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PROPERTIES OF SATURATED AND UNSATURATED
HYDRAULIC CONDUCTIVITY IN LIENHUACHIH
FORESTLAND

Yeng-bang Tsai' Ming-chieh Chen®

[ Abstract)] This study is to investigate the properties of saturated and unsaturated
permeability of forestland. In Experimental watershed No. 4 (No. 4) and watershed No.
5 (No. 5) of Lienhuachih Research Center, three undisturbed soil samples with diameter
20 cm and length 40 cm were taken respectively to measure saturated hydraulic
conductivity (K) by constant head control method and unsaturated hydraulic
conductivity (K,) by steady state flux control method on condition of different
simulated rainfall intensity. From saturated permeability test results, K of No. 4 was
2.03x107-2.17x10" cm sec ' and No. 5 was 2.16x10°=3.37x10" cm sec ', which
reveal the Ky of No. 5 was slightly higher than No. 4. Secondly, from unsaturated
permeability test results, K, of each depth of soil sample increase with simulated
rainfall intensity, and the deeper soil was increase more obviously. When the simulated
rainfall intensity up to 40 mm/hr, K, of each depth of soil sample was still smaller than
K, that reveal the permeability of forestland is well. Furthermore, Brooks and Corey
method was used to analyze the relationship between K, and water pressure head (y) for
the estimation of soil pore size distribution parameter (1) and critical capillary head
(w¢ ). The result of n of No. 4 was about 11-43, and No. 5 was about 6—17, that reveal
the heterogeneity of pore size distribution of No.5 was more than No. 4. The absolute
value y . of No. 4 was about 29.5-32.4 cm, and No. 5 was about 27.2-28.8 cm, that
reveal the capillary risen height of No.4 slightly larger than No. 5, and the macropore

diameter of No. 4 was slightly smaller than No. 5.

[ Key words] Constant head permeability test, Hydraulic conductivity, Lienhuachih,

Brooks and Corey method
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F1o N2~ BEFRHFEETEEE A SV G - it 185 HE 2 EIRHEE A
g QRIS BRI - HIMARSHIARFLIR - HR/K2ERENN £2EE - I
{1 AE [ B B A AYAZE E (Beven and Germann, 1982; Germann, 1990) » [#pRHE
REFEF MR AVRIK R AL » BDRENER - BRI 6 5 72 At 2 g7k
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HIR 8 HHAKERFLISE ) » KIMEEEERRAE - Hik - KRS
BIRERNK I BENRE - RIS EAD - RPKITEERIE - 7R 8ALRAR
T BRRILBEAK o #eHRZE - FLIRAM# 22 RS - EEFLIE SRR R R
BETT - i A SR SRR AR A S D - e 2 BB RE Ry B A H 888K o
BEIE ] - BEE SRR K BB R UEER D L E - EEOK I EHEE T
[ (Hillel, 1988) - HFEZ TIEE/KCRMIK » 12/ LR F/K IR ENZ 88 T E B
5 o 7K {E B AR | -

BFIK SRR ZHIE » v B PRECNEBEEG 2 = N sl B LR HIE - =
N ERER T 47 o B /K BEE R KT E - B /KUEE Rob (it e 38 — /K BEAY /K 73 (L FE
sCk s AG HH K EE TR AR K I EE R (K)E  BOKEEARR A B b1
T—I/KEHS » sesko/KEE e BERFfE Ry 2B LG T K {E (Anderson and Burt, 1990) ~ —
RS » E/KEEDEROE A K E AR 10 em sec ' Y115 » S/KEEERTE T K
{E/INF> 10 em sec ! (3% (Martin et al, 2006) o SHUHIE R R KRR A
FEpk > DUHIE BE R K D EE - HE N J775%F Auger hole method ~ Disc
permeameter ~ BEEEREVEELR A 25T ~ Guelph 2% 51 (Martin et al, 2006; Perroux, 1988;
Bower, 1986; Reynolds and Elrick, 1985) « 7R &fIF17K J7 {8 2 (K,) AV HIE 7724
Anderson and Burt(1990)+5 H1F & 5= 0] #1| FH 12 2 A8 /K BETE )£ (Steady  state head
control method) ~ 27 FEJ A 252 (Steady state flux control method) ~ BEE—20 B H
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i £(One step outflow method)H|E K,

A T BEAIEEL A B AIRER T /K BB EHY T2 A BRI E K T {EEE
GZEK I REETRUE » DR A e FE RS RN 1 39828 U P id Y 52
2 H o NEERLIREE YK EE R 5 Bt ok G « B /NI E
BhEA ARG HY BB E o] e g R R BRI 3BV K ~ /NFLPRZE S L - (45 SRAVEE R
HHZE{R A (Mohanty et al., 1994) - [t » AGHFE Ry PRET AR+ SRR A BEA1K
JIEHEERFF I » SR U SR B T SR 8K - (A EAR 20 cm ~ RJE 40 cm Y
PR HE - SRECAEE) T RGBT E NS - DI KEBAHIE A F K& +
SREEAI/K I EHE R RS - DUR(E AR ERER AR A - A [F R R AR
T HIE AR EIRIK SR (Ky) - 6 HT K A BELER 17K BEER (% -

II ~ MORIERTTE
(1) SEHAEN
FFRS% b B A bk S s B TR S B 9T R0 R B Bk A AL - T

461.04 ha » JEHIIST IR 576-925 m « B Fyds =40ipiritt 2 e E WS K EH S I g T
TR (EPRIEEE - 1978 ) 1383 HE N A 5 BN S 1 (Typic Paleudult)
e R Bl B R BRI R T - TR EE ST E - TP
SLPRER M Sy BRI T B Bk + G S 1993 ) - SPHIFIEFR & Ry 2229.1
mm - H[ERE it 2 528 REIR A T H 2L TR E
82% » F75EFE [y 1020.1 mm (E5REFE - 2000) - HFFEHULE 1966 FREFEEE 11
Fr i iielip e K& - Hrr OsRel 75k SAH E D7 fir B RS EKE - 78 1978 & 11
AZERRF 3 HIEUsR s KEE T (% - BRI TRAEAN - ASRRIEE LR K
IREAHPHESREMNER - B LEEY DERFIR R T > fEbbi AR EMAERY
FMACSCRF (I REE > 2002) « PUSE ~ A58 /KIE AR SO IR 2 B4R > A

FERPUSEEE/KlE B ~ C ~ D BRERHIILIA BT 58Kl B ~ C ~ D BRERIIE R » &
PREL 1 {E EAR 20 em > R JE 40 om RBINEE) HIEES - REWET 25 - B
PR EAIE 1~ & 2 fos e
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FEABIN12 ZE 5 TP RS (EIE R P AR R RREEHY v~ K ARA@)ZT
HEFTAER AT > ISR 2 R AR E A Z EIEL > log(y ) Ryl iR o 2 #REE -

(V) THEYEMEERIE

T TSR A /K @ PR B AN B 8 T IS AS R R0 - AR (i B e R AT N
F10 cnBRHUEALS om ~ 55 ey N EEEES T 16{6 » SLHIE LIRSS ~ RFLFREE
HILHE ~ S280%E - BRdicERE - EELERMALERUEAE 2 - KR
£k &l o A A e LR B BT AR E 2 o R FL B 2 (Macroporosity) BiL /N £, 5 3
(microporosity) < HIE - {5 R JJ#EEEE 2~ INEEHE/K Z.4% (pressured extraction water
system)H[7E > -

I ~ EREAT 3w

(1) TEEBYEEEE

TSREEKE (75%) ZBMAES -8 - 38 16 (EE088 - KAV ELLE - %2
HERS B S RN T ARE T4 WS ERIERR I (2007) A PSR EE/KIE (PU5%) Ffs
GEE O BEINR 1 R 2 -

21 DUSEZ 2R 0 em AV ELELEESEIFME Ky 2.47 » /NP 20 em Y 2.57 5 %€
0 om HYFZYARE A PHEHE 0.87 g om ™ tHEEEE 20 cm Y 1.07 g om /)N » BRI
0 cm Y 3805 Sy i 5% - BERSTT &> TSI & & 2.6% I &2 1E 43.2%
o KRR SR 54.1% 0 F = lEE > BHUSEINIER L - £ 20 AFRE
& 0 cm PYELEESFI(E B 2.31 0 /N 20 em (19 2.39 5 768 0 em VEZAERS S
SEHEE 0.58 g om > B 20 cm Y 1.08 g cm /] o FrHRHY S BT BLDUSE
YAl > JIRZRIE BN A RERS o (R T IEER AR » EECEE 0 cm FLIEERES
= 0 HERE - BZAERS R R - B E  TIEEEREINEE 274% 0 e g
1E 44.8% /545 - Kk &g 28.0% » =A% BitEIvERE L -

72 3 RslUsk - TR TIRFLBRARAVARET4S R « USEZ TEERE 0 om AYAEFLIE
¥R 73.0% > PLZEE 20 cm 2 63.3%2%5 T 10% o Hor > 3880 0 cm (Y KFLIEES
FAZRRE 20 cm £ 3.3% » 0 cm HYFHFLIREZ TR 20 em £ 9.7% « Ti5t 2 THEEFLIEAR
STASER - ZRE 0 cm ~ 20 em WYAEFLIRZFIT 531 Ry 75.2% ~ 63.7% » 2% 0 cm 2K
FLBRERZ) 20 em £ 11.6% » 258 0 em AHFLIEZR A 20 cm 49 15.2% - H4&HFEL

K
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PREAZR ~ IIEAR(1996) I &S SRAT - $THRFR 3 3537 > VUSRAVARFLIS R B 7L -
PR LR o HEHIUSE B (IR 4% 30 47 > TLEE R R RAARIIAREE

x 1 SREKEA RS 2 HEYFEESEHERCUEE » 2007)

Depth Specific Dry bulk Sand Silt Clay
(cm) Gravity density (g cm ™) (%) (%) (%)
0~10 2.47 0.87 2.8 44.8 52.3

(2.36~2.65) (0.71~1.05) (1~8) (35~59) (40~59)

50-30 2.57 1.07 23 41.7 56.0

(2.42~2.71) (0.92~1.25) (1~5) (35~49) (49~62)
Values in brackets are measured range of 19 samples
* 2 TSREKEAERE 2 Y E SR
Depth Specific Dry bulk Sand Silt Clay
(cm) Gravity  density (g cm ) (%) (%) (%)
0~10 231 0.58 29 45.9 25.1
(2.13~2.48) (0.43~0.71) (21~37) (41~55) (22~31)
20~30 2.39 1.08 25.7 43.6 30.7
(2.22~2.62) (0.95~1.15) (22~31) (37~47) (25~39)
Values in brackets are measured range of 16 samples
x 3 s RS EKEANE SRS LR R e T4 R
Depth Total porosit Macroporosit Coarse
Watershed (o) cy Co porosity (%)
0~10 73.0 8.8 31.3
No.4
20~30 63.7 55 21.6
0~10 75.2 16.3 31.2
No.5
20~30 63.3 4.7 16.0

(1) BERISERERER

FRrusReEoKE (PU5%) B~ C -~ D ERERAVILIE R » AR TSR KE (7i5%) B

C - D REENILIERE » SERE L {EER 20 cm > &[5 40 cm KA EE) IS (B
Fedmot < fy A~ B~ C)» NEWNEITE/KHEEINUK ST EEE RS - SalElEE K
B 7 K CORKEES 7y A F 5~ 10 ~ 15~ 20 ~ 25 ~ 30 cm > [REGREEHY R/
40 cm RIJ A5 [EHYZK T T3E (AL » 157 R (Flux) B 7K 7387 [ 4 S (4 ] ([ 3~[Ed
8) » BJLIE H Wi e B B AFHVARMER % o U5t 2 = (EE A8V aERI/K ST ERE 73 7 K
2.04x107° ecm sec ' ~ 2.17x10° ecm sec ' ~ 2.03x107° cm sec | 5 FBEY = (EEEEAYEf
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FIAK S {EE R 43 Bl By 2.16x107° cm sec ' ~2.57x107° ecm sec ' ~3.37x107 cm sec ' (32
4) » BURTLIRAVEEA /K M EEER R UGE - 2F YR E S has R - s 11
RALPEZEEIUSE S - RILEER S HYEERIK A -

Kﬁﬂ‘ Zi%@i@%ﬁi AR E(2007)HY 4 S AH ERE 1B LLEE/KIEAYEIRIK 1
d » I ELL /K& 88 Ry pRfa L - TIRAE R Rz - HoRFLEE R
ﬂﬁ%@ﬁﬁt”/& =K By 0 Rl BERIK I EHESES -

F 4 GEFEAMY ~ AEKEBEELLEKE 2 SR K TEEETLET
Depth Ky(x10~ cm sec™)
Watershed
(cm) Sample A Sample B Sample C
R U 0~40 2.04 2.17 2.03
TN 75 0~40 2.16 2.57 3.37
TELL—5F* 0~40 10.90 5.53 7.58

*%[%@Bﬁ HM\ * //\)u (2007)

0.002
y=0.002x- 1E-05
0.0015 | 2=0998
7
5 0001 f
=
0.0005 F
() l l l l
0 0.2 0.4 0.6 0.8 1

hydraulic gradient (Ah/L)

& 3 PUsRERKE A slReE /KBS E R 2 R SR T3 R (%
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& 4 VUSRSE/KE B SUeE /KBS B 2 i R SL/K 52 [ A fE 4
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o v=0.002x+ 3E-06
0.0015 i o
.00l °=0999
7
\gn 001 F
=
0.0005
{) 1 1 1 1
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hydraulic gradient (AL/L)
& 5 PUSEEE/KIE C sl e KIS o i o B /K T3 RN e (4

0.002
y=0.002x+ 2E-05

00015 | F=0997
n
3 0001 |
el

0.0005 |

0 ' ' '

hydraulic gradient (Al/L)

& 6 FiHTHE/KE A BUEGE K2 B R 2 i R B K T T [ B (%
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0.0025
0.002 F y=0.0029x-0.0002
-=0.999

2 0.0015 F
\:5/
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hydraulic gradient (AIVL)

7 HESEOKE B sAGE/KER2E e 2 AU BLK T T BR %

0.0025 y=0.0034x-2E-05
-=0.997

() 0015 |

q (uu S)
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& 8  FtfE/KE C SAeE KE2 Falln 2 it K B/K IS RE 4
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SPATIAL DISTRIBUTION OF SOIL WATER CONTENT
IN A FORESTED HEADWATER WATERSHED

Wei-li Liang' Meng-Chun Chan® Feng-Xu Hung® Tsung-Hsuan Lu?

