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SPATIAL DISTRIBUTION CHARACTERISTICS OF
THROUGHFALL IN A NATURAL HARDWOOD FOREST

Hui-sheng Lu®  Chieh-lung Lin?

[ Abstract) Spatial distribution and variation of throughfall affected runoff processes
and paths. Meantime, measuring and calculating errors of throughfall and estimating

bias of surface runoff were also caused by spatial variation of throughfall. Throughfall
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plots in a natural hardwood forest, 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 natural hardwood forest, and open area were 0.24, and 0.017,
respectively, for gages with an orifice diameter of 20 cm. For the natural hardwood
forest, the spatial distributions of throughfall were rather uneven. There were no clear
relationships between the spatial distribution of throughfall and canopy density of trees
for the natural hardwood forest. The spatial distribution of rainfall of the open area was
rather even. Standard errors of throughfall in the natural hardwood forest showed
proportional effects with their means. When permitting maximum error percentages of
measured throughfall at natural hardwood forest are 10% and 5 %, 5 and 33 throughfall
gages need to be satisfied, respectively. Decreasing number of gages for measured
throughfall at natural hardwood forest cannot 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 natural hardwood forest for rainfall less than 100 mm are 81.5%.
The means of spatial distribution of throughfall in the natural hardwood forest could be

estimated from rainfall in the open area using regression equations.

[ Key words) Throughfall, Spatial distribution, Natural hardwood forest.

I ﬁ'JFél

PR USRS T O O » DT AR S TR =

» SN 1% F IR PSRRI SN ) P IR BIREH L o f
GANESEINES MR TN SR WA 72 S Vi vl R e T g e WE S L
=R A Z R il e -

HTEF ENHEHEL R Rothacher(1963)JEf~‘%‘;[ES‘ﬂ'ljiﬂf?[&g 5 LR AT T ]
F5T 3 L  OR B LA ST PR PRI 750 - 92% [ TP EI AN -
TR RO o AR R G 200 mm ) R > AR R
96% - Helvey and Patl’iC(1965)jf{\ﬁ\[E5ﬂl_/pﬁ[jéﬁF[ffﬂn‘"TégF\J@Z‘EH SR RS fRpo



2010 AebtE FBRAEFIPTR 1:1-16

2y

T8 ﬁ%l a3 F EI[19 90% - Collings(1966) i i b5 ) 2 S 0 F [ 1 - 14
TP 73 SRR AT ) - 15T PURIORT Y TR B
EAURTFE £ 7D o Eschner(1966) B HH-7 - #f 2 & [ 55 rﬁ’ﬁj I BRI - B TRy
Pt A4 £ ) - Rogerson and Byrnes(1968)MH 3| = YRIETR P42 & 7 AREETEFY
BV 1 SRS E AU TR A LR [ R Y 900% 2 B EEF - SRy1 ) Rogerson(1968)
PASHA Toblolly 42 * = G o (S S T 11V I+ SRR (ST a5 B -
ONI(LO72)3% 17 F A= BT T » A1 A T 15 SR B 85 -00% T -
Mahendrappa and Kingston(1982)4% 1+ [l % ﬁg’ﬁfﬂi‘%ﬁ FI%*&F:J— i ’}‘%E'J?EE! =
FRJE!REERE T [V B R BRI TE Ry o HOEFRNE] T ‘li’ff Bl zr?ﬁﬂﬁ*é‘v[
T St B TR o = T RS 7 Rl S S B BT
Schmid et al. (1991)g i 17 A £ Eh i AT T N BT PVRYART 9§$‘A'TUF"§!§’E
il A PR A PR 2 TR R BT B

é Fﬁ%ﬁiﬁﬂ& 155 rrfJEI J%ﬁﬁlﬁ‘}ﬁlf%’(ﬁf\rEF¢ @T[J Huﬁ(lQ?O)}%Kﬂ‘j [ﬂ [ %@Fu
Z[]53 ) » Thy Molnau et al.(1980) fi [k & *Fﬂ“ 53 T P R 1= A
SN fféliﬂ%&?{f > Roth and Chang(1981)j%r]‘ff7[<u Y% ENFHIE - Bastin et al.
(1984) /& B FF B4y & Eﬂj [ [y 2 [H] 05 1 pu sy A BV E fel o Lloyd and
Magues(1988 F?d%a‘ﬁ'\ﬁ%ﬁ&}ﬁf%ﬂf%p R TH] 5 AR i S op e T R R
f}f.gl‘gﬁ o JTE e I BYIEGRFE vk 55 A R o 2 iR e R =1 F Y 5y (Dingman et al. >
1988 ; lIsaaks and Srivastava > 1989 ; “B"ﬁd@ 1993) Lin et al. (1997))5" R\
Fta (R AV E SR FRRE S SRR %*ﬁf*é%
R e 10%&% 143= 20 {[sZVEL{fl - Rodrigo and Avila(2001) &[5 4 #124
15[ J ;Uﬁ T& [ ENRIRGE 7] 17” 10%fF - ?%‘gﬁ 9-11 VAR » T [ A %R -
A5 23 ]H?V?E;@ - Gomez et al. (2002) # ?&{T\i[ *Eﬁ@#ﬁﬁlf@ﬁgm;ﬂ:ﬁﬂﬁ
Uik £ %ﬁ ] R AR RS R T -
LTI J@F’?ﬂﬂﬁ‘ﬂ? H’“ G AR L1 EYALICE R E S I M A
TS AR R R F U EE E PR e S IR e A I%fﬁ'l’
ETHT AR5 R B PR AT R R R R ﬁ7%‘@é?:\ﬁﬁl%%§é
T BRI Sl 7 U I B S IR B TR ot

S

\1

4

!

