tl

VKR AE A 45 (T (T (L IR AR R B8 ~ 7K B [P B K s e s A A e
bk AN IR g R 2 K~ BRI REE - AR R E AR S E E & (0,
2008) » FEIRSSAMEEIE A R BRS AT > ME RS ~ B - Bi - BN R AOER
FNE - P HRIZIASCR R A S ErT RIS PR RLEEE] - ST 2 85— i M REIsm s
KA 3 REE R - B e e LSRR =185 =((Bisson et al., 1987) - SEEHEZEES
PR E R EN Z & E T RE Ry 20~30m > SR /KlE PR AR 55 42 @RI Ay 30m 5 B
IKRECRFPAEARE RS 30~50 ARZMH - AN VEFASIHEETEERIARE
% TEKSRE T IRE R SR BLEL T A S R YRR (> RETTREE N e » AR ZER
B2 - K2 HRERPNEEFRK > (eIt R - e R R At
PHAK > FCE R = 2 TR EEPR IR, 2020) - = B4 B Bt SCBL K B
L HEREIR RN K A SR T I S B E - MR R L E NI R PR B R 2
R SKEL5T5 $E ~ B Sg IR  F AR A < FRREIE T AR B AR it S S TR RE A Ry B
- g

Vapr

—  HIFEE

KRRy e BT E R > FUSRERREY B 3,157 P A E » SRR S 3,220 24
Rz &8l iERIER]  SB/KE 2R R 186.6 AH » KB RI)1]  HACE L~ o -
NI R ~ (L PR 1) o Ui SERE IR - S AT
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B Z SRE I N IEROKERFIANS - B TRRSFIR/KEIR > 42 Ll K
BEEK o b~ s 1t pE S8 K BHBR AT Ry BIERUKLRK - R KEEATE
A B BTN EARAROEE NI - Zia B b F T KERME - BROZ T
R PR ] | DR B R - A/ KRR R ER & Jel R Ky TR RAIARR b 55 5%
EE > EMTAT IR ZE R E 2 2 -

120°400"F. 121°200"F

E £
- -F
5 2
[] Zhuo-Shui River
g | watershed g
g B River 'g
7] Forest land
[ Slopeland
[_| Flat area
0 10 20
Kilometers
lZO’O‘I'O"! 121°20"0"E
1 AR ISER T8
=~ WisERAREE AR

AW R ERESEEE - mRENT R - DTSR - BETIKESES R E
il Z REERANMEAH - AR VR BIE BRI 1 - B8 /KIEE R 288 (WinGrid)
Rt PR E R 28t (ArcGis) FHias - 4@ BUE/KEaH AR E WO E TR 2 VUFRtRiaR - R
FCEMIE < BEIURRR R AR 2 B0 StEPA RN BT et WIFURE A 2% 1E 2 -
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e /KA BIREREE - BRI ] Ry /KU TE B ZAE 15 - DUKERI A AT 2500 B
ET/KALERZERI AT -

() R4 :

B4R T 275 8 ] v P s B AL FR SR DT Bk » TEGh = BORHEY ] 5 2838 52
G AT AT HIER oI ZR Sy #E (Maximum Likelihood Classification) A2 52
HIeR b (A G B =05y B A (Lillesand & Kiefer, 2000) » L Google Earth
1mage =Ty s b= e il =l o = N e = R | RO Y = o N R v LS e = N B

AR E R T B2 MRIB T 8 - FERGET /K4 343 2 fEEe % > o] F DA R
/_J ” BERRET/KAU IS 2 788, T ) &My > PE I B R /K B G T EEL -

(4) ZFEHJFEE:

e HIERE M TR S REME L DEER - M 'R HLRIRE
Yt JE & m] 2 H A E ] - 25 M ﬁ(ZOOS)BAtﬁ/%*/%ﬁEKHj:iﬂlﬂﬁﬁ (PRI ~
S R i HER R s 2 46 TR EEHEITHURR(Lin, 2002)1 48 S0 EE N HI1%/g
hZ RS > SR ERE s et (%% 2) A BB/ KEtE A 4R I - B
RNHEZ a0 A e RS S Rw i > D pis3uKE -

xR 2. e HIERMEER

HH AR (ppm) 12 (m)
K" 97.48 739
Na* 75.23 6.15
Ca’ 399.9 633
Mg’ 32.06 4.11
EC 914.604* 1.58
% (uS/cm) ERIAOR: AR (200)
LR s L

e ERERETR BRI AGESHHESSETMUEE | &R

31245 -
BIEEREEHSHFIER , AT
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[2a#dE]
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