[ Abstract]) This study was conducted on a field site in a forested headwater watershed
to estimate the spatial distribution of soil water content by initial measurements of detail
topography, near-surface soil water content, and electrical resistivity tomography. We
found that subsurface flow was frequently observed in colluvial soil. Near-surface soil
water content showed high heterogeneity with the values ranged from 2—48%. There
was a division in each of three electrical resistivity tomography, indicating the location

of soil-bedrock interface.

[ Key words] Forested headwater watershed, soil water content, electrical resistivity

tomography
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Fig.2 Topography, the measurement points of soil water content ( * ), and the
measurement points of Line 1, 2, and 3 (+) of electrical resistivity tomography in

the observation site.
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Fig.4 Spatial distribution of average soil water content at 0—12- and 0—20-cm depths

measured on on Jul. 10, Jul. 23, and Oct. 12, 2012 in the observation site.

23



RAEIL ~ B ~ SR~ BSE—AMER KRB 2 S 8Ky 2= Af

FEFEEMW (2001) FIFIRpIg R S R B MR LL— SRR/ KlE T K iR > 38308
J& T 3EAVBGIR 2K REE K B A HEHYE(E > f5H EEBEE T LN SE TR A R
Fa e DR /KR > SR LRI S /KRB EHRIK - SRR
TEREGTE S /KR S P Y SRR g UL - (B BiR N - B lED7 (2003)
[E A RIS B MR M 88K o BB I - 3330 HIBRS IR & /KRE S I 05
0~30 cmfVEEEI > FEFZRFIFMIGRIT AL B > FELARH30 em A 5wz
R R A0 > RSP YRS - AR FTas R B A5 2 HL[E i Fydg iR
AL B R EPIRRE I SR TR S/ KRIE R R & (HEB AN S 2=
RT3 A S PR AR B /KR ZE R o A N 85 DRI EE BRI B Y 388 XE i T4
FEMRKAE -

()AL EE RE 22 ] A B R B A
[l 5 Ry7Kor R B REZIEE 2012 427 H 8 H R Ryif 0 2012 5210 A 13 H Line
* 2~ 3 FTS Z EEEEPHZE R AR - ARIBIRGERIERAER - Line 1~ 3 #Y IR Fith
FIEMHIRECRROR B > 1 Line 2 AGERIZRA|IEIRG - KRRV ERH E A
HJRER BRI B 3 AIRAS - 2012 4 10 A 13 H 23R HELFT= RS EIRYZER 77
A o (BREEFHER  E /N - 550K R e sm ey & B - EA - [ 5 TPHY=1R
HER o] — B E 7 5 BB RS EL 100 15 > it iR
A AREE N T e B T Hy o 5T o PEERRH AT mT DLHER /KOS S 2 Rk > —
M = & a /KR e W E SR L E IRV - K2 REKREGEFLIRE
g R B ESRILEEE TR - LR E R R/ KO B GR a4 R - AL
A5 LA I {E B HI B K oy B B R - R (e DA MBI =R n DAFIRE - Bl
(ESOE > W H AT B A (Rl Y 72 S IR R (A BT 2 R RS H e B
FRSUITRT DL AR IEE A R 7K o3 R R ATEL -

24



2013 FIREEKIELLSHETE ¢ 17-26

Resistivity
(ohm.m)

1000.00
630.96

Resistivity
(ohm.m)

1000.00
630.96
398.11

& S 2012447 H8H ~20124 10 A 13 HETHIS 2 H4% Line 1 ~ 2~ 3 (& 2)
ELEE A 22 R0 -
Fig.5 Electrical resistivity tomography of Line 1, 2, and 3 measured on Jul. 8 and Oct.

13, 2012 in the observation site.
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(B sesa ] SR ~ Mlm{E S — Ao AT ~ RS = Ao AT

RAINFALL FREQUENCY ANALYSIS AT
TA-LUN MOUNTAINS

Shun-ping Tsao' Beng-chun Lee’

[ Abstract] Huafan University is located at Ta-Lun mountains over the hilly region of
northeastern Taiwan. The weather station has setup at west side campus since 2002,
measuring temperature, rainfall, wind speed, wind direction and other meteorological
factors. We use rainfall frequency analysis to study annual maximum rainfall intensity

from 2003 to 2012. Frequency analysis was used to obtain the best probability

Vg AR S R BN + MBI - T TEME: sptsao@cc.hfu.edu.tw
Assistant Professor, Department of Environmental & Hazards-Resistant Design, Huafan University.
Corresponding Author, E-mail: sptsao@cc.hfu.edu.tw

2 s R BRI S R T - , , o
Professor, Department of Environmental & Hazards-Resistant Design, Huafan University.
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distribution, and to get the rainfall intensity for specified return period. However,
Huafan weather station completes rainfall data just only 10 years. So we use rainfall
data of Shihding and Huoshaoliao rainfall stations from 1987 to 2002, to estimate
the rainfall data of Huafan weather station. In this study we combine the rainfall data of
2003-2012 and 1987-2002 to perform frequency analysis. The results show that Pearson
type III distribution is suitable to describe the probability distribution of specified
duration.

[ Key words]) Frequency analysis, Extreme value type I distribution, Pearson type III

distribution
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Fig.1 location of Huafan University and weather stations
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Fig 3. comparison of Weibull method and cumulative distribution function for 1 hour

maximum rainfall intensity at Huafan weather station
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Fig 4. comparison of Weibull method and cumulative distribution function for 12 hour

maximum rainfall intensity at Huafan weather station
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Fig 5. comparison of Weibull method and cumulative distribution function for 24 hour

Cumulative Probability

maximum rainfall intensity at Huafan weather station

R2 KBRS SE kU SREHEER
Table 2 SE index and U index of probability distribution

SE index U index
Distribution 1 hr 12 hr 24 hr 1 hr 12 hr 24 hr
Normal 1.71 0.69 0.51 0.013  0.017 0.017
Log-Normal 1.99 0.76 0.78 0.015  0.018  0.026
Extreme Value Type I 236 0.94 0.75 0.018 0.023  0.026
Pearson Type 111 2.18 0.68 0.57 0.016 0.016 0.019
Log Pearson Type III 2.74 1.05 1.21 0.021  0.026  0.042

(1) 1987~2012 4 &5 HER 2OR 2 SERS T

b VR R T R R K BT R 1987 SEAR T e - BRI
K5 7 2000 4 12 IUEHIEOR A » BUIE H BLAHE - 08 - R - FUE -
U1 R PR IR - GREE S R 3.4 A5 B OB IR SR A
5.8 N« ABFFELUGREFOKFERR Bk 1987~2012 47  HEBELERY 1~ 12
24 1N B KRS E0RY - DREEREELA 2003-2012 422 206} » HOeh U
1987~2002 47 B KFISRIE 20k » FIL B FJ7 A (2R AR 1987-2002 22 47
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Table 3 SE index and U index for 1987~2012

SE index U index
Distribution 1 hr 12 hr 24 hr 1 hr 12 hr 24 hr
Normal 2.62 1.16 0.84 0.020  0.029  0.029
Log-Normal 2.44 1.38 0.84 0.019  0.034  0.029
Extreme Value Type I~ 2.88 1.30 0.79 0.022  0.033  0.027
Pearson Type 111 2.48 1.06 0.67 0.019 0.026 0.023
Log Pearson Type III 2.90 1.67 1.26 0.022  0.041  0.043

AT PR 2003~2012 FEEAIE L 1987~2012 4F-& &7y HE (5 (B R fd
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FHEAEE R AR - e o] REHESERT S BRI » R 1/NREYER T
HABKZAERERE - £ RERRET 1 K SHEG{EZ BB AR ZEN

SRIE o PR EZ B HESE =R An P Z Biam R - 26 FERFTSEST S - HIEREMIR
K -

7+ [ 8 5153 B BRTALBSAE AER 12 /NI, 04 / NISFITIE 2 G55 » 1EIBRITE
EAERHRIET » TS AR Y 5 5+ {EAERF 24 /Y 1987~2012 (R348
Y 3 R B S 2 5
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Fig 6. comparison of Weibull method and Pearson type III distribution of 1 hour
maximum rainfall intensity of two sets.
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Fig 7. comparison of Weibull method and Pearson type III distribution for 12 hour

maximum rainfall intensity of two data sets.
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Fig 8. comparison of Weibull method and Pearson type III distribution for 24 hour

maximum rainfall intensity of two data sets.
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Table 4 rainfall intensity of specified return period and duration

2003~2012 1987~2012
Return Period 1 hr 12 hr 24 hr 1 hr 12hr 24 hr
200 108.6 41.8 30.0 118.4 424 32.6
100 102.9 39.5 28.2 112.2 39.8 30.3
50 97.1 37.1 26.3 105.7 37.0 279
25 90.9 344 24.2 98.6 34.0 254
20 88.9 335 23.5 96.2 33.0 24.5
10 82.2 30.3 21.1 88.1 29.5 21.6
5 74.8 26.5 18.3 78.8 25.5 18.3
62.8 19.4 13.5 62.3 18.2 12.6
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SPATIAL DISTRIBUTION CHARACTERISTICS OF
THROUGHFALL IN A BETEL PALM PLANTATION

Hui-sheng Lu'  Chich-lung Lin’

[ Abstract) Spatial distribution and variation of throughfall affected runoff processes

and paths. Meantime, measuring and calculating errors of throughfall and estimating

' pem s bk e KE BT B E - EEYS
Senior Scientist & Head, Division of Watershed Management, Taiwan Forestry Research Institute, Council of
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bias of surface runoff were also caused by spatial variation of throughfall. Throughfall
plots in a betel palm plantation and open area were established in Lienhuachi research
station, Nantou, Taiwan. Each plot contained 81 simple throughfall gages to measure the
spatial distribution of throughfall. The average coefficients of variation of throughfall in
the betel palm plantation and open area were 0.65, and 0.017, respectively, for gages
with an orifice diameter of 20 cm. Spatial distributions of throughfall were rather
uneven at betel palm plantation. There were no clear relationships between the spatial
distribution of throughfall and canopy density of trees for the betel palm plantation. The
spatial distribution of rainfall of the open area was rather even. Standard errors of
throughfall in the betel palm plantation showed proportional effects with their means.
When permitting maximum error percentages of measured throughfall at betel palm
plantation were 30%, 20% and 10 %, throughfall gages of 9, 33 and 41 would be
satisfied, respectively. Decreasing number of gages for measured throughfall at betel
palm plantation could not detect spatial variation in detail. Due to even spatial
distribution of rainfall of open area, measured rainfall at open area needs only one gage.
Based on calculation of throughfall gages with orifice in diameter 20 cm, throughfall
amounts in betel palm plantation for rainfall less than 100 mm were 51.8%. The means
of spatial distribution of throughfall in the betel palm plantation could be estimated

from rainfall in the open area using regression equations.

[ Key words] Throughfall, Spatial distribution, Betel palm plantation
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Table 1. Coefficients (range) of variation in throughfall for betel palm plantation

HKPR I B R e BRGE (HIE)
PRIE (mm) FER ZE R
20 cm <100mm 0,65 (048-0.84) 0017 (0003-0.043)
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Fig. 1. Spatial distribution of throughfall in betel palm plantation and 49.7 mm of its

mean with orifice of gages in diameter 20 cm (1997, 6, 5).
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Fig. 2. Spatial distribution of canopy density in betel palm plantation.
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Fig. 3. Spatial distribution of rainfall in open area and 97.5 mm of its mean with

orifice of gages in diameter 20 cm (1997, 6, 5).
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Fig. 5. Error of mean of measured throughfall from different number of

gages (20 cm in diameter) for 12 events at betel palm plantation.
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Fig. 7. Maximum error of mean of measured throughfall in betel palm

plantation under different number of gages for 12 events.
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Fig. 8. Maximum error of mean of measured rainfall in open area
under different number of gages for 12 events.
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Fig. 9. Spatial distribution of throughfall for different number( (a)81, (b)41, (¢)33, (d)9)
of gages in betel palm plantation and 49.7 mm of its mean with orifice of gages

in diameter 20 cm (1997, 6, 5,).
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Table 2. Throughfall of a betel palm plantation

& PRl ZETEPRII(E
mm {522 i 1%
TR 15.47 51.8%
ZEE 29.88
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= 3. TEMRE SR % P L Az W bt 2 PR T Y A B (A =
Table 3. Regression equations for throughfall means of a betel palm plantation

on the open area

A& [ Al r n
(mm) (mm)
FEMR R 33975 3. Popgi = 0.51Ppg; +0.27 099 12

Pppsi = 0.51Pga1 + 0.26 099 12
4. Pbp41 = 0.51P0a41 +0.32 0.99 12

Popat = 0.50Pgy; +0.30 0.99 12
5. Plyss = 0.46Pgz3 - 037 0.99 12

Popas = 0.45Py; - 0.35 0.99 12

6. Popo = 0.49P0 + 1.19 097 12

Popo = 0.49P,,; + 1.16 097 12

2 33975 7. Poast =0.995Ps -0.066 0995 12
8. Pogu1 = 0.997Pq; - 0.08 0997 12

9. Pz = 0.997Poqy - 0.1 0.999 12

10. Poao = 0.995P,; - 0.041 0.999 12

F(3)-(10) - HY Popsi ~ Popar ~ Popss ~ Popo » 73 B HEREE 81 ~ 41 ~ 33 ~ 9 (HE(H
TEIRPRZZ R M E (mm) 5 Poagt ~ Poass ~ Poas ~ Poar » ~ 7771 Ry ZZHE M 81 ~ 33 ~ 5
1 (I & A PR 22 R 43 9B (mm) © o FEREASETEE 0.97 DLE » B RIUREEEE
= HIAVERDE TS PR ZE M - a1l - 3R] He 220 A (5] 36 2 1 B 00 3 PR 22 P 41
PEE R B — B R SRR - ERIE RS - ATz (3) DAZZiEs
PR EHEAL 5 B RRERAEREY 10%I05 - 7 41 EEFA 0] - [Halhz (4) DIZEE
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FEF Markov il Logit #2434 B G R B bk 22 28
B
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HFEE SRR HOKE T R