Jﬁ z%



HRLE o SR P T 53 R 1

0 ~ FPR[EHE

(1)BE HFEEHE)
st PPEER T AT R YR METEE R ) ﬁ’%ﬁ%iﬁ@‘?ﬁﬂé’ﬂ 7]
fro = F TSR R 2181.3 mm > 3 F] = 9 F|pu T SRR 1?@4»_} 100 mm - |#‘T
F [ EIAY 89.3% 0 10 F] =44 2 F[fY ] IS[REF EL DA 100 mm |th F [REf El
pJ 10.7% -6’ Eﬁ:&ﬁi*[ﬁ*jj | 405 mm - 12 '] Eﬁﬁ*[ﬁkjj 631 mm > 1 FHE A EERY
£l 713 mm > 3 [l AR ED 808 mm > F T ISR 20.8°C 0 &+ T ESEAGE R 1032.9
mm > 5T ISR 85.6% (435 > 1997 3 LS > 1999)  PYRTELFTE [L I
SV AT FI AR ST [ (e O B A % TR SRR A
T ISR b SRR IR R (RS 1978) -

QISESEINE S Bl
,W%ﬁ%«W$ﬁww»mﬁﬂwPFﬁ&mﬁmﬁ%ﬁéﬁﬁwﬁmlwmrm
47 iR 324m* iﬁlﬁ‘%%'i'fp' » T RFEE AR TS R T PR YRS E&JTFIJE%ZF‘E
150 m o & G J*‘:JLJ%"FF[ 81 (N Bl ] o AR TEREIRST BT 2 iﬁ
RO L AT W RO DRI Bmwmraﬁn
S PYEETSE B ) AR5 20 om PUEFT t’j;f] 1o ENHIATER E -
P IR 2 m - 955 9% O T I B -

() 2 75 ZREAE 2 A5

SYRRESE P T P EREAE  AERIET T 72 (Cryptocarya chinensis Hemsl.) ~ 7
% (Schefflera octophylla (Lour.) Harms) ~ 1J}%1“ | [A] % (Actinodaphne nantoensis
Hay.) ~ "% ¥4 Ei <" (Neolitsea variabillima (Hay.) Kaneh. & Sasaki) - Fﬁﬁ
(Cinnamomum randaiense Hay.) - ##5(llex formosana Maxim.) ~ |1 [ 4ff|(Diospyros
morrisiana Hance) - =3 7 #4%(Pasania brevicaudata (Skan) Schottky) - /[] I %A
(Castanopsis kawakamii Hay.) ~ 5" "/ (Syrax suberifolia Hook.) ~ ft-J: (Elaeocarpus
sylvestris (Lour.) Poiret.)Z 5= - lﬁﬂﬁﬁaé A pIEL N s B T '?JJE";%EM | F]
oy i S1AR(72%) 4 10 em » 11 4(15%) % 10-20 em fi] - 5 HE(7%) 1 20-30

m [ > 4 F(B%) 5 30 om < JJRIE o HL MR S ) Pt
F;—; BIEL A o



2010 AebtE FBRAEFIPTR 1:1-16

(IV) & T8 BHEIRYR 5 7
QEI l—j‘ﬂerFJ[ZRFIJ F[@[p I ?(”EHEJT [ , E{ﬁ,ﬁj&ﬁfgﬁjilp IF[J
TR E B 25 [E'H ﬁ“glﬂ\ TRUSE YRR A ED Eﬂﬁn:j]}a RENEIEES

TEf & =fmf AR pﬁﬁwapﬁﬁﬁﬁm-W%E%WM;F%FWE*HH
BV =R BRI LR P B L T PRt IR 2 fh ]

Fi

—

T WWﬁwﬁﬁjmmp%gwaﬁ < BRI RAR © F T B
a%@ FIBTEFYE OB TEA > ST I SURFER [0 & #0
%%%%*ﬁ@»ﬁﬁﬁEWﬁwﬂﬁﬁwﬁ@%@mM@
«ﬁﬂwﬂw@>%ﬁ[w@ﬁ% P TR [ P 0 0 BT R
RS T P BRI -

: E’tﬁﬂ'&??jlﬁ

(I )WTS"F"JZ?’ il >3 fr ! (el
[E[I 20 cm [ EJ [Fi EI(EUﬁ‘h+é9f » EIF jﬂ F}Tﬁa%ﬂf (sl » [EF:%{EU[
e 100 mm fl Jﬁiﬂés[ _‘”\;L-lﬁj/ 20cm [ 1y E ’F[ Elzﬁﬂﬁi‘ ﬁi‘_% |57 T %@ﬁl [ E‘JZT[Jii/ 1.
A1 IR R TRRY ST R 5 .

Table 1. Coefficients (range) of variation in throughfall for natural hardwood forest
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Fig.1 Spatial distribution of throughfall with orifice of gages in diameter of 20 cm in
natural hardwood forest (1997, 6, 5,)
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Fig.2 Spatial distribution of canopy density in natural hardwood forest.
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MULTIPLE SILVILCULTURE SYSTEM AND
SOIL/WATER CONSERVATION

I-Hsin Liu*  Chiung-Piau Huang?

[ Abstract] This study was conducted at the Taiwan fir plantations established in
1980s at Taimalii research centre, TFRI. Focus on the relationships between plantations
condition and soil/water conservation, growth parameters of Taiwan fir and natural
regeneration trends of under-growth hardwood were investigated. Meanwhile, the
dynamics of penetrating precipitation and soil erosion/accumulation of different sites
were monitored simultaneously, the results of the study showed that the growth and

canopy condition of plantations will affect the natural regeneration of under-growth
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hardwood and the relationships between soil erosion/accumulation dynamics
andmultiple layer structure of natural regenerated hardwood actually exists, these results
implicating that silviculture practice including thinning and pruning can stimulate the
natural regeneration of under-growth hardwood to create a multiple layer structure of

the plantations and furthermore enhance the biodiversity and soil/water conservation.