[ ] BEE ORI - GBI HH I AREN BT AR S - THENE
lEnds > B Ry TR E B B AR o £ TR AR AU SR Iy B 2
T BB RS B CSCREIt ES B R - SEVEEERIZE 6] - At
Fe k1 SRR PLEE Rt R BRI - DU L hofl F B S B 5 JElpA
W8 > RIS AT R B logit B3 - HETTHIFTEEA 1978 FE42 2004 43
FIFH Z B 22288 iy - AR AP A B BERY B2 IR » 5 RBUR - AR
BHFEE N EARE T &7 1978 £ 13% NEEF] 2108 £ 8% - I 69%[# 2
5% » TEEHLAIGE 6%IE I 52% - AT AN Z AR EE X - 7
Ah o FRIE logit BT MG ~ BEREMN - JKEE ~ JERS ~ VD R 22/ S EEEE R
6 RSB EMF R A ARSI ET] - EHE A RE logit HALSEIE
F > ATTRMIR ARG bR Z ZERE 73 A > LRI AT RER D EVATEL & -

[BASEEE] LHAIA ~ BHEAR ~ AR - Logit 2

APPLICATION OF MARKOV AND LOGIT MODELS FOR
ANALYZING SPATIAL-TEMPORAL CHANGES OF
WINDBREAKS IN THE TAO-YUAN COASTAL AREA

May-Chee Lian'Chih-Da Wu*Yung-Chung Chuang’Shyue-Cherng Liaw"

[ Abstract] The land use patterns are constantly changing in Taiwan due to the rapid
economic growth. Mostly, the coastal areas are often developed for industrial parks and

other utilities. When industrial parks continually replace lots of agricultural lands, the
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local natural environments and human landscapes are also changed dramatically, for
example in the Tao-Yuan coastal area. The purpose of this research is to understand the
land use changes in Tao-Yuan coastal area, and to study the effects of land use changes
on the windbreaks. The Markov model and logit model are applied to analyze the
spatial-temporal changes of land use patterns in the study area during the period from
1978 to 2004. Moreover, we try to predict the windbreaks development situation in the
future. Results show that the proportions of windbreak will decrease from 13% in 1978
down to 8% in 2108; while the agricultural proportions also decrease from 68% down to
5%, but the built-up proportions increase from 6% up to 52%. It is obviously that the
land use patterns in study area are strongly affected by the built-up development. In
addition, based on the logit model analysis, these 6 explanatory variables have
significant effects on the windbreak development, including elevation, and distance to
farm, water, road, sand dune, and bare/ grass lands. Based on our research, it is very
suitable for combining Markov and logit models to predict the spatial distribution of
windbreaks, and to realize the location of decreasing windbreak in the future.

[ Key words] Land Use, Windbreak, Markov Model, Logit Model
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% 1 BgtlE 1978 £k 2004 - L HOF P fRdeat BRI © ha

FE PR =i pectul KA R i ZE/EHY
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SETHRAEEM YR AR 28

EORERE EiRrE ' S

Cotr

[RZE] 7€ 2009 4F 3 A2 2012 48 2 A& & T El s R i B R B SRR bk
AEBRHRLL (2,098 m) ~ FHFEAAES (1,066 m) RIEHE (782 m) HEFTAEEY) R A%
#IE > BT - AR S IR 5.81E 0.77 Mg ha! yr' » BEZEMS
B 9.56 3.85 Mg ha yr! v R 9.78T 1.19 Mg ha™ yr! » 2009 K 2011 £E 3 5%t
B AE R A A B e B A T B o AL BRAR L R 3t AT 4 B B B
EURHRAIME <2009 4F 28 2011 AERFTEIEERHRLL (10.46.L 4.60 Mg ha'') fiifs % B 37
AN TR (12.81F 7.14 Mg ha') JgEih (13.34F 7.22 Mgha'') Hi/b
MEEE - AR O MERS B A ILHIEWL 05571 0067 - HEEMS
0.764% 0.322 » FEHE 0.735T 0.032 » RIFIGEZ DR BT 8 5 2 ME Y BB
EEEEFIFEYE SRR BN R > SRS R R
S AR S R B -

(RREEE] M%9 W5 ~ DR R - B - BOIER

NUTRIENT CYCLING DYNAMICS OF LITTERFALL
AT NATURAL HARDWOODS IN CENTRAL TAIWAN

Shu-Wei Lu'  Siao-Cian Huang' Chiung-Pin Liu®

[ Abstract] We investigated dynamic of litterfall and litter layer’s from March 2009 to
February 2012 in 3different elevation natural hardwoods (Mt Peitungyen: 2,098 m,
Hui-Sun experimental forest (HSEF):1,066 m, Lienhauchi: 782m) of central Taiwan.
The average litterfall masses at Mt Peitungyen, HSEF and Lienhauchi were 5.81% 0.77,
9.56T 3.85 and 9.78 T 1.19 Mg ha-1 yr-1, respectively. Litterfall amount was decreased

with increasing elevation at the first and third year. Litter layer standing crop at

' BN A AR AR
Master, Department of Forestry, National Chung Hsing University.

PRI BB S o EREE o AT 402 BDGES 250 8% o S T-EHF: cpliu@nchu.edu.tw ©
Professor, Department of Forestry, National Chung Hsin University. No. 250 Kuo Kuang Rd., Taichung 402, Taiwan.
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Peitungyen (10.46T 4.60 Mg ha-1) was less than at HSEF (12.81% 7.14 Mg ha-1) and
Lienhauchi (13.34% 7.22 Mg ha-1) during the 3 years. Decomposition constant were
0.557% 0.067, 0.764=% 0.322 and 0.735% 0.032 at Mt Peitungyen, HSEF and
Lienhauchi, respectively which were influenced by litterfall and litter layer standing
crop masses. In the future, litterfall was accumulated continuously in the floor that

would influence the decomposition constant.

[ Key words] litterfall, litter layer, decomposition constant, elevation,

nutrient cycling
NI
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(Vitousek and Matson, 1985) ; F5a &8 il o g E FIRF & 70 i A 22 888 THEFAR 2 Y
IR P IR A RE 2 i L AV EE B (Vitousek and Matson, 1984) - 575 F%
bR AREL -~ felfE - MR BN T ERS  BEREREFEREARM - F4
VIR IR NNy B PG B PR B R - MRt PR TR - BRI
EEAEYIE - iRV - H MR R R T o AL EE S HEE P EA FIBHR
PAFESEMREIRE S VI TRR & > EERAEA R IURIT T > KRR MRS 0 2R E
ML~ R YIE SN E - MRV B AR YE s e BE AR A
AR BEA R IR IR SE MR B S B ER AR -

82



2013 AR /K@ AL E g 81-98

I~ AR TTA
(1) SRERHIEEN

JLRIR IR ZAFA SEAR B S R LR B2 = 2 st B R B - RS
i % 55 /K B TR AR A = Bh > (LA BRAR 121°07°427 > JB4% 24°04°247 > JEHIS S
&R 2,098 m - REERHE TSRt N ZREe Z R EETE R sl R e
Bt 1 FoR o FUBH LML E Sk A TEMEE & - (BEMRIEIR T Ry R R AR TR
(Castanopsis cuspidate var. carlesii) ~ =¥ RE T (Litsea acuminata) ~ 5& il i
(Machilus thunbergii) ~ $ER-¥: (Cyclobalanopsis longinux) ~ =R (Machilus
japonica) ~ 7] (Cyclobalanopsis morii) ~ /K{af (Schima superba) ~ = & f1 FE
(Rhododendron formosanum) ~ . (Elaeocarpus japonicus) I KK (Eurya
loquaiana) (Bitfr5&< > 2009) -

FIRMG R IATE ML B 2 A > oh R S2EAE G 2 55 =M
HE > R 121°02°57 > JG&E 24°04°31 > IS EAY Fy 1,066 m o st Bafif A&k
TNA0ER 1 Fs © FUE Y N EL S SRR & PREAH L L (BRI B
56 M M - K EERE  (Machilus japonica var. kusanoi) ~ & I (Engelhardia
roxburghiana) ~ $f M ~ RFERTERE - JEEELE (Schefflera octophylla) ~ BERE T -
BRREER BT (Ardisia sieboldii) FZILIFEAR (Helicia formosana) (B[ #5555 > 2009)

S R INFA BEMR & AL POV BB P EEM 7y P TSR Ba e K@ » 31
& 120°53°34” » AL4% 23°55°517 » (RIS RESY Fy 782 m - slBatiI Rz BRI AR 1
Firm o FUREHS N BRIt — B4 & SRPA MBS 2 - (BERIERIR P R ESE ~ 54
HAARE ~ KRR ~ AT ~ RRREARTERE - IR - SEEREE T (Litsea acutivena) ~ K5
KRET- -~ JLEIR (Psychotria rubra) FREERE (Cyclobalanopsis stenophylloides) (B3
2 > 2009) -

(D HSEVIEE

e A H 2009 4 3 HRIBUEEE 2012 42 5 H - DIEFLA 1 mm JEFELE
R EAE Ry 52 em Z [BFERIGELS » 54T 50 cm » DL 3 fREAY 120 em AY4HEEREAEZR
FEEREMLENE » (EEBERNEY S0 om - ¥ 00 K it =2 U o Al 40 A
& - el o [EUCEES - 3 SUipdt 27 (EU R4 - B HRUEEARS S E
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= > DURE 65°CHE 7 K - W&oy Ry B ~ Rufik ~ B9EAG (BUFETE - REET) K
HAL (BfEEE ~ FEMY) » SEEAA TR0 E) 5 4 AR VIR
H#EITFPE ~ ) (G 2 mm FLIE) K&t -

% 1. SE T E A UG SCR AP M SR I SR (5 &kt

gttt EE &I S F TR FHRE
(m) ) ©) (mm)

JEHHRLL  24°04°24”N 121°07°42”E 2,098 2009 12.3 2802.5
2010 11.9 2100.5

2011 12.9 2438.5

HIEMIS  24°04°31°N 121°02°05”E 1,066 2009 19.4 3041.1
2010 19.9 2357.0

2011 19.9 1570.0

M 23°55°51°N 120°53°34”E 782 2009 20.3 21325
2010 19.8 1581.5

2011 20.3 1981.0

H 2009 4= 3 H 2 2012 4 3 A & 3 (# HBEE— XA RS e
B HUBIUEE 6 (E I 25 om x 25 em HERAEY) - WWEEZ MEYIELL 65 C 2R
fEASE - EHEITIPEE ~ IR EaEE 2 mm FLA8 2 ERGE > I HAETTE 0T
() FESEYIE ST 31T

a. i S s HIE

Y (B 2 mm FLER) & ZRSEY) RALTEYIIE - FRELEY 4.8-5.2 mg g2
A ZJ 4 x 4 x 11 mm BIHHHE (tin boat) N - FEBEIARLUTEIE
(CHNOS Elemental analyzer, vario EL, Germany) 3t H &&= -
b. B~ #1 -~ §5 R ME

FEH&Y 0.1 g HARRERGEEA - B 100 ml FLEREEH > FEEIIA 1 ml HaSO4
(96%) ~ 5 ml HNO; (65%) 2 1 ml HCIO4 (60%) sg1€IIFE 375 CHEITAMIMKIL
&) 2 /N EIEREE - FLURSUEIEEEM S0 ml o B Z IR LLEERE & B 4T -
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[ 1 2% 5 & 5 5  (Inductively Coupled Plasma-atomic emission Sepectrometry,
ICP-AES, Leeman Labs. U. S. A) JHIE -

I ~ &SR AR
() fEEEA L

[ 1 Fy 58 Bl B R EPAHACR AR EEMR > 2010 4F 3 H %2 2012 4F 5 HAk
&) A 8k SERHARTILERAR L 2009 4E 8 A (1.66+0.53 Mg ha™ month™) F%2010
9 A (1.65£1.08 Mg ha”' month™) &Y B NEAMA () > EFHRMISAILL
2010 4£ 9 H (6.57+2.19 Mg ha month™) %Y EE% > HIHLL 2009 4 8 H
(2.27+0.94 Mg ha" month™) F53& %) BB A A (75 - BEHRESEY) T TR E
MRV BN ZE - (HiER E A& BN % Y & 883 S R HA H (5 > P RE B Rt
JEPIRHRR - JLERARLL 2009 = 8 H k¢ 2010 4 9 HALFRAGEY)I A K 0.65+0.34 ~
0.72+0.34 Mg ha' month™ » BEZEMkEE 2010 4F 9 FFG & =4E 2.66+£1.00 Mg ha™
month™ > FEHEH 2009 4F 8 HHIE 1.23+0.65 Mg ha™ month™ - ZH1ELRET 4537 DL
- BERRKEMTEYIE T SRS -