[ Key words) Multiple silviculture , Natural regeneration, Soil and water conservation.
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Table 1. Basic data of Taiwan fir at three study sites

B FEBr T f4dbh(cm) = St (m) m@@mﬁlﬁl(cmz)
A 110 311 18.9 95,957
B 146 28.7 18.7 101,674
C 72 23.9 17.6 50,837

2. A BRAEAEEME T TS KRR S ES S R A
5 ~ (1 2RI~ B~ o B e S AR RS -
AR R 381k -

3.4 B GhAl S e~ ALY EAE ~ (AR AR s TR BRI
FERN RER AR ARREERTALPR

4. ¥ C Eﬁ;ﬂEl%ﬁ{:’_‘Uﬁim\gmH\ LI}E" LN ”‘ﬁf‘ Ej EL ;f‘];[’&f?\ Jﬁlrfju N ’ N
G AT U SO IR NS SR A . RS (R yﬁﬂ‘%?'
<0 R AR B PR S = ST T BRS8N RER TS - Atk
Byt o4tk -

5. = b [ P B SRR A2 -

22 BB IREIFRER L £ YR

Table 2. Basic data of natural regenerated hardwood of three sites

BB BFS B Tiudoh(om)  TISBEM)  REASE MM

A 19 38 13.1 8.9 8,929
B 15 41 8.9 5.5 6,187
C 28 94 7.3 5.6 9,406

6. = *Eap?ﬁw AR ESE S ) B KR (0.94) - ARV (0.92) - ClB v R
(0.88) » {fyREBE Ml A1 RS [T Clok K3 4 (0.12) » Al + 1 (0.08) » Bl
(0.06) -

(IDREF) & B T8V BRI 22 B B

I (1975 28 [ ERE SRR > RUILEE FOT B D

-22-



2010 A5 BT #7:17-26
TR P WAAEIE) VAR A RO S ORI R o TR R
#3 2 L) R -

A3 = BT (RS R R

Table 3. Seasonal dynamics of penetrating index of three sites

R B B FF ¥ p

Al 0825 0948 0991 0998 0.853 0.923
Bl 0.801 1.018 1.000 0.980 0.892 0.938
Cli 0.827 0977 0999 0981 0.909 0.939
14 0818 0981 0.99% 0986 0.884 0.933
F4 = RBIIENE! E R R (Bt :cm)
Table 4. Soil erosion/accumulation summation list of three sites
AR E] B ABh BB CB T
Feb-08 0.00 0.00 0.00 0.00
Mar-08 -0.13 -0.37 -0.11 -0.20
Apr-08 -0.40 -0.37 -0.10 -0.29
May-08 -0.52 -0.37 -0.09 -0.33
Jun-08 -0.96 -0.54 -0.20 -0.57
Jul-08 -0.81 -0.56 -0.21 -0.53
Aug-08 -1.27 -0.97 -0.46 -0.90
Sep-08 -1.17 -0.97 -0.53 -0.89
Oct-08 -1.81 -1.59 -0.95 -1.45
Nov-08 -1.41 -1.43 -0.92 -1.25
Dec-08 -1.61 -1.50 -0.94 -1.35
Jan-09 -1.67 -1.70 -0.98 -1.45
Feb-09 -1.63 -1.55 -0.95 -1.38
Mar-09 -1.63 -1.63 -1.00 -1.42
Apr-09 -1.73 -1.67 -1.02 -1.47
T 14 -1.12 -1.01 -0.56 -0.90
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PR BT 57
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RBHET 1993 % 2009 RIAVIE) ~ SEIRENRIORR] - 3 ATAICI ] - R
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ﬁﬁ\ﬁ%ﬂLﬁﬁ?TE%P%@ JRTRATRE - [ - A R
Wb R IS o FERERER o MR R RO R R 2.1
(F - Hs R ) b SR Rl 2 T 0.48~0.79 » RIZE SS[[HIE ~ ]
AR RS AR - B TR RO AT ISR TR o P
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ANALYSIS THE CHARACTERISTICS OF RUNOFF OF
PINGLIN EXPERIMENTAL WATERSHED

Liang-ling Shen® Ming-chieh Chen? Wen-hui Chang®

[ Abstract] This study is to investigate the hydrological characteristics of forest
watershed locating on the northeast Taiwan. Observed rainfall and runoff data of Pinglin
experimental watershed were collected which to analyze lag time, time to peak runoff,
peak runoff coefficient, and to analyze the characteristics of baseflow recession on no
rainfall occurred period. From the analyzed results, the lag time and time to peak runoff

were significantly related to rainfall intensity, and the lag time and time to peak runoff

"L S BRSPS PR
Graduate student, School of Forestry and Resource Conservation, National Taiwan University.
2@@{*%@%@5&@?4: o PR
Professor, School of Forestry and Resource Conservation, National Taiwan University.
Corresponding author. E-mail: jackchen@ntu.edu.tw
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were decreased associated with rainfall intensity increased. On single rainstorm event,
the time to peak runoff was about 2.1 times to lag time, and the peak runoff coefficient
was about from 0.48 to 0.79 that was not significantly related to rainfall intensity and
time to peak runoff respectively. Besides, from the analyzed results by baseflow
recession model, the average relative error of calculated flow data to observed flow data
was 17.9% by unconfined groundwater runoff model and was 22.2% by confined
groundwater runoff model, which reveals the unconfined groundwater runoff model was
suitable to baseflow recession analysis. Also, the recession coefficient of unconfined
groundwater runoff model was not related to the baseflow discharge on 3rd day behind
rainfall end, and monthly recession coefficient were not regularly change associated
with month by month.