RIEGH Z fl & VI FT N fE % TR B N AT 22 - BORZAREEATHYEZ R
W > ERURERZBEZE ARG - /K7 i 2 T AR iRy EEIRGIA T GE
2009) - [FE—ERAE FHRERE - fTEYEiE 2 e - 22 FRE LT TR
EREY SRS ER RIS 0 1997) o A& YIS AR T DU BE AL
B > HEREIMERYEE) 2N B2 M s ER R E R TR (RIS
2005) » FEEEHMMTEYIHT S - B RBOREIN 2 TE - TEAERS » M
FAEYIRVEASFHAZERH - DLENA RERIE 34 (FREEEE » 2000 5 LIRS » 2003 ;
EGLI5 S » 2003) o ARbifleYI 2 REREML » BUREE Y REREML—2 AFEEM T
TSR > VIR SRR Y B 2 Sl - 3 M BREENSIEARTT - A - 4L - &7
LLFERR ~ WRHIR ~ ERkE ~ 4L R BREARE T B M EAEIE - LB ERE
TTHREE > DI 3 BB N ETREAREEEETEY) - WI7EHHRT 2000 42 8 H2 5]
R e S U R2 8 - A RICEE B RS R TR Y A5 R - (EILSRAR LU S FE A
&R 4y I B AR RS AE R 24.3% K 23.9% » 1T [E] 4 Hh e R FLEBEL - #5ER 2010
9 HILRIR L REEMEHTE Y E 53 S A EY4EE (26.07 K 53.77%) -
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(D FEFEDHETE IR

ALHIRLLARFE YR 3 SRR D (6.58~6.19 587 Mgha yr')(5£ 2) » %E
ERETEYI A 3.64-4.01 Mg ha! yr' KRR ETEAE IV B D 2 G - A
B 2010 FERSEYIERS (13.90 Mg ha! yr'') » HAPRBEEIETEY) (8.46 Mg ha'
yr') ~ il (3.64 Mg ha yr') FeAf (0.86 Mg ha yr!) sy SHEN Rt % o
CIEREHILL 2011 4E 2% (0.97 Mg ha yr') > THEEEIAS £ 2011 4R35/ 2 3.30
Mg ha' yr'  EEFEEE R H A AR AR S AT S ELER AN (14.8 ~ 11.5%) » BEHEMALTE
YIRS 8.93-11.18 Mg ha yr' » BEEBFEEHI /MY 5.87-6.58 Mg ha yr'» R/
1.63-2.49 Mg ha™ yr' » B RS K HANAH R /A G i1 #44(L (0.53 0.83~ 1.23
Mg ha™ yr'! 5 0.48 ~ 0.60 ~ 0.89 Mg ha™! yr'') » TS LW AT (G ELBIEIRAE T Ry 8
1k > TTETERS B AR R S A B AR ES - 2% DY TSI K ARA 55
PR BHE » 1995-1996 £S48 5 3.63 tha » BEESREZEYIRE S 92.5% (GRIEM -
1997) ; 1998-1999 FEfl£) & £y 7.10 t ha'' » TEEGFETEY) « Rl - BVERS R H A%
5 55.4% ~ 24.3 ~ 14.5 F 5.8% (FR{EEEE » 2000) - BLAHTZE 2011 FEFSLEEAE DL
2001 £ K7 2002 ALY By 5.51 K2 5.47 tha' BEIRG Y25 5 60.4 K2 65.5 % (&
B4 > 2003) » £l 2009 FELEFFHL -

2009 4EJ 2011 4F 3 B IG54) ES EER R Mg i » 177 2010 AEELFEM
BN Z RO T8 - MRS 13.90 Mg ha' yr'» (EHAEGERE G EFH TR
gL o 3 SERHIEEERAR F S R 2009 FEREEHT AR - 2010 FEE7EM
ISHEEYTR AR > 2 2011 FEIF RT3 ZE 3.30 Mg ha yr! > {3 2010 ~ 2011
FE B SR GRICEITIE © 117 2009 ~ 2010 48 3 SBRIIATRE S EELE Y - NEEREE
YIRS L FIRIE B R 5T - FRAHR 2009 ~ 2011 4 ESHEE K
RGN > 2010 FEHEFARRIS R IBAHR G ITZE 3.64 Mg ha! yr' » 11 2011 [ B
2009 FEAHAT = 2009 4F 3 SRERHHHIRL (RARAY » ARSI RFT SELOIHIA B T
PTG AN B 52 - BEBEAHARI 2009 FEREFIR NI/ - (H 2011 FERIEEH
TIN5 77 2009 4F 3 SR EIRANAHRL - RS YIRIT SIS
PR R D 2 5T+ EUE AR 7 2011 4EREE R R -
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2. BB E EEROtE R NG MR [E A B R E
wotlEsk  tEES sy &
(2009.3-2010.2) (2010.3-2011.2) (2011.3-2012.2)
Mgha'yr') % Mgha'yry % Mgha'yry %
JEERHR L
TEER 4.0140.63  60.8 3.64+0.37  58.7 3754021  63.9
e f% 1.19+0.88  18.2 1.12+0.22 18.0 0.80+0.07  13.6
TUERE 1.0320.55 157 0.90+0.06 14.6 0.84+0.06  14.4
HoAthr 0.34+0.01 53 0.51+0.06 8.7 0.48+0.03 8.2
HE 6.58+1.50 100 6.19+0.60 100 5.87+0.30 100
HEME
TEER 537+1.00  65.2 8.46+0.95 60.9 330+0.12 504
e f% 1.54+0.63  18.8 3.64+0.75 26.2 1.5240.08  23.3
TTERE 0794046 9.6 0.94+0.06 6.8 0.97+0.09  14.8
HoAthr 0.53+029 6.4 0.86+0.06 6.2 0.75£0.04  11.5
WE 8.24+1.13 100 13.90+1.75 100 6.55+0.25 100
A
TEER 6.0742.04  66.4 5.87+40.27  65.7 6.58+0.27  58.8
2 f% 2.06+£1.11 225 1.63+0.07 18.3 2.49+0.11 223
TTERE 0534034 5.8 0.83+0.07 9.3 1.2340.06  11.0
HoAthr 0.484026 5.2 0.60+0.02 6.7 0.89+0.03 7.9
WE 9.18+3.44 100 8.93+0.31 100 11.18+0.36 100

ST £ EDE(RE (0-9)

(IIN) FESEYIEREE RN T Z AR R

s VIR R BLR RN T Z AR ATes R (3R 3) JLSRHR LIRS Y48 2 Bp
= MomEEEANERE ZHEIME (1=0.57 » p<0.001 5 r=0.62 > p<0.001) » FEFZEM L
SRR IURE RSN (=032 > p<0.01)  HFESE YIS R BN B AR
BEAHRAME (r=0.54 > p<0.001) » BLG & EE = HYBEAHRE (=0.42 > p<0.01) - 3
HOpE sy i AE R LU BRg 2 fHEA T (r=0.68 > p<0.001) - Edpig & HAHRHE
(r=0.34 > p<0.05) » FEHE B AL A REEARE o AU FREC T HYILRAR L R e
i BLpK B A MBS AR (r=0.7281 K 1=0.6824 > p<0.001) » A (iR o3
BLURIE EAHRBEE (7=0.36 > p<0.05) - BIHAGATHY 3 oBpit  BL0R & B AR 1%
(r=0.38 ~ r=0.3667 ¢ r=0.37 > p<0.05) - 3 HE A BIHAG R o7 0 B R B B A R
(r=0.33 > p<0.05) o HAthpl 53 L ILERAR L1 R EF k85 B B0 5 B M B AH BE 1
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(r=0.70 Jz r=0.67 > p<0.001) - [fij 2 5= M B PR & S0 & B = tHEA 1 (=041 ¢
=0.47 » p<0.01) -

% 3. BT Rt R AR TR (JERHRLL ~ FAAMIGRIEEE) 7Y 2009 4 3
HZ 2012 5 5 A A& E AR R AT AERE M i

R B0 TIHAS HE HaE
JLERARLL
FRE (mm) 0.3448* 0.7281%*%** 0.3138 0.3915* 0.5679%%**
M (C)  0.6837%** 0.2839 0.3812* 0.7044%***  (0.6184***
Hiaths
FRE (mm) -0.0059 -0.0813 0.1394 0.1394 -0.0173
s (C) 0.2868 0.2352 0.3667* 0.6685%*** 0.3162*
HEHEM
FRE (mm) 0.1955 0.6824*7** 0.3254* 0.4120%** 0.5346%*%**
s (C) 0.2401 0.3625* 0.3700* 0.4688** 0.4160**

aF U RFRIREE 0.05 BHE KA ¥+ FRIREE 0.01 BHE/KAE #3272 0.001 B /KAEE (f
F Pearson B 5 7E)

aV) MEIRFEEERIWMAR

JEHRHRLL ~ MR EEA R ARG TEAR 2009 47 ~ 2010 4 ~ 2011 EA57%Y)
FHRZFEIEERE (R 4R 5 FR6) 3 Sl EIRE I A RS > &
T A RstiR>E >85> #> 5t o A FEEtbaitg i A DUEEE > RG> IR
L1 BEVREAOE AN A - 3 BABadt A EIEL A g i A 8 B DA iR % » H B Refrk -

2009 ~ 2011 £EBEE S 57 & B MBI S TR 2 3G RS hE i
(4.59 ~ 472 Mgha y") » HREEFEMSE (4.06 - 3.04 Mgha' y") > (&R ILHIR
tr (331259 Mgha' y'") - ifi 2010 fEbRE S I AR LIEEMS (5.71 Mgha' y?)
e HUREgE (458 Mgha' y™") > fi/b B JEBRER L (3.06 Mgha™ y™') < [5 2009
% 2011 FEILHIRIAGEY BB AR - s e - 8 - S REmARSH
TR B - {5 2010 48 9 F BN R S 2 B EA B A -
BEERED R BN E MRS - SESEFREDL 2010 EEEMSR
B IS RES T R ZRESE - BENE > STUNESFRARSEAEE
TR DR & -
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# 4. ﬁ/%gqjﬁﬁﬁ&ﬂtln:ﬁiﬁ ]
FEsOEFE (kgh alyr)

=

et

* TR

B —

PN
[

ER R AP ML R VB 8RBt

E%M (IEHRHR L~ IR ABEFEA) 2009 FAT5EY) & S 4R T

C K Ca Mg
2009 kgha' % kgha! % kgha! % kg ha™! % kg ha' % kgha! %
JEERHR L
I 20385  61.6 582 593 19 483 15.0 63.6 21.8 59.4 72 615
g 5793 175 140 142 0.5 12.5 2.0 8.4 9.6 26.2 2.0 17.0
IS 5187 157 17.6 179 1.1 27.4 5.2 22.1 3.1 8.6 1.8 15.7
HE 1718 5.2 8.5 8.6 0.5 11.8 1.4 5.9 2.1 5.7 0.7 5.8
g,g 3308.3 100 98.3 100 4.0 100 23.6 100 36.6 100 11.7 100
HIAE
BEEL 26708  65.8 73.8  64.6 20 484 16.8 64.1 27.2 65.8 8.6  66.6
& 7408 182 161 141 0.5 11.2 2.5 9.6 8.8 21.2 23 12.7
RS 3861 95 122 106 09 217 49 18.6 24 5.8 12 9.1
HE 2614 64 125 109 0.8 18.6 2.0 7.7 3.0 7.2 0.9 6.6
485 4059.1 100 1146 100 4.1 100 26.2 100 413 100 13.0 100
A
BEEL 30964 67.5 1029 659 3.0 679 28.4 71.8 27.2 63.3 94 672
g 9931 217 31.8 204 0.4 9.0 53 13.5 11.7 27.2 3.0 215
S 2640 5.8 106 6.8 0.5 12.1 3.7 9.3 1.6 3.8 0.8 5.8
HE 2315 50 10.8 6.9 0.5 11.0 2.1 5.4 25 5.7 0.8 5.5
é,'g B 45850 100 156.1 100 4.4 100 39.5 100 43.0 100 140 100
= 5. QBT EIOE RN (JLRIRU ~ EEAERIEEE) 2010 A5 EVTR SRR 2
E%ﬁ [OliFE (kgha yr N
K Ca Mg
2010 kg ha % kgha! % kgha! % kg ha™! % kg ha! % kgha' %
JEERHRR L
TEET 1838.6  60.1 542 563 23 55.7 6.7 64.6 18.3 53.2 6.3 59.9
g 5754 18.8 174 18.1 0.5 10.9 0.9 8.6 10.2 29.8 23 22.0
PUHE 4312 141 145 151 0.8 19.9 2.1 20.5 28 8.3 1.2 11.4
HE 2126 70 10.1 105 0.6 13.5 0.7 6.3 3.0 8.7 0.7 6.7
SAE 30577 100 963 100 42 100 10.4 100 343 100 105 100
HIEEE
TEET 32006 56.0 1135 579 5.4 59.8 11.6 57.3 34.1 52.5 9.6 53.1
& 1665.6  29.1 442 226 0.9 10.3 4.0 19.4 23.4 35.9 5.8 322
PUHRE 4353 7.6 179 9.1 1.1 12.3 3.4 16.8 29 45 1.4 7.7
HE 4134 72 203 104 1.6 17.6 13 6.5 4.7 7.1 1.3 7.0
Z,b B 57150 100 1959 100 9.1 100 20.4 100 65.1 100 18.0 100
M
B 29663 64.8 1062  60.8 34 536 15.4 48.9 314 62.0 8.8  62.0
e 7742 169 290  16.6 0.9 13.4 3.8 12.1 11.9 23.6 2.7 18.8
ZIHEE 5671 124 26.1 149 14 213 9.7 30.9 2.8 7.5 1.9 13.4
HE 2091 59 134 7.7 0.7 11.7 2.5 8.1 3.5 6.9 0.8 5.8
HE 45767 100 1747 100 6.4 100 314 100 50.6 100 143 100
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6. UETPEERMERIATATEM (JLARHRIL  EIRMGTIEEEEN) 2011 FEAE7EY) 8 SRR 2
FEsrOfFE (kgha yr)

C N P K Ca Mg
2011 kgha! % kgha! % kgha'! % kg ha! % kg ha! % kgha! %
JEERHR L
o 15277 59.1 46.1 550 19 485 9.9 62.4 19.6 61.2 52 569
g 3065  11.9 9.2 10.9 0.4 9.4 1.3 8.1 5.9 18.5 1.3 13.7
ZUHEE 5012 194 176 21.0 1.0 259 3.3 20.7 3.6 11.4 1.9 206
HE 2503 97 1.0 13.1 0.6 16.2 1.4 8.8 2.9 8.9 0.8 3.8
YAE 25857 100 839 100 4.0 100 15.9 100 32.0 100 9.1 100
HEEME
L 15344 50.5 564  49.6 1.7 411 8.9 54.6 20.8 52.7 43 4538
& 7352 242 232 204 0.8 20.6 2.7 16.6 12.1 30.6 26 277
S 4349 143 174 153 08  20.1 3.2 19.5 2.8 7.0 1.4 14.4
HE 3339 110 16.8  14.8 0.8 183 1.5 9.4 3.8 9.6 1.1 12.1
4HE 30384 100 113.8 100 4.1 100 16.3 100 39.4 100 9.4 100
M
BEHT 24131 511 926 502 29 466 16.2 46.9 26.2 43.6 77 50.8
%6 10140 215 339 184 1.0 15.9 5.1 14.8 18.8 31.2 3.0 19.5
ZIEHEE 5092 10.8 246 133 1.1 18.0 7.3 21.2 3.6 6.0 1.6 10.5
HE 7873 167 333 181 1.2 19.6 5.9 17.1 11.6 19.2 2.9 19.1
HE 47236 100 1845 100 6.2 100 34.5 100 60.2 100 152 100

(V) HEYIEEEE{b

& b R P E R ARREEE AR 2010 42 3 HZE 2012 4 3 AJLSEHRLL - B7Abk
5 RSB (8 2) SRR RIR SRR 7 2009 4
6 A (2.15£1.17 Mg ha™) » f{EFS 2010 459 [ (0.74+0.12 Mg ha™) + B7&BIEE
YIRGIS 2010 £ 9 F % 2011 48 6 F RystBRitirel sy i (1.49-2.19 Mg ha™) »
BUFRIRIER 2010 4 6 [ (0.5320.16 Mg ha') : S5 S EIR 7 RelRts R
1742009 4£ 3 H (1.58+0.08 Mg ha™) » FfEjA 2010 4£ 6 [ (0.75+0.25 Mg ha™) - 3
B RS PIE » A BARMRE 2009 45 12 % 2010 4F 6 FAAEEE S
BH{ES 11 2010 4 9 A7 2011 42 6 ARIRRE - (EHEHRBRERANLAREES
B o

PREEER (1997) @l iR PR E R S g A EhRESE b - &5 2R 1992
B 1993 FIRFEAEL - {2 1994 FATSH 1.6 5% - —fRiM S - EFMEYHIRE
WID > S BN RE 3 F > LIRGIKEIRA ZIERE & (Sampaio e al., 1993) -
Mo % AR 2010 4 9 AEHNAREMTEYREI - Atk Ez
B E 2011 4 6 ARRA RIERAZIEHE © EIRIR At RS YR 2 A
/AN 2010 F 9 AfbSE VIR B NS CE -
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(VD) FEYIER R ERY

s E R aE > 1Y 3 sl E s > HXRBE - &K
Rt (2 7) 5 B Wi RS B S LUERER (K > g8 ATE 3 sliaithis - 5k
5 AR [EI R IR E 22 5 REERAE 2009 FEA 2010 £ > JERARUI A
AMGEE S - (B4 2011 et (24.51) >HIRME (23.67) >
JEERARLL (21.88)

40000

30000

20000

Litter (kg ha'l)

10000

2. GIEPE M RIAFAEEM 2009 5 3 H & 2012 5 3 HILHARL ~ FHEAM
5 RCEFEMAETE Y (n=6) FEIEE(L > SR IRl - AEFEE (2, b) &
t Test’s (LSD) e &i RHBLE 2B EZER (p<0.05) -

=7 RG22 B BEEEREUR 0 2009 ~ 2010 FAGEYIE 2 ka2 ILRIRL
(49.09 ~ 42.9%) - EFEMRIS (46.98 ~ 42.72%) FIEHEH (40.25 ~ 28.79%) HhEEH
R & 2R 2 g Mgk e BB T 28 > ligiksy Bt -
Fot B > R ERINEE - (BB S S EE 3 FP D AERE RN
Bl FElS  E R ENERENZEAR - WS EAE 2009 ~ 2010 FEHRE R
FE TS R sk DR EEAL -
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7. BB R IR R AAFATEM AERIRLL - EFAMIGHESE M) 7 2009 42 2011 4FhG%
Vg Eres (%) BEFEE (kgha')
JESRAR L HEEg M
a8 (%) EHEE (kgha) a8 (%) EHEE (kgha') a8 (%) HEE (kgha')
2009
C 49.09* 6662.33" 46.98* 4924.74° 40257 4623.12°
N 1.627% 21673 ° 1.534% 158.97° 1.593% 189.32°
P 0.064* 8.62 * 0.050" 4.85° 0.047Y 6.11%
K 0.193Y 25.60 ° 0.158Y 18.37° 0.565* 75.15°
Ca 0.676* 91.23 ° 0.761* 85.28° 0.594* 71.22°
Mg 0.139* 18.23 * 0.116™ 12.08* 0.094Y 10.37°
C/N 30.90* 31.64" 25.59"
HFE 13.46+7.18 10.56 + 4.38 12.00 + 4.76 X
2010
C 42.93* 3813.57 42.72% 7685.87° 28.79* 2953.64°
N 1.59% 140.91° 1.70* 305.25° 1.28" 128.06°
P 0.06* 4.86° 0.05* 8.49° 0.03* 2.66°
K 0.19* 18.30° 0.17* 31.55° 0.48* 44.66°
Ca 0.79* 72.31° 0.61* 108.20° 0.36* 36.30°
Mg 0.11% 9.91° 0.12* 21.37° 0.06* 5.89°
C/N 26.94% 25.07% 22.42%
HFE 8.67+130% 14.07 + 6.04 % 8.80+1.72%
2011
C 27.977 3114.83 ° 4232%  5681.27° 39.53* 3935.86 ™
N 1.287 145.17° 1.79*  238.70° 1.61" 160.24 ™
P 0.06* 6.87° 0.07* 8.68° 0.05* 5.05°
K 0.78* 87.73° 0.217 33.37° 0.33Y 32.25°
Ca 0.397 43.12° 0.69* 88.50° 0.62% 61.24"
Mg 0.08* 9.34° 0.09* 11.40° 0.07* 7.58°
C/N 21.88 P 23.67"8 24514
7= 10.51 +0.94 % 14.00 +5.77 % 10.58 + 1.68 X
ik LAY 2 RS R [EIFE 3 HEL LSD test fEds R e B HBEE AR (p<0.05) -

2. BfFEEA s Mgha! o
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HEFAMIG 2010 ~ 2011 Mg REE YRR AR Bir 2009 2 BEEES -
MR 2010 4 9 H BeEF % R EAGEY) o (HILRIRILRGEEE 2010 F12011 4
BRAEL 2009 4 2 B AR - HEOHEAR S E0VELAR - AR ESEEEK
(27.97-42.9%) » HrpLL 2009 I8 2 ik & E# S (40.25-49.09%) - 7R RIEE
HRERARIIRGR - fTEYhoRE g 2 B f2 2 BRI L ROR TR
FEEEHIER 2 Z il O R (Kitayama and Aiba, 2002)  BETIR]R1[EERAN
(2007) BHZFEFE AR I ORI (49.4~49.6 K 50.1 %) ARG S T
= L ES o GREAEE (2005) A EEHIE N FEUSHER UG R EE R T & 777
7 SHAFITRE 7.6 - 22.4°C - FLEEGEUREELIN 11.0 - 22.4°C 2 BL S BER
TREME I £ 7.6 - 11.0°C 2 MBS AL TR BRI 16.6 -22.4 °C
Z ML E R A N R0 > (B4 7.6 - 16.6°CALGH —ERVKRL -

(VID) 7rfEHE

AEBRARLL 2009-2011 4EAEEPIEHFRAR 9.20-13.46 Mg ha' » S3fili
0.49-0.67 (% 8) ; FHFAMKES 2010 £EAEEH) & 13.90 Mg ha'yr' s il 5 sy - B2
FUFEASEYIEIETER (1270 Mg ha') #HIT  FTAST AR s 1.09 - 11 2011 4Rk
SEYIE A 6.55 Mg halyr > ARbRERAETE Y BB R A 22 15.07 Mg ha'! » 3R
TR 0.43 5 EEE 2010 4Rz 2011 77 SO B 2009 s -

% 8. B E O R IRFETEMA [F 00 i B (K) EEER

Pt fEEYIE EVIERGTE R R
(Mg ha™ yr) (Mg ha™) ® (F)
JESRHRLL
2009 6.58+1.50 13.46 0.49 2.04
2010 6.19+0.60 9.20 0.67 1.48
2011 5.87+0.30 10.41 0.56 1.77
M
2009 8.24+1.13 10.56 0.78 1.45
2010 13.90+1.75 12.70 1.09 0.91
2011 6.55+0.25 15.07 0.43 2.30
T
2009 9.17+3.44 12.00 0.76 1.15
2010 8.93+0.31 8.39 1.06 0.94
2011 11.18+0.36 10.88 1.03 0.97
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—RIME - BT HIEE AR Y o) R S R HEE (Pritchett and Fisher,
ww%%%ﬁ%%%%ﬂ%%ﬁ%ELmkt@mym%)ég%géhﬁgi
PAVESEM T AR EURy 0.72 (HURUS > 2003) > 1ELLHEE RIAFEHEEMR (1992 ~ 1993 K
1994 £5) SrgEH Ry 0.95 ~ 0.98 K 1.32 (MRETE: > 1997) » B/ EME N TAL:]
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REANGEHRERNEFZ TR K GREEEEREN TR -

V-~ &

58 TP B R T L& R ARFEEEM AL RER L~ MG SO EE AR Y B R
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R R eI 2 B E =R - MUEVIREM IR - (s
ERERR  RERrS B8RRI R B - ARSI E 80 A DU > T4
MEZ>ILERAR L > BEEHE i fe (K - 3 St A FEE i g i A B B LIRS
HARRhel% -

I - 2308

RIRE (2005) & KB BMRAHACR OREE PR FH AR AR o3 1l 5 P Btk ke HLg o3 2 B
It o B GERNERMIBIRE GRS S 0E 5w 5L

FITHE (2002) & rpRE AR R E S E R B 25T - B TP RS R
MERTFEATHE 15
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MELEE (2002) fh7EPIHY D Al—R e ~ MEYHEEREHRL ~ TIRAEVIHZEAER] - #K
JEWTITEEN 9(2):3-6

S (1996) sofrEYIEBER - IRERELL

FAEAN (2003) EEAMIGHTEYIE 7 [l B o iR 7 a8, - B B
FRRELFEFTRE 1250
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ey EEL 1L R R /K R R B A R < e
phiE' SRR

[(HE] BAERBAMERAES B - DRRUREREDSEE - FRKLMR
Rrefesg Bt pa i By Z 7 ZAMAESE R e R S Pl E PR SR/KE S A4 2R ffts -
HprtplE A ERALFORE 2 R > B SRELG A A R /K LR R Z et
2 o HERMEBEFABEZ fRoKE LAES] - & A Ml S0y - iR S5
R TEA R PR R R - ORI B R - PR AR
[EARPPR B Y B — TR HERRI IR - AHTSE HEY(RLEL Strahler’s 7o
J18R Py 2 e e TR S K i N PR FLpr BR s Al - 1 B AR R s &
s G ER ER » ZEHUR S 2 S OKSCERR » #E e ) & B RER DA B 2 LE
1H - BILJRBEARIRVESATEAE - S RBURIRH AR SR B S E I n] AU i B K & R B
TROHERRRE BRI > 5 B 25 (R AR BRI > JRBH ARV E SR S Z B A AT RE SRR
R RO SETE > AR RS K B S B 2 2%

[FAsEsE] MumEE(: ~ FURRER - JRERSKE - JREHAR Ve S5

MECHANISM OF HEADWATER LANDSLIDES IN
ALISAN CREEK WATERSHED

Chao-yuan Lin'  Sin-wei Jhang®

[ Abstract] The areas where vegetation grow and cover well are commonly viewed as
areas with less soil loss and better conservation. However, severe landslides occurred in
the Alisan creek watershed during the strikes of Typhoon Morakot in 2009. Most of the
landslides are located at the headwater sites where natural forest grows. The

phenomenon is such a paradox that it could not help to doubt the conservation abilities

U Gy R K - (R 20 - iERIES - EFEN: cylin@water.nchu.edu.tw

Professor, Department of Soil and Water Conservation, National Chung-Hsing University, Taichung, Taiwan 402,
R.O.C. E-mail: cylin@water.nchu.edu.tw

2 BB LR A -
Graduate student, Department of Soil and Water Conservation, National Chung-Hsing University, Taichung,
Taiwan 402, R.O.C.
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of a forest. Generally speaking, a forest itself owns better capacities in soil and water
conservation. While things return less once reaching extreme, it could also easily cause
landslides due to headward erosion which could release huge volume of debris at a time
during extreme precipitation, and cause large scale disasters. Therefore, an adequate soil
loss in a watershed is necessary in decreasing the energy accumulation of debris disaster.
This study focused on the mechanisms of landslides which occurred in the headwater
watershed to establish the index of potential headwater landslides. The index of
potential headwater landslide is defined as a ratio of the amount of channel sediment
output to the slopeland sediment yield for a given storm event in the headwater
watershed. The spatial distribution of headwater watershed was delineated in the
interested watershed according to the rule of Strahler’s stream order and a conceptual
model (index of potential headwater landslide) is introduced to quantitatively measure
the potential headwater landslide for the references of policy and decision making.