[ Key words]) Baseflow, Peak runoff coefficient, Time to peak runoff, Pinglin

watershed, Lag time.
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Fig.1 Location and topographic map of Pinglin experimental watershed

A1 EHEERE BT (P, 0 1995)
Table 1. Topographic factors of Pinglin experimental watershed

P RR AR TR RN R TIoN TR
(ha)  (m) (m) (m) (%) (m)

48.47 3127 1150 421.5 037 079 552 5173 S15° W
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Fig.2 Weir of Pinglin experimental watershed
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E\jjﬁ;l'z F,g%%“ﬁ@% 1.58~2.41 lﬁﬁ o [AFFERHN I T féi[iié[?:ﬁﬁi@ 40~100 mm/hr piy
Al R RO R 2.0 0 - 475 ~ FRELAOTENR > T IR R
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Table 2. Lag time(TI) and time to peak runoff(Tp) under different rainfall intensity

[E [ 517% (mm/hr) Tl (min) Tp (min)
20 88.8 140.0
40 44.7 82.8
60 29.9 60.9
80 22.5 49.0
100 18.0 41.4
120 15.0 36.1
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FREURy I - BT & 7J<Eﬁ5|ﬂjr— Hﬂpjﬁij@qﬁkj [ 1 o SRR ] F?“ﬁ‘?ﬁi'l’h’f
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Table 4. Calculated coefficient C1 under different rainfall intensity condition
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40 354
60 300
80 266
100 243
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Fig.3 Relationship between the peak runoff coefficient and average rainfall intensity
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Fig.4 Relationship between the peak runoff coefficient and time to peak runoff
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Fig.7 Monthly distribution of unconfined recession coefficient
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Tachia creek. These typical mountain forest watersheds sited on sea level between 2,080
~ 3,422 m were covered by natural forest of conifer and hardwood. The paper is to
analyze the change of stormflow and streamflow, as well as discuss hydrologic
characteristics of mountain forest watersheds. Streamflows at Pilu watersheds of no.11,
no.12 and mainstream were found much more 24 %~30 % during typhoon season from
May to October larger than those during dry season from December to April. Low flows
were usually less than 0.01 cms/km? at these three watersheds from November to
December. The streamflow ratios of maximum and minimum were about 50~370 and
sometimes over 400. Abundant streamflow from surface runoff and subsurface runoff
on the 95" day of year was 0.021~0.121 cms/km?® Average streamflow from some
subsurface runoff and groundwater on the 185™ day of year was 0.011~0.041 cms/km?.
Low streamflow on the 275" day of year was 0.003~0.019 cms/km? and dried
streamflow on the 355" day was 0.005~0.015 cms/km?® These low and dried
streamflows mostly came from groundwater. Because stream storage index is ratio of
dried streamflow and average streamflow, stream storage index is large as dried
streamflow is high. For dried streamflow being seepage from groundwater, watersheds
having larger stream storage index were better stream regulation capability. Stream
storage indices at Pilu watersheds of no.11, no.12, and mainstream respectively are
0.36(0.29~0.44), 0.26(0.15~0.42), and 0.31(0.22~0.57). These results showed that

forests not only regulated water resources but also consumed water yield.

[ Key word] forest, watershed, streamflow, hydrologic characteristics
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ST KB BAT S R A A S R DR AR
AT~ B A PR RESASE DRCV AR - BRI < AR
PR SV LEL et I Dt AR RIS VAR JFVJF?J* \ ?;J*rr ‘
PIFRAPIZH A HOMS o PRl g - R _J ] 1 E A AP = (T [RE
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S

CEPETRS o E PR E [l FrIF iRl h e ”%[pp\ﬁﬂ& ETRE AR o
BFR] s RIS G B E ) B A38Sha o 15% > BIQE 11 E 8ha -
[’F'Té% ; 129%¢31ha - ]’FF,B% » 129R8 S E S PR P DR 2 2 R
[ I 2,116haff84% » SABA(H 2R 2T A 50%E 1,574ha > [{63%
L [ H50% ¥ [E S4ha - I’FF,Ql% ; 119FE R I P29 = i 136ha |’Fh94% > B2l
@*E?SO%?{IO%'&[’WS% PO iy 125 R S A B A 20T ha l'ﬁ87% &
FfIE 450%# 149ha - ['ﬁ62% » [ H50%E ) 58ha fﬁQS% » Ry AT D
DI G SRR ¢ 1R SR B 125RERER G T L BRI
TtE s = HEAGEZ PIITPETDT » SSERDI RV AR » AR AT
L 2 BSFIRIEA R o A8 PRE I T DT DN R -
ESURGIE AT YA 1 RIS B 125K = RV IR R L A
B BRE TINS5 0 = HE R T ISR IS AR 559 3§ﬁﬁ'
fi%52,080~3,422 m I/ fif] > £ LA B Ay [;%ﬁn J‘Eﬁ& 8B A FJW EFR A
G ,:[FI'IV . @ﬁﬁq@ N lj‘»?ﬂ MV R Ff'” D B <k 83 gl}g[, AL
T BRI+ PORYEI B T B Y R B AR
B R 1% -
1 BRIE I DBV A TR R

Table 1. Quantitative geomorphologic characteristics of Piluchi No.11, No.12 and main
stem watersheds

2REN IR 11 9 RIS 12 9 PRSI
EFfia) A 144 238 2,569
HEm  C 5,335 7,550 21,500
EfEm L 2,450 3,35 11,775
TP ()AL 588 716 2,135
TR AL 0.24 0.22 0.18
wigry 2A/C 0.80 0.72 0.83
TS (%) S 82 74 60
RIS Iy (m) 3,060 3,205 3,422
RS (m) 2,105 2,105 2,080
LI W W NW
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(GO RROSN 532