[ Key words]) Extreme event, Headward erosion, Headwater watershed, Index of

potential headwater landslide

Qi1
AT AR SR M 2 B i SR R A7 ke > HFER ~ BUR + BZ R R

e R K FBRE - SEEAADEESFREGR 1) - 2009 fﬁ%ﬁ[%ﬂ‘“
gles a2 B ERIZ UM AL - BEEEE A RoKE L AE
REA RSB Y TR R B R B A A - MR SS R AAE RN TR HY AR AR - 25 HE2(2012)
po M RIGHE FOKE LT > FMEESEN RN EET HE(EEEH - &
SWEREINE 2N EET - BELE B RG> A A AR HRE & CHHE
H o YRR KE A BTN « B - PR LU SO A EERA B/ AT
MR Z RN - SR ESEAER LB TG s T KEE - BRI EE
B o Ry B R - N ERSR K B R PR B eT > SR & HEEE > Parachini
et al. (2000) L fEHaHEEZ(2009)(E FHEUE S AEHAAY - 535 L Strahler E 22 2 A 11455
BRI REFE AT A o IR S K - AR R & 2 5T - ARAIR S KE
ZEEE PR ARSI PRET A R ANTIE - AR IE(F Strahler (1964)75J1|
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HURBE AR IR E ST AR - R LT AR B Sy v | SRR R K R S e i T T e - it
AR K @B E R 2 2% (& 1) -

< 2oLk R R R RER H 2 R >

v v
&2 R DEM whEF R
v v
( ﬁg_’il/»\ﬁ ( ( R B K B A ( ( B e (
S
L%\l R AR
L 4

P | R R R | [

:

( R Bk E TR )
B 1 HEemig

Figure 1 Flowchart of this study

a0 HFEEE

SR R ST B UL DR B KIE 5 (38 20 B At e 1D K - FHEIR & 5L e g
JESE N & 47 R AT (2010)45 58 - BURE 7 TR ARG 4 ASET ~ 250
SNEFSHEIFLL K 29 PSR - BEEERIMERMEYERMTT - REATTE K
BRI Y — » BB B R S KIE BRI BE AR o 2 A% - Pl LR B /K & Sy
BB FUE T B /KR 2 SO+ 1S 7E FR R LI Bt B LA - g BTl 4B A 22
SREEERA - B AR S mEILE - SKEEFELY Ry 6,653.84 ha » &2 F 2010
1F 760~2,280 m 2 fifl » £95 90.05% ; S/ LIRS BT > 4915 42.05% » R B
Sz > 4905 18.41% 5 B [m) oA F 2 LAPE IL(17.98%) K IL[mI(16.17%)#5 2% « L3 HI
B » AR A TR T » [HFELY 5 5,381.85 ha » (5 80.89%(3% 2) -
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# 2 [MEUNREKE AT

Table 2 Statistics of land use in Alisan creek watershed

s upal) ekl [Hif(ha) EEB(%)
RIR 3,148.33 47.32
PN 2,233.52 33.57

7K A 163.79 2.46
15351 323.99 4.87
R 625.33 9.39
HAR 158.88 2.39
= 6,653.84 100.00

(I BiFEkelE

HH DEM EfHiC & Strahler Frfgth 2 m]) 18R PR E - RS 1 Z
K& ER FIFEEKE - W LURAS K& e E 8 B Eibh 8 2~ LR EZHUR
BEARSRVESSEIE - A EAL o ITIRERSR K& 2 fRsREss - HrmEsth & DUKAI
1978 £ 2008 5= 2 PR B ERHETTIHA T > HAh B2 o SK 2 PR & ERFRIIEE
LAt Rz @ I P 1S 2 SPOT 448 2 G HUE Kl 2 B RE (L2 AR A 45 1R
NDVI([E 2) - #51E T A KE A AR BAt Z ZE R 5340 > mMECR T E R e AR
HIREZFH © LA 3 552L 2008 SR A 4d o g B - R B E ZEHUR AR R A
TAHAREAL > FRESA EIMHE B & (7 2 iRt R IE (R 3) -

R 3 WIEMEHHRIER R

Table 3 Related information of the study materials

Bkl fE 15315 7= R T P A ik
DEM 2003 5mx5m D 1 STK ST

) jEssi=giy i
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ot aemy | 2WEm T NDVENDW
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"~ 2009/01/05(E )
2 [EUESE/KE SPOTS FER
Figure 2 SPOT satellite images of Alisan creek watershed
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al.(2011) ¥ SEFZRER T 0 BALR T | AYHL 1B vl R R iR - FyREAEmE IR )|
af /% » Deshmukh et al. (2010)FI[ Strahler(1964);8] )[4 P[5 FE FIFeE £ 5 25 B 7T (Sher
River) Z &k f » AMHFTERFHERZR P | 2 SKIE(F RIRBEEKE - RRet gz
fir » HAFEEUERUK » (8 G 38— 4 VU2 B A /KBS R B A 4g 2 St el
Ry oK > WRC & 25 B P I E SR 7] 2 Bl % - B2 28 R R i AT T8 K2 HL
B A 3 e BAR0M & FIRE (E B (m 2 BGA P IRE(E 2 7K & EEHLZ & i 7K B
H%EE A FUKLIONZ KB R 5(E 3) » 5 {2 (% Strahler Jo]) 4 /77 HE
BB 1 20 ES » G DAERRA Y 1| 2 HOE 7 8EKE - RS KEER
JRIEEEKIE o
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Figure 3 Delineation of headwater watersheds
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Ry E I E 2 BRUR B PTG EE] R E A IR RS KE - DIFTE(E
SO00(RFTE Ry 500 {ELERS) el - ZEHUA PTG E 2 RS K (EE - I LA
FHIOIT g ARt Rt - RIS S PIEHES o N ZmEE o PIHRERV] © #En]
S EN Rfs Tl Z #1y BR - MNP EE 2 K& [HEES - BT Eat#Es
R 5 PIRRE ORI E < B2 /K@ A i S AR SR & i 2 — B0 - HARSR{E
SRR LELRBR SR KIS (E R Bl (R (E] 4) - PR bR RIE o EIL P T AR
(EEE bR > EFMEE AR LR - AR EBR S s A 2L /NIt
S AR B 2R ATRE 2 E) - FE AR (BB K@ B H 2Bk > LA
RERE LA 2 FIREE(FIREE 1,000) 505 #1 53 JFIE S K 2 IB(R 4) -
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Figure 4 Optimal numbers of headwater watershed classified by threshold method.

®4 mEMEEIHEE
Table 4 Optimal threshold value estimated
FItEAE

() IRBREE /K (EE R EEAR R EE RS PEREL
500 350 198
0.148
1,000 189 124 0.092
0.056
1,500 129 96 0.008
0.048
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PUEE e o A
PETT— TR K@ (EE R IEAR R {E S RS REE(L
2,000 95 72 0.014
0.034

2,500 73 55 0.012
0.022

3,000 57 44 0.012
0.010

3,500 50 39 0.006
0.004

4,000 46 37 -0.006
0.010

4,500 38 32 0.010
0.000

5,000 36 32 0.000
0.000

5,500 34 32 -0.008
0.008

6,000 30 28 0.004
0.004

6,500 28 26 0.002
0.002

7,000 27 25 -0.002
0.004

7,500 25 23 0.002
0.002

8,000 24 22 -0.004
0.006

8,500 21 19 0.004
0.002

9,000 20 18 0.000
0.002

9,500 19 17 0.000
0.002

10,000 18 16
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2. JRVHAEERTEEAEIE

PR AL A PR /K ] 4 BE I DA B A2/ NARIEA Z B | TR 5% > & ki 2 PR
Ry > JAE NI OB T R e 5 > (AT 8 FEE B e EL A RO BR » FT i A
eduia L Eh 2 EIP a2 mR e - JREESKE A B8/  THAERELE -
LA SR IR A 1 S bl By B E e bt e /D i 2R AR R e S L - SR
F Q201 )f5 HRBRE NN Z S8 A KRB AR R LA 2 EH AR - BIE
FHR 2011 A5 ARfEMLE N R BRI > AERIREE R ~ /INEIERYIEEN o Hs
T 78 220 A R B e Iy > B AE R PRV o S R AR T AG DUBYSRE T
W& A= frte - IRIELHE R S Kb E e R e B BB i 8 2 515 - AT EEK
S H AR SRR SRR T

=
=
E

NS ==

JRUE R B A -t —
JA] B D &

3. WEERER

5K TR 8 2 /K T 37 B (USLLE () B AR RDIE RS
(SDRFATRT 15 » (B — B S T B ) WD B » (Rt A
FIE AL — K DS 0% » BLE S (single event)IH B G/ BT 2R
ROHTIRS B » ST R R (i A PR+ H AT

e e

(1) FHEE :

3 1877 22 /37 (Universal Soil Loss Equation, USLE) & 1954 £ Fi4A
5%J% > /1 Wischmeier 8 Smith(1965,1978)FT 3T & - SVEE/K L IRFFRUITH EESE
=T AN AR AR - SRAEA LA AR GRERERE
M GEME 2 @ MESEE - A=

A =R xK xLxSxCxP

An="13E7 5 & (ton/ha/year)

Run=laE Pl B 5 E(Mj. mm/ha.hr.y)

K=t 38 85 % (t.ha.y/ha.Mj.mm)
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P=/K + PREFFRa B AT
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Figure 6 Concepts of sediment delivery ratio
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(1) Schoklitsch(1950) :

_2500 g1s o)

N
s

3/2
5/3 Do/

PP v
g, =0.26( p T

qs—ERLA7 7] ELA] PR E RS & (kg/sec/m)
Q=R (i A] L 7 ] PR AL B 7T & (cms/m)

23 5 Schoklitsch 28EE
Table 5 Values of Parameters for Schoklitsch model

SHIEH SEORE
S=HI PRI (%) JRBASE K& N B IR 2 P -
q=EE i) & &= (cms/m) ST T P I DA —(E4EAE 10m 1 B i
CIA EE o
T360x 7 B A
VSRR i 2 (kg/n') S LT Tk JER B i

— By 2.3~2.60m’ > R P A(E 2.6 -
4B (i ARG 2,548 kg/m” -

y=/K Bfr 5 (kg/m®) 43 B i HA SR A5 /K BEA 28 980 kg/m?
DO=JT PRI (m) » JEREERE DSO  BRFHZERH (201 DFH S & > Bkt

Ry RIS

\\\>§v

A P EAL A R LA — (4 10 m Z RE(FR/RBEAR - STREGEEAFE - B
PRI SRS (D) R B AR E AT DUER - R T HREEEH RS 2R & > Ui
FUTEE S SR > AWTFEE A EORIUR 1941 St 2 Mdm(E 55— 23k - it
T35 E P AR LS b SR (SRR B B G 2 PRV RA (% - SR B OREC 70 i (Gumbel's
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() HERESTFEUREE R HE)

TEEUREKHIZAGS 1978 2 2009 2 HEE R Wt i reE K
HE AR > FH 2009 FFEHEESEY 7~ 8 ~ 9 HgEaEE - KimfEH=H
B R IR 2 PR THERFE T - BURHRFIE 100 F 2 = HE RERE
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Figure 7 Return period of three-day maximum storm occurred during the strikes of

Typhoon Morakot
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Figure 8 Spatial distribution of landslide caused by Typhoon Morakot

7= 6 FE/KEARHERN
Table 6 Watershed landslide information

HH [t (ha)  FREREAITE(ha)  FRERER(%)
PTEINESE/KE  6,653.84 557.29 8.38
RIRPE 3,148.33 350.06 11.12
AT K 2,233.52 114.82 5.14

IR E 1,000 {EHS 2 FIEERTE 7 2K & RIS B RSB | ZHEH
FoKE(E 9) - WATHIF E R F/KES 189 (EJFREHEE/KIE - #mfH f 4,068.87 ha -
ARERTAIG A 263.28 ha @ HREGRHR Ly 6.47% » JFEHEE/KIEN 2 R EITELY F 1,892.29
ha > FRERIEIRAEY 171.87 ha > FRERFREY Sy 9.08% » N TARERALY A 1,510.91 ha - Rt
HIfR&Y 57.15 ha > AEEEREY Ry 3.78% » HEURIFEIS/KEN Z RIAMA T 0 AR
RERT) -
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Figure 9 Spatial distribution of landslide in the headwater watersheds

® 7 FHEEKEFHHER

Table 7 Landslide information of headwater watersheds

HH [t (ha)  FREREAITE(ha)  FRERER(%)
JREEEE/KIE  4,067.87 263.28 6.47
RIRPE 1,892.29 171.87 9.08
N7 1,510.91 57.15 3.78
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Figure 10 Scatter map of landslide rate vs headwater landslide index
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EhtE DIFEKE e AL BB K ElE

PR A BERS

[(FE] Ve DS KEIERE 55, - DURVD N2 /KiE 255y > fesri)lE
FELE AR BKEIRFRETRAIA AR - R E S/ KERREIVEZET
{F o A DUEFEM S S HUREKIE B 7R S - FMFEESEES DEM Bif
BEBGER > TEraiuE MHIOREK&ENESR - I #5002 BT ZHEE
fir » EERREFMIIE K L EIFRIREREAFTRRL - AT R R R EE M s B A A E
JEWDITIG RB/KraE 2 24 -

S I > Bl = fE AR DEM > BHUK IR B EHTUR KSR (I
ZEDKITHNR) Z K& ~ I i SR VRIS SR © Wt G &R - 51
AR bAREAIEENDVIE - FAHE M L8Pal/ A= USLE - (ERF k&
Ry 2181.3 mm » JKEIE FFETUE - IKFEE ~ KEBHUEAESE K@ HERAE
B aiZe i > 45585 I By 90.07 ton/ha/yr B 6.4 mm/yr ~ 2.78 ton/ha/yr Ei 0.2
mm/yr ~ 161.84 ton/ha/yr B2 11.6 mm/yr -

RyPRFFZFUKETEF - B TR A5 B R A - 50 40 m BE/KTE A
gl o e U AERRIRE - B THAREERIIERIF AT A - B4R
ey IR AR DD B 283.45 ton/halyr o Jek/ DARUERDEE B 51.29 % -

[RRgEEE ] SK@aes ~ Jeld ~ JE/KH ~ rhla

Estimating Sediment Yields and Establishing Buffer Strips of
Riparian Vegetation Zones in upper watershed of Herkenchi

Jaung-Pey Lin' Hui-Sheng Lu® Chen-chen Tsai’

VTR T Sk BT K B LB A RIS B CBENIES - BT ENE: ¢ jplin@serv.tfri.gov.tw

Associate Scientist, Division of Watershed Management, Taiwan Forestry Research Institute(Corresponding
Author), jplin@serv.tfri.gov.tw
2 fTEbe R Z e MR R K EACE4H T B FRAH &
Senior Scientist and head, Division of Watershed Management, Taiwan Forestry Research Institute
3 TRt R g MCER R K@ E LB IE B
Assistant Scientist, Division of Watershed Management, Taiwan Forestry Research Institute

117



Rt~ BEA - EER—GUE LIFSKEEM R BUE K BE

[ Abstract) Preventing and curing from non-point source pollution on upper watershed
to reduce suffer pollution on downstream brook pollution, and raising the ability
ofholding to improve rivers and creeks self-purification, it is the important work of the
current water conservation. The Herkenchi watershed on Lianhwachi area is selected as
the research object of this study. It is studied to probe into sediment yield by utilizing
topographical model DEM and satellite images, and to draw the relevant position of
riparian vegetation buffer strips to contribute on water conservation. The result will be
provided for ecosystem management on Lianhwachi experiment forest. Drawing and
setting up riparian vegetation buffer strips can be help for preventing and curing
sediment yield in experiment forest management.

Using Digital Elevation Model (DEM) of Lianhwachi area, draw out the
positions, slop distributions and Sediment Delivery Ratios (SDR) of Herkenchi,
Jaulongchi, and Houpeikenchi. Analyse the images of satellites, calculate the
Normalized Difference Vegetation Index (NDVI) value. Estimate erosion amounts and
erode depth of Herkenchi, Jaulongchi and Houpeikenchi by erode formula USLE with
annual rainfall 2181.3 mm. They are 90.07 ton/ha/yr and 6.4 mm/yr, 2.78 ton/ha/yr and
0.2 mm/yr, 161.84 ton/ha/yr and 11.6 mm/yr respectively.

For promoting stream water quality, it is necessary to forbid landuse development
on riparian zones. To establish 40 m in width for buffer strips of riparian vegetation
zone which decreases 283.45 ton/ha/yr of unit sediment yield and 51.29 % of total
sediment yields, is a good method to control nonpoint pollution of soil losses from
uplands, maintain stream bank stabilization and available to improve ecological
function in stream.

[ Key words] Watershed management, sediment, riparian zone, buffer strip

I~ m=E
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A EEKE BT B AR E R E2ACE - 1 2 BB R MR EY) R N E
feft BAFARFS - I - M K@ s 2 —Hm &I R % HEE TIE - TIF
NBHZEFRZEERNR - WA ANE » SFEAREE - BAA A THE %
4 REFRE AR RRIRET - B E AEFIVIERBEE - M KELEHE g
St M AR E R - I TERGSET T - SURETHBEFE R 25 (K% -

8 F 18877 26 /2 = (Universal Soil Losses Equation, USLE)/E 2% FLFE A - 158k
EAYAT B EIERDF 5 4 T (Agricultural Non-Point Source Pollution Model,
AGNPS) HiEWESE » 540 » HHHE N 248 (Geographic Information System, GIS)
FOERGRART A EREY - il 5 BE S 274 (Digital Elevation Model, DEM)
AN S/KE B Bh#E] 07 SoKZ MR ZEHL > i DEM BReh S HE E RN A& S8R
fla » THRIEEKEARY TP aR R - EETRFREY - MRIEE - MOOE(1999)45 & 1
Bl &4 ~ DUBHIFR g f 2Kl B Eh# o Bidm - s A0 CNZ S KIS 2 TR A
BIREWES - FECHEZ1994)F] Rt &1 £90 . AGNPS =G A T/KESE
K2 BBERKER - B ~ BRERES(1993) FIFHEE A AGNPS Rz
i B rR e E & R EER T HEOPER T o BECE(2000)78 AP E R 22470
& AFlr4S & USLE RE=UHERS (IR miad TR & - JEaNER(1998) - AT
HIE R &40 i 2t &l > DL RUSLE e SR KEE /KR HIER AR -

KHFE L E TR RESORBEKE BT S A FEEPIEA] DEM Blfg 2
s BRER  HEAE LA 2 T 8RR E - WEECRE/K AR AL
EREEEE AT - DU RS KELEHEANERIRE @ iR BRI
JEWDITIG KB/ E 2 245 -

I ~ B FEARIER DT A

() EKEERUEEE T

WEEEETEDKEIZ FabuAME 2 fildlE - BiESEHREA SR DEM » #
TEKEEAESY - S MRE S « 138 - A - A RRSE KT
FAHRE R -

(D) HSCEL KSR ST
W BT R & IR S SR S KE M A - BfESKEZmHE A~ H&
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P 4tE L JH)IE N FHEfE H=2Zn » R E REZnwZmn © FIIHE
S=2S/n ~ #RLE R=ROAd - £/KEE W=A/L - RN T F=A/L - HHEE
C=3.545A"%/P ~ [ELL{E M=12.566 A/P* ~ 4HELL E=1.128A"Y/L ~ IR E Lo~ /K&
J& Ds=L1/A ~ JAIJIBE Fs=N/A ~ 28 BT B -

(IID) JewbizE EHEfS

EKIEHTERMAEEE(YS) » B EibiEFS 2R (Sediment delivery ratio, SDR)E - 152
MAE(Am) ZFERE » Bl Ys=SDRxAm - $7[f FfE—HE P ZRbbiRfE=R - Rz Bk LA
L EEOKIHITE (Ap) B I 5 3% 0 2 % SR /K TEI TR (AT)EL » SDR=Ap/A=(a*Np)/(a*Nr1)=
Np/Nt » Z(H Np ~ Np 73 BIERRBZ AR 2 P BE 2 $A& 8 ELm 48 P B /KIE 2 49858 > a
P& HFE(40m>x40m) - Am  FyiE FH 115587 25 /3= (Universal Soil Loss Equation,
USLEYHE Z 3k & » A0 + Am=RmxKmxLxSxCxP
H Am ¢ Sy LK & (tons/halyr) -

Rm [P e E#(Mj-mm/ha-hr-yr) - BUEEF PR efE B GE 1S
1979) 2 BALZHE B (PRIEE ~ RO - 1999) - Rm BifE £y 14,236~15,257
Mj-mm/ha-hr-yrRm o

Km © £8P ERFESE (tons-ha-hr-yr/Mj-mm-ha-yr) - HUEES M+ B el 58
(H@EA& > =k 1981 ~ 1989) X BLFHIE (PRIFE ~ MR -
1999) » Km #{{H £ 0.0312~0.0388 tons-ha-hr-yr/Mj-mm-ha-yr °

L : W EHRT > £ Wischmeier and Smith (1978)3% & 73/ =, L=(1/22.13)0.5 3K
B - 1 HHEs a9 E -

S : BER T B¢ Wischmeier and Smith (1978 & 477470 $=65.4sin’0+ 4.56
sin0+0.0654 SKEMHT: » 0 A8 P -

C: hEZHEMHNHAT  DUERE{EE A 52 (Normalized Difference Vegetation
Index » NDVD{#&p M4 & mIECEEA » 51 HEZ * NDVI=(NIR-R)/(NIR+R)
FUH NIR @ FRIATELIME « R @ FREDK -

P R/K L RFFRRE AT K L RFFEEEE P=1 -

(V) EKEE T EE

FEEHUE KSR KR FUKZRA S - PIEERE T > #5240 m -~ 80 m
K 120 m Rt ARkl > WECESK T C-H > #ERUBWER - FLALEIRWN G
Wtm > S E A AR ETT R -
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I ~ &5 5REAGT 5

() F/KEERMEEBL T
PESEYUR R HIORSEKE 2 BE SRS DEM Blg B2 GE0 - Al

40mx40m BUELGIEE R} - TGS N EYUR K IOR (HEZ B GTUE)
SEKEE A ANE 1 - BHEREDK I UR
Ry/KER BFEYUR 2 RSO » Hf
KGR K /e e R K& 2
ESNEET S SaV P U W o SR N7
BBl P E R R Al - HAE
ILE 2 Fefeit, - MBI 525m &
958 m [ » LR E By 2,181.3 mm
o BhhlE 8 AT LIEH 2 51 > & ; -
T RtethVERE T ERVERE L R+
fremt - FEIH AR - EHiER )
A 20~40 cm > B 60~90 cm > EE/KE branches
IR - 49 20~60 cm - BB 52N o A BT LI RE %
KEEGURBKRIMN L - Eghibs - Btk g s Emasa e - FiEE
FERREN - falZREA RS - sEREGIR it s 2 0 s e - FEfEE
& IR BT SR EAR - BEEmEE - Haa i SR RS E it
FIRE > BREORE  HIEE AN > BT AR » B EROKE
FiFZRO AR (S SRIEEE - 1978) -

EYUR KRR EKE KRG RIRIGRIAFEZEM - MOREE - HHEAEER
4 5 MEA DR RHERE SR 2 R b R £ 0 B S BRI  BPORATE - E I
FARZ - M N BEYIRHERE - FER Ry B 2 gl - RERR A EFTE
tEY)  EARIRAHBOTE R - FEREHOR ~ ZERREE ~ JLETARS: © sl ta Y &5
G DR T - RIFERLZ < BRME ~ Aptt et gt - HZEesE - A
(SEE-RE G

TR KIE AR 3.92 km?» G K B A > BB Rtk
o DANTARECRAFAEEM R T - (G S /K@ AR 88 % » HEHEE 5 % » HAthil

g§ 3838 3 3 8 38 B

il

121



Rt~ BEA - EER—GUE LIFSKEEM R BUE K BE

BAERN 2 %~ ZKE1 %~ BE % 21 % R %~ KEE 1 % o LRI E
i > A E BT o KISPUREKEERE 3.3 km® - —ERBAEH > BkERERAT
PRt > SH—2RRIRRAE Y o N TR SR IRFAZEM AL 68 % ~ FERBIE 19 % ~ Z[E 5 %
FAEM 3 % ~ BN 3 % ~ JKEG 1 %fEd RE 1 % T FHEERE - GHUESEK
EERE 8.56 km® > HEIHERELKIETTR - A TARECRZRFHEEM (G 77% ~ BT
13 %~ FE 3 % FEAM 2% B 2% KEE1 %~ 1%~ RE 1 %+ tAH
FyWi& 2 &7a i -

(1) St EKSCRF AT

K& ez 2 A A S LB SR 8RR eE - tRIER 85
RIECH AR PR 2 B /K& 2 S0 28 SR KI@ehbE S S S 8a/ - o
EHUR TR S /KE ST AT RRIEFHEARMESEEK - TERERE
FERE F > HAEENESR - % 1 BERBEORE/KE SR SR T - HE %0
KIEGUR B HUR W2 S0 0 W AR > IRE R K TR By 3.92 km® > K
FEYURSE K@ RS By 3.3 km® > 3 S SR K@ RS/ INPS 37 & 0% K i
8.58 km’ fy—2F o KE3 it R T BEEE /K EE FfE RS A B 0 - 400 1148& Ly~ 57
JIEN ~ #EfRE RE~ BKI&H W~ JIRA T F ~ &R C - EELEM ~ iREEE
F2H 0 KIBHUR/NRIZHER » IREER/NAGEYUE - BYURKSREKEH &
11.04~15.92 km » J&JFEFE 3.25~5.12 km > SEHSERE 0.86~1.67 km > FEAR S 696.21~
693.88 m > I 31.9~34.93 % > FEIREE 0.2~0.24 - GHUR KSR EKEIIR G
5y 0.23~0.33 » BT 0.55~0.65 » [EEL(E 0.3~0.42 > F/NR 1 BEIIRMGEESE
€ K EIEEEEET 1 BUnS K@M N EY - SK&E 2 BHEE R - /NE
B EE » eI BERIR - WA FIRIFERR - AR B - S S 2N
R - EAIER SRR - /KRB EBU ) 1[5 5 BB AR RV E » K&
HIEBU [ FRFTK RS E - KERSET - BEM AT - BRabuz
FSMEEK@SEIIR R ~ TR BREEK - BIRGE R EEERER
g #EER LR LGS KERE  BERAKETERREHAZ EESE - 5
AN BTHETR ~ KIBHUREE/KIE P SR R IR B B EARAR AT - RFaE Ry if
HEEKIE - LT [E] 3t A1 P B /K& e b e fil J7 1 2 BT -
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T 1 BHEE ~ KIBHUE ~ SYURFEKE 2SR
Table1 Topographic characteristics of Jaulongchi, Houpeikenchi and Herkenchi

watersheds
WOl T kKX B _
KREHT% 1z FE V% SRR
5] A (km®) 3.3 3.92 8.58
EKEEEP (km) 11.76 11.04 15.92
FKEHER L (km) 2.86 2.81 3.92
T K &L (km) 3.82 3.25 5.12
I 48 & Ly (km) 5.58 721 14.33
A BN 6 7 14
oty & f2H=3Z/n  (m) 696.21 708.56 693.88
e R 2 RFE-Zpax-Zmin (M) 331 406 433
PrgH R S=2S/n (%) 31.9 35.04 34.93
. R b R=Rf/Ad 0.24 0.24 0.2
SEKIEE W=A/L (km) 0.86 1.21 1.67
FARATF F=A/L? 0.23 0.37 0.33
OB E (C=3.545A"%/P 0.55 0.63 0.65
b fH M=12.566A/P 0.3 0.4 0.42
4 E Lk E=1.128A"/L 0.72 0.8 0.84
7K 2B Ds=Li/A 1.69 1.84 1.68
SHJI#EZ Fs=N/A 1.82 1.78 1.64