PUSHREFRIBE (1971~1998 ) B9V A< 5 Garh] - BTG O s 3
Bl o FITHIEE T RSB N SRS 6.5°C 0 B HEE 18.2°C 5 - E R
NS YA > FI T R ENEE 61.0mm~333.6mm 0 T HEE P ENES 2,610.5mm >
FIZA L FI SSR B S5 [ R 58%

LRI HR lﬁl“ I%[f“j(Thornthwaﬂe)Ji%:ﬁL AN ?ﬁiﬁ%@ﬁﬁ'@'{ S PTRITRE
B9 s B AN 2 0 P I o FIRGRI D A iRl - B B

FiEVED 120mm » fh RV ARl =W AR frh! - RIRN =R R - AR
Bl GolR =0 FIF R IPENT Wﬁakg@ﬁ GIRES NN LR o
P IR AR BT TR = IR R AR = B
Bl - SR =G SRR — AR S SRR TR =4 P B Rl - PR
f%ﬁﬁéi ) R (TR VARAI=0 o RIS u%aﬁﬁrﬁv F £ 416.2mm >

PITBIE BB [FHET,J ACACEIEL 416.2mm > 4 B[ BIZEHORENED Omm > R

£ 2,194.3mm » B TSR £ 676.6mm © ﬂ¢f¥'§<ﬁﬁﬁ%‘§ﬁ-’f ?i&é@%}ff'\ﬁiﬁ#“
B} - RUFEIETE ~ 1 F] 1 =(1990) ff TR BT B 41 &1 5% 344mm % 342mm -

P s B T [FLHETJ f‘eﬁﬁ?ﬁ VEST-EE 760.2mm FQEUE[J VIR gR R o F BN

£% 1,850.3mm [ﬁﬁﬁ 1% -

F 2 BIWNZPYE T &

Table 2.  Water balance at Piluchi area

|

= IR N N B L B B s B B B BN B R Pl Y-

RGEEIST- 093 089 103 106 LIS L4 LI7  L12 102 099 091 090

TEARRC 65 79 110 141 161 175 182 175 167 150 119 80

WEASECE 51 76 188 342 502 603 677 592 485 368 199 79 4162
B Fy EO100.0 2400 237.0 2341 2955 3336 2674 3115 2953 1574 610 687 2610.5
%5 B 352 361 570 635 605 665 861 733 669 582 389 344 6766
HESECE 00 00 00 00 00 00 00 00 00 00 00 00 00
SHCFAEL 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 14400
[EZRERE 51 76 188 342 502 603 677 592 485 368 199 79 4162
o B 00 00 00 00 00 00 00 00 00 00 00 00 00

#| - B 1039 2324 2182 1999 2453 2733 199.7 2523 2468 1206 41.1 60.8 21943
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()~ BETEERE A

FEUER1995~2001  BUBGE 11 B~ 12 B = I 51UV BRHIAYR] > 3 & G

FITR B [P RIETR LE  = B R AR o SR 2 =
e 3o 5 [ RIENE AT 2,278.5~4,585 mm > 11 BEE <= Jhi 13 1,251~4,062.4 mm
ﬁﬁﬁﬁgﬁtﬁ' £b 522.6~2,286.9 mm » H 12000  BGE 1 R B RYAE  F Y EIEL 4,585
mm > IR EEETIAYE o R 4,062.4 mm lz_ff P15 89 % - F'EngﬁT i
B e — PRSP 47%~65% » 12 BRE 7Bk F JElET 1,378.4~3,183.6mm a%aﬁﬁr
JEFR RIS 72.8~1,817.9 mm > FTH11996 & Bl {51 > & fhiioh i 2,691.7 mm > &
PRESAEL 97% - IR FAE s DRI 51-72% o A AN 1,099.3~
2,739.9mm > FAFFHHR RN 1,018.8~1,950.7 mm » SERE=H T 41~62 %V H] o P A
AT BT ATH IR R ELY PR 7196 S RUN R 2R ifivf'%ﬁé.y
B o FEENS T RN I BRI o ERER BN SPVRE -

2. BIRE 119~ 12 B2 Piporhd B £ £ E| A1 (1995~2001)
Fig.2 Monthly rainfall and streamflow of Piluchi No.11, No.12 and mainstream
forest watersheds (1995~2001)

-52-



2010 A5 BT £7:45-60

2.3, BIRNE 115 1255~ 2 Phaehhe 155 el

Table 3. Annual rainfall and streamflow amounts of Piluchi No.11, No.12 and main stream

forest watersheds
B PRI 19F PRI 129F PATERIE
F 1 () JhED FEFRE VRS B RN ERRES RED R ERE
(mm) (mm) % (mm) (mm) % (mm) (mm) %