(1) JetbrE EHERS

SEKERPERBE: ~ IR - I8 - & - AEAEEEY - oKXk
Frea AV - B b al - FEFKEERAR - B TSPehE D
A o FURZ DEELE R N EE > —HEETE - B EERRS > D
FEERE > REEBESEKE D CMmRL - fE e 8=/ NP+ 8 ek
B o WA e RIS BAT [ N - [ERRIR AR UK ZIER - RS
A > T e EEOK IR SKE R R - RIS 2 s oA
OB AT - BEIEYUR KOS KE LIRS R i - 4IE 2 - BB
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T AIFRREMDIRIS TR » REC AR50 W 55 B 2R AYIREE 5 A5BH
Rk - BT B ERIRRIENDIRIS RN - DA A SH 4R Bt B I R

FEEPRHERTEE Rm 2= B E(1979) LIS 2 BLFE ~ Frir - & - HAE
S NE - GRKACES ) (ERFRIE A - 5RE 20 FHYEECHREZCE: » 1
et 200 (@& HREERTETL - 2EAREHFEEEERTeiisE > B
FIE B b FE B PRIEE ~ PRS0 0 1999) » AEHZE 2 B EhiEE Rm - (RHUH
ZEULE - #E B 14,236~15,257 Mj-mm/ha-hr-yrRm o 42 af3E 8 Km £ 85
MR ER TS B (AR~ =EF 1981 0 1989) 2 L HEE (FRIHEE ~ Ml o
1999) » 1 ahiE 8 Km » ${E &E & 0.0312~0.0388 tons-ha-hr-yr/Mj-mm-ha-yr e
3 Fodat& o Az 734 > $% A Wischmeier and Smith (1978)F2Hi 2 I 73 Hr /A=
$=65.4sin’0+4.56 sin0+0.0654 REM15 » H 0 B4t A o SUPRMIEY 35
R B EAOAL RS SR » BAREUBSR ORI RGN » BT 55 %LU T
TR NSS ~ LT ~ 288 AT a2 5 S8 55 %~100 %3 R ELLRE £ % 5 KR
100 % » B8/ » BT bESE R e pnsaabastla - DA RLRE R+ -

T T T
3 8

55855532855358888

i
O R EEEEE

T T T
ooocooo

8822

E

2645000
2644500 pmm

2644000

W
2643500+

236500 237000 237500 238000 238500 239000 239500

2 EYUR N SOREEKIE e DIRIS R 3. EYUR R SOR S KIE S S S
Fig.2 BDR of Herkenchi Watershed and Fig.3 Slop of Herkenchi Watershed and
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BiFEIURRSOREKEZ FEEGER - & EXFHE NDVI | » sEHRE -
BB EREABIEERA  FEYE S  EEE R -

R EE AT 2007 0 oy Rl E BN e Rm) ~ 1B e E(Km) -
W R R HRHLS) ~ K RFFRT-P) REEHET(C) » 515 USLE A& ahA T
IZRME » B AYURW S KIEE R E R 2,181.3 mm 2 HHURAE - 18R
FHEGERUGEK@EWIES R » 5513 3 ZEWAER - WHIRSEKE 2 115
R B B RS NP KU LS YR W /K& 2 H R L BB AR - 1
TR R Ry HE B S K& Ry A @SRRI - KB TR A DA Ak
R RFAEE M B Y > (KIS TS 88 % o FERDBL 5 % » Eftifh 7 % » +H0F
FHER4 > tEAEE BT I IERARD  SUEWESRF 2.78 ton/halyr » FHELEE
£y 0.2 mmfyr o KEFHURSKE —RBAFHL - RdEERRTii - 55— Rihfl
At LR B TR R AR EZ K EETE 69 % FE - IR - ¢
[~ B Bl 12% 0 AERRE 19% > TR e - AE A R e - SRR i B
5 HIEERACEIN > 4R EE B 161.84 ton/halyr » SPEIZEE A 11.6 mm/yr o &
HURSK & H B 6 2R % - IFHUREKE - AR RRTRE 222 A
TR KRB EEM LY (B B K TS 79 % @ FEREES 13 % HAL RIS 8
% » HAIRAENTRINE 2 4UEER R 90.07 ton/halyr » JHERZEE £ 6.4

mm/yr °

*®2 AaHUESEKE W EESR
Table 2 Sediment yields of Herkenchi Watershed and its branches.

TH H KHEESEKE  KIBYUREKE  AYUESEKE
S PR e (mm ) 2,181.3 2,181.3 2,181.3
EKEERE  (km) 3.92 3.30 8.58
HEJEDAE E & (ton/ha/yr) 2.78 161.84 90.07
JENDEE B2 E (mm/yr) 0.2 11.6 6.4

(IV) FKEEE R

L HR - P AR B AR » e« e KR 2 M
(EATE BRI BB » WO K - B W - B R — (RS
1987 ~ 1988) - FH4EFHZE + BOMEEFAACHE » HKRRDIRRSS » R R A FErIE
5 o HRETAFE-L AR BURTITS A KRS « BT DRONDRE - B
K5 4% 8 16 (Riparian Zone) » A 8042 57T 1| (B (L FF BB %2 (T %
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1981 ~ #HfEE 1989 ~ Lowrance 1992 ~ Jordan 1994 -~ Hsieh et al. 1994 ~ [HZEFEE
1996) » 18 A 4R fEleE th 2 B 5 S Hh BLERDAYZh 5% (Flanagan 55 1986,1989 ~ Heyes
J¢ Dillaha 1992) » gE4ERPKEIRIVE B EE—ERRRELLE - AR SRS - BK
o T Y R IR E BV A E - BEKEETEE AP 10~30 m (Jordan
1993 ~ Peterjohn and Correll 1984 ~ Lowrance 1988 ~ [HEELEZ: 1996) ~ 30~50 m (7K
T REESE —15%) ~ 80 m (Castell et al. 1992) -

ARBHFEHEFNSS 40 m ~ 80 m il 120 m 7 RIIE[EOE /KT 4R E @ 45 R A& 5 fy
7 BEESRFORRIE s EARAVHEIE S 40 m ZIEKA SR (BT 0 HfE 132.8 ha o
L EYUEEKE RS HTEZ 15.5 % » SRELRATHEIE S 80 m B /KR ElE - [HfR
247.7 ha » 1 28.9 % » FHEOLRAVEIE s 120 m 2 E/KAFRETIE » [AITH 348.2 ha » 1
40.7 % > A%< 3 » HU~ 80 m Jz 120 m & 75 ZOR 5 R LEARIGEIR - 4Rl
B EEHBEER  CEGRMBEETHAKSS  BERT M - E4%H
T TR e B AFHIARHIE - C{EFE Ry 0.001 - BEKIE R ESEEIRVNIER 3 0 5B
40 m E & ET el B 7 fy 37,642.3 ton/yr » JJERVE /D 39,639.5 ton/yr - JEWD
E[FK 51.29 % > EA7 4T R Ve AR E B Fy 283.45 ton/hafyr 5 EEE 80 m
R ENDEE B Ky 22,980.8 ton/yr » JEWDE /) 54,301.0 ton/yr » JEWDEFF(E
70.26 % » B & ETIITROR ERDAE FE B By 219.22 ton/ha/yr © 5% 120 m B4k fE
I EbE EIE Ry 16,244.6 ton/yr > JERDEIEH/D 61,037.2 ton/yr - JERDEE(K 78.98
% » BT R E AR e AR ZE R Fy 175.29 ton/ha/yr © HEZX 80 m k2 120 m E4E
fErirbb 40 m TR TR R RIEVE X - (B R FEE IR ET AR R - %5
DR &% s i fe ek e & R 5 BN » T2 LA 40 m B4R fErrEh 80 m k120
m BERE T o A LUEWDI D & (%) Bl 4% iy AR L (%) 2 ERE R s JERD T /a3
> FIl 40 m & ENDIT /6% Fy 3.31 > 80 m J 120 m T E T JENDIT /6%
185 2.43 2 1.94 » ZAZRGRE 40 m B ETELELE 80 m J 120 m BERETT BRAT °
Lin (1997)3% R DME A4 SR R e S & )52 - RILE & B IRAN T4 > 8%
40 m ~ 80 m B 120 m fEAE GG ETRIEEYD ~ SR BN AR » 40 m & L
w4 - BE L ZEUEEZAE L > BHEEaR - e - RS - RN
Ngasting » MRt 2 IS 8 A 2 AR FEEPRIERY LR ~ AEPEE -
iR AR EEEI B FEH ERRKRI524Y) - GYUR M SOREKEKEMmESE
{EF R ARARTSFRE R - 3t A R B Amy bt - BEREFER > &5UEK
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SORSBEKEEETT R E WY » FNFEsaTE] 80 m 5 120 m & » 5 E 40 m £&fET
eSS o[EE NI ERURE -
72 3 BYUR MR E K &SR E T D G e bR

Table 3 Efficiency of buffer strips to control sediment yields in Herkenchi watershed and its

branches.
5 H &EmE KEWHEH JEWER R BAIEETRDIE Eﬁé“
fh(ha)  FHEE(%)  (ton) E(%)  /DE(ton/halyr) Rm
40 m &5 {ETT 132.8 15.5 37,642.3 51.29 283.45 3.31
80 m 4RfET;  247.7 28.9 22,980.8 70.26 219.22 2.43
120 m &5{#77  348.2 40.7 16,244.6 78.98 175.29 1.94
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Fig.4 NDVI of Herkenchi Watershed and  Fig.5 Buffer strips of Herkenchi
its branches Watershed and its branches
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ANBRE/KERIEDR » EBLE RS - ISR - 59%KE Bk g
B HEFRAKEFR I ENEE - REZIR - EEE EIeE R - LEUK L
EIR R B IV E BN - E BEEKEIERRSHY - DU MR fUK#E 2
753 )28 EEaE ] BKERIFERNA AT > h2ES5KE
ROREFHVEZETAE -

DUFEPEEpR & 2181.3 mm HEfE S H1R KT (MR BOK B 512 ) B KR~ 138
T EBDRERZERE o 455575 B 90.07 ton/ha/yr B 6.4 mm/yr ~ 2.78 ton/ha/yr i 0.2
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V- et
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CAUSE EFFECT ANALYSIS OF 611 FLOOD DISASTER
IN FUXING VILLAGE, TAOYUAN DISTRICT,
KAOHSING COUNTY

Chung-Li Hsu'  Shih- Sing Ye

[ Abstract] The Butangbunasu Stream was one of the tributaries in Laonong River
watershed, which lithology was relatively weak, joints and broken more. Case of heavy

rain there mudslide situation, thus was incorporated as a potential debris flow streams.
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Typhoon Morakot seriously hit Kaohsiung and Pingtung areas in 2009. There was the
formation of landslide lake break disaster brewing and very serious disaster on
downstream load embankment and villages of security was threatened.

Although despite emergency disaster rehabilitation, but the triggered subsequent
disasters were still affected life and property and life quality of the victims. In this
paper the test site located in Fuxing Village, Taoyuan District, Kaohsing County of the
debris flow potential river upstream for the survey area, data collection, field
investigation with neighboring disasters than migration to explore the causes of the 21
houses affected 611 flood event in 2012. The analysis results showed the
Butangbunasu Stream in the downstream of Fuxing village that numerous sediment of
debris flow from its upstream landslides into the Laonong River formed a landslide
lake to silt and block the river, resulting river upstream back silting and raise riverbed
nearby Fuxing Village. Thus, it can not be discharged due to back silting the river
completely overwhelmed and the loss of the drainage function in the Laonong River
tributaries Lakusi Stream, causing the stream diversions flood flow into the village and
scour riverbank let disaster brewing. Butangbunasu Stream upstream continually have
landslide accurse, the threat of backed silting in Laonong River still exists, must as
soon as possible to monitor the proper placement of affected area people.

[ Key words]) 611 flood event, Landslide lake, Back silting, Scour
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Studies on developing feasibility of agroforestry in Taiwan due

to its landuse management institution

Huang Chiung-Piau'

[ Abstract)] The themes concerning landuse management of a country have contained lots
of items including environment ethics ~ disaster prevention,economic development,social
security,even if in the aspects of land-tenure dispute, overuse, erosion and landslide as well.
Especially, under the conditions of dense population and limited land in Taiwan, there are too
many controversies between land-tenure and landuse and which had led policy to a worse

chaos. Generally, agroforestry seems to be a very effective tool for developing country to

U i a2 B ekt B K S QOB 4HIRZE B - IS - BT trihep@tfri.gov.tw
Senior Scientist, Division of Watershed Management, Taiwan Forestry Research Institute, Council of Agriculture,
Executive Yuan. Corresponding Auth. E-mail: tfrihcp@tfri.gov.tw
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increase crop yield and promote ecosystem conservation. But not the same progresses and
results occurred in Taiwan owing to it had posed unique natural conditions in geology,
geography , hydrology ,cultural and social backgrounds which had put the agroforestry to a
dilemma situation and cause several unsolvable problems.This research is

practically trying to highlight the main obstacles in developing agroforestry by reviewing
historical literatures. Meanwhile, according to present rules and regulations, some of
methods for modifications and revisions will be proposed in period of long-term,mid-term
and short-term programs above an administrative level. Additions, concerning technical
criteria and guide books must follow up to help accomplishing a huge quantity of field works.
That should be a very hard challenger.

[ Key Words)] Landuse management, Agroforestry ,Forest land
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International Center for Research in Agroforestry * ICRAF) 284 » B T ASIATN S
ZZE AN WETH T4 EMRIES © " Agroforestry is a collective name for
land-use systems and technologies where woody perennials (trees, shrubs, palms,
bamboos, etc.) are deliberately used on the same land-management units as
agricultural crops and/or animals, in some form of spatial arrangement or
temporal sequence. In agroforestry systems there are both ecological and
economical interactions between the different components (Lundgren and

Raintree, 1982).
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Table 1 A criteria for compiling the types and zonings of landuse in suburban area
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