1995 2278.5 1408.7 869.8 62% 1423.8 8547 62% 1099.3 1179.2 48%
1996 2764.5 15503 12142 56% 26917 728 97% 11256 16389 41%
1997 2739.5 1650.9 1088.6 60% 1876.3 863.2 68% 1354.8 1384.7 49%
1998 44455 2878.6 1566.9 65% 3183.6 12619 72% 2739.9 1705.6 62%
1999 2688.0 1251.0 1437.0 47% 1378.4 1309.6 51% 1669.2 1018.8 62%
2000 4585.0 40624 522.6 89% 2767.1 18179 60% 2634.3 1950.7 57%
2001 4302.0 2015.1 2286.9 47% 2588.1 17139 60% 2528.7 1773.3 59%
1995 £ ~2001 £ BITBE 11 98 ~ 12 P22 0= & M V[ F 25 5 B E
ke 45 55 Tfrﬂjz}gﬁﬁﬂ'[ TS 11 B 3ZEE S 63.199(53.4~72.4) > 12 Bk 70.49(55.9~
82.0) » = h= BB ED 53.6%(45.7~70.1) ; %‘Z’?Eﬁﬂ"fﬁ«?g’i 11 BV ERSES 39.6%
(28.5~49.5) » 12 BEEE 39.396(29.0~48.1) » = = & Bk K 54.696(19.1~87.6) » 4| =
5 LU SRR B E PR B+ Y ORI B OB 24~309 » 7 AFFIPS
BIIERIRIEI S o 4 PFP RO 8 At B BT
SR e
A4 BIRE11H 120K Y BV SER SRR

Table 4. Streamflows of Piluchi No.11, No.12 and mainstream watersheds during rainfall and
dry seasons

FF (5EI~105]) FF (1L~ E 4R

FOPE RIS RIS RIS B BIENEIL RIREID RIS
(mm) HRmm) Fmm) F(mm)  (mm)  HEmm)  BHmm)  i(mm)

1995 13245 9135 934.7 6409  799.5 2834 232.1 2343
1996 1881.5 1230.2 1998.1 893.8 9420  393.1 1110.5 180.2
1997 1848.0 12924 1234.0 9475 23825 9555 979.5 1517.8
1998 2000.5 14485 1640.9 14014 619.0  722.0 772.6 358.5
1999 2038.0  984.8 1138.7 1253.0  1999.0  570.2 616.6  1191.6
2000 2486.0 3283.9 1857.1 12633 13565  576.7 046.3 1188.4
2001 3113.0 16609 2260.2 1421.3  1013.0  501.9 487.6 659.9
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GG VR TRV U R B E 6&4{54 (1986) JJ?TEI?@xllfﬁDlQ
i ST IER S I AR ST TR JI}J[. Ry
(1990) 73 Prt s 115+ 12598 {fit& - J‘Ehﬁu24|[nﬁfm%§\ =k EI@KIIWT125FF
& 7T‘Ehﬂi a7k EII}JI o (A SEITBIE 18R 12855 ~[< B '/ﬁfl[ @%“ -l%%[n:
el ﬁfﬁfﬁﬁfi EIPUEIER B > ST)£535.6mm ~ 36.5mm E'?ﬁ@ﬂf‘ﬁﬁht VAT
SUE | %Ay o R EEE40mm ) P?ﬁ RSN F > TR B AR
w0 YRR T U R o R B 20mmf IJELEE; wffé%fk FSEE PP ELR Y
T POREE o R R %?ﬁﬁﬁﬁf%ﬁkru [ E—‘UlOmmﬂ“#'ﬁ il
B 2 o iR R DAL T B2 300mm ) Faii T e B 1 3
50mm/h > % f Jﬁ i ?ﬁ“‘%ﬁﬁ'&‘a [k B RS ”@13@@ ’ I#‘Syﬁﬁf‘f SERE N
b1 7 (s B R EJ?E”*" 12 (Chengetal 1978) ’ﬂ:T FBEHIE TR -
5 rﬁ%ﬁ%dﬁﬁlmiﬁtwﬁl (SF) “;i!i}lF'qél;V[fl'éﬁﬁEan?"

Table 5. Linear regressions of storm and stormflow on upstream watersheds

C Ol P = I TR = 2 B R
UT S SF1=0.24P1:-8.55 N=27 r'=0.873 iR (1986)
HUBE 12 91 SF1»=0.38P1-13.86 N=30 1’=0.935 ;ﬁ%‘fﬁﬁ (1986)

HIRET 12 BFEF 11 9K SFo=1.407SF+0.881 N=24 r'=0.989 EFEESE (1990)

USRI TS 11 B~ 12 B 2 B S OB R > 53T 2000 £ R 2001 5 ]
ﬂJi”T‘ IR ~ B~ A7) ﬂJ* T N fﬂ k1 FEs(hydrograph)  [HIATEGTREC =
G B S RGO T o PR AR 51.5~923.5 mm o S E
é'py b 8.5~69.0 mm/hr ﬁﬂ S NES I {?%ﬂ[l#« 6 > EITESE 11 B B £
0.057~15.123 cms/km’ » EIBE 12 9£0.114~5.927 cms/km’ » BI#E = 155 0.114~6.757
ems/km’ > BTTREBIE 11 BFE <G I/ ORI A » = YRE < | o BT R
BRI (5/13~14) ~ B BEIEE (7/29~31) ~ 57 [FBG'EE (9/16~20) » [ &1 £% 51.5mm ~ 564.5mm »
229.0mm > PNRIPEZE! o R ED o B2 > FU B O RIS 1T BRR B
FLURED TS 12 B 2 G AT o N U R IR S R 11 PR T
VAR P12 B 2 3B i< T 7] 22000 F I ZF[ETERE (8/22~25) [ Bl ET 923.5
mm - -+ TR G R o RS B VR E B LR~ D AT R
PR EI T 2 o PR R S E ] 6Ommvhr 0 18575 7 HEEITJ9E > SRRAY
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ABN S SRR | o A QLR QL LR TR R
AT IS > QuIQy E ] o Sk B S LR T o T I
P RSAL I~ o PSSR AT AR T A o S A R - L
Wkl o RTERRIENG 11 BES12 BT b N o YIS BRI R Y QuUQs P -
I SRR BE 11 <12 B B AT > Qu/Qu F= il RIS [ i 2 e ol BT 11 367
U B T BT B > At S A BRI B SRR L

A6 BIBIE 118 129092 Wi B HERE « FRE! - Q/Q

Table 6. Amounts of peakflow, baseflow, and Q,/Q»ratios of Pilu No.11, No.12 and
mainstream watersheds

FL JEI P FLIFRET 195 -k LIPS 25EE ~I<T6h U ST S

R[E o

B POERED AR WO e VAR AR
emskm’  cms/km’ cmskm’  cmskm’ cmskm®  cmskm’

AFIET

822-25) 9235 69.0 15123 0.018 8402 5927 0014 4234  6.757 0.035 193.1

-

7 IEiE

(5/13-14) 51.5 85 0057 0019 30 0114 0027 42 0.114 0.045 25

ﬁy —F[}

an931) 5645 630 1.272 0018 707 1.851  0.016 1157 1319 0019 694

1P %J
©/16~20) 229.0 19.0 0.091 0.010 9.1 0.129  0.017 7.6 0.143 0.025 5.7

g R
©O27-30) 730.5 345 1178 0.029 406 1.523 0.057 26.7 1.129 0.048 235
(@) + 8 B PR

’F, IR [] s o B A (LR TR F 5 =10 PPV S Ay e [
F'HILJ%“F*'E‘ G~ R B B R - ﬁﬂl’ﬁ“&j Hlm RPN R
Tt DTS ERE R O FlJii_%ms/lqnzﬁ&lOAcms/lqn(fﬁf
FyTe o 1990) i3 10 F IR R R R D kn*ﬁﬁ’ﬁﬁjﬁW%ﬂ#EW
PF 1B AR S 1L 12 P RERENR S > F RS @ (S 00lomshan < £
TR SRR VTSI E Eﬂjf{ ’1|;j500’ AR R T PPV - S
e RN BT P L = f{ i 1000 > xﬁﬁﬁﬁ,?ﬁ (SR EIUEE 1A
[ PP I b R (= FFRL 1974)

BT 119K~ 12 9000 8 I 24 D b > 5 B
BIEF o A B ~ T (S AL |1 Sl ) )
£50.021~0.121 ~ 0.011~0.041 ~ 0.003~0.019 ~ 0.005~0.015 cms/km” © & 355 E'ﬁﬁ
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APREI T B R A E o R P
fio BT A A=l 15 0.005~0.015 ems/km? E5 2 1929 | < I HE A EL
FIESGEi o B9k S 5T 95 FIEIEHED 0.021~0.121 cms/km” » 1k
11 PRE AR >12 PRE BT B B 2 IR R R T S B
Py ol > BT 185 [T AR ER 0.011~0.041 cms/km’ » (S HiHE «;ﬂ@
FEIEY R BT 275 FHEASRE! £ 0.003~0.019 ems/km’ > A <&
= EIERES ARl > BT 355 U £ 0.005~0.015 cms/km” ©

FHT A A A99D I AR B RR] > A FI [V A VAR
W > PO ES 142km’ > BRI 2 70 |17 BB AL S | [ B T
R BB P 3 7| 2 1 el o AL R ERELYE > E
PREIZED SRRV Tl I BRSNS o P > B R J‘
iU ?%;ﬁi?%‘ﬁ* AT I o BB A A 2,13 (1.7~2.7) » 11 9EL
2.32(1.7~3.0) > 12 353 2.32(1.6~3.6) » F14 447 [ 58 1.75 (1.6~1.9) » - [ 14
B4 [ Bb e BT ARIRRTE RIS B I BB [
TeZ o FLEIARD L3 o SRR - SRR A T frp“[ ik
BISE YR BV P o RMEVRIR PR o LT AR T A
PBI e P A BEL ST ] B R T t+ o FIA
F 015G 045045~048) » BB A G 0.310.22~057) 0 11 BE D
0.36(0.29~0.44) > 12 %5 0.26 (0.15-042) > W ifges [ 45 1> & [BH7 05 -
A AR Pl RN R R HFJF'EJ AR A SR B AT
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F7 B HIEESS 2IRIE 11 BF - 12 310 2 Jh R AT RIp

Table 7. Streamflow of Piluchi No.11, No.12, and mainstream high elevation forest

watersheds
S B (CMS/Km') (CMS/Km) (CMS/Km) Wl

Bl 8 R EMRE BRE TRE [RE (SR
J350F1 BI9SET BT140F1 ST185F! 53230F! 23275

tmtm

4o e g 7[?"[*{*%{ (CMS/
[ BT320F" 57355F" Km’)

T

1995 0.078 0.058 0.045 0034 0025 0017 0012 0011 0.045

Bl 1996 0.073  0.039 0.028 0.021 0018 0.015 0010 0.009 0.049

1997 0.091  0.059 0.037 0029 0022 0016 0.012 0.010 0.052

11
5;: 1998 0.170  0.101  0.050  0.034 0025 0.019 0014 0010 0.091
g
- 1999  0.048 0.038 0.030 0023 0018 0.015 0.013 0010 0.040
7= gk

2000 0.237 0077 0.042 0030 0.024 0019 0.012 0010 0.128
2001 0.085 0.059 0.040 0029 0021 0016 0014 0012 0.064

1995 0.084 0.056 0.042  0.031 0022 0014 0010 0.008 0.045

B 199 0177 0121 0.063  0.034 0.019 0.008  0.007  0.005 0.085
1997 0.094  0.060 0.047 0039 0.027 0.017 001l 0009 0.059

12
g;:g 1998 0.205 0.095 0054 0031 0023 0018 0014  0.008 0.101
I‘; 1999 0.067 0.039 0028 0021 0016 0013 0011  0.008 0.044
1= g

2000 0215  0.069 0.038  0.027 0021 0017  0.011  0.009 0.088
2001 0.108 0.076  0.058 0041 0022 0012 0.010 0.008 0.082

1995 0.08  0.045 0030 0019 0010 0007 0001 - 0.035
B 1996 0067 0.021 0016 0011 0011 - e e 0.036
o 1997 0.050  0.043  0.035 0.016  0.001 0.003 0.000 0 0.043
j:; 1998 0.156  0.057 0.033 0022 0020 0013 0009  0.005 0.088
S 1999 0078 0.044 0033 0026 0020 0019 0018 0015 0.054

2000 0.126  0.047 0.032 0027 0.023 0019 0013 0007 0.083
2001 0.125 0.078 0.055 0046 0.042 0038  0.027 0.007 0.080
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E-'fﬁds’;n%f SFu=0.24P11-8.55 N=27 1’=0.873

RIS 12 B SF1:=0.38P12-13.86 N=30 r’=0.935

HImps 11 93 1298 SFie=1.407SF+0.881 N=24  1r’=0.989
AUHTPS AR B (mm) > SFu > SFo AR 11 9 12 BER A VB i £l (mm) -
RIS 12 R RIS 11 B BRI - RIS 1T BRERIFE] - B
FVREIF ]« 8% VRN O@ITYEL + 53555 35.6mm 2 36.5mm - GG £
AABEE S F BEET » R EDEE] 40mm [ F e g & -

MBI PRI 1
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PAIFR1971) BUBQEE B A FYP o [l 4 S - 2(1) - 49-78 -

RIS (RS G0 (1999) P ELTIET 104 U pp343 -

(HARIET(1980) 198 206 - B BVR] I Vs« HlIBsd (=S8R o
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Dunne T.(1978) Field Studies of Hillslope Flow Processes. In Kirkby MJ.(ed). Hillslope
Hydrology. p.227-293.

Hewlett JD. and Hibbert AR. (1967) Factors affecting response of small watersheds to
precipitation in humid areas. In Forest Hydrology. p.275-290. New York:
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Cheng JD. (1989) Streamflow Changes after Clear-cut Logging of a Pine Beetleinfested
Watershed in Southern British Columbia, Canada. Water Resource. Res. 25(3):
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Investigation on temperature regimes for air, streamflow
and top soil layers in riparian area of the Harpen creek

Shiang-Yue Lu', Liang-Shin Hwang? Ho-Chiao Fu®

[ Abstract) Temperature is an extremely important factor in the ecosystem. It plays
an important role in soil chemical reactions, physical characteristic development, and
biological interactions. Therefore, it exerts a major influence on biological activities
and growth, water chemistry, soil structure and aeration capacity, decomposition of
organic matters and phenomenon of phenology. The primary important temperatures
in forestry ecosystem are air temperature, top soil temperatures and stream
temperature. Those temperatures in ecosystem affect each other and vary temporally
and spatially in response to changes in radiant energy, thermal and latent energy
which take place primarily at the soil surface. However, previous studies were mostly
concerned with air temperature, soil temperature and streamflow temperature
individually. Every limited works in investigating those temperatures in the same plot
have been carried out especially on a forest environment. The authors has recorded air,
top soil layers and streamflow temperatures at the Harpen Creek of the Fushan
Experimental Forest of the Taiwan Forestry Research Institute (TFRI) since 2005 and
accumulated more than 5 yr of continuous records. The results of analysis of those
records have shown that the average yearly temperatures for air, streamflow, 5¢cm soil
layer, 30cm soil layer and 50cm soil layer during the monitoring period were:
17.7,17.6,17.9,18.0and 18.1°C, respectively. The highest average monthly temperature
for air and streamflow were occurred at July, while that for soil layers were occurred
at August. The minimum monthly average temperatures for all monitoring items were
all at January. Air, streamflow and top soils layers have nearly the same monthly
average temperature about 16.5°C in the month of April for the Harpen creek drainage
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basin. When air temperature was lower than 16.5°C, streamflow has the highest
temperature among all monitoring items, the second higher was 5 cm soil layer. The
yearly temperature fluctuations for all monitoring items were significant, and the rank
of ranges of yearly temperature changes were air, 5 cm soil layer, 30 cm soil layer, 50
cm soil layer and streamflow. Air temperature has the maximum magnitude of
changes within a day for all months, the second is the temperature of 5 cm top soil
layer. However the maximum magnitude of daily changes were less than 0.5°C for
soil layers deeper than 30 cm, and this indicated that there was only a small and
insignificant changes for temperatures of deeper soil layers. In addition, the linear
regression relationships for air temperature versus streamflow temperature and air
temperature versus temperature of 5 cm top soil layer were also established in this
report. Hopefully those investigations will provide knowledge for riparian of the
Harpen creek.

[ Key words]) streamflow temperature, top soil temperature, air temperature,

Harpen creek
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Table 1. Climatic conditions for the Harpen Creek station
(January 2005 to December 2009 )
Total Average) Average  Average Average Average Average
rainfall  daily daily daily relative Discharge radiation
(mm) temp. max. min. humidity  (mm) (MI/m?)
(C) temp. temp. (%)
(€) (€)
Jan 150.0 11.8 15.9 8.6 94.8 0.057 163.28
Feb 200.4 12.6 17.3 9.1 95.1 0.296 178.86
Mar | 229.3 13.8 19.3 9.4 92.1 0.646 243.43
Apr 155.5 17.1 225 13.0 93.7 0.550 240.63
May | 318.0 20.1 26.2 15.6 92.7 2.398 314.14
June | 2834 23.0 29.2 19.1 93.1 6.775 295.70
July | 4044 24.3 30.7 19.8 91.1 4.609 455.51
Aug | 7127 23.8 29.8 19.8 91.7 6.633 353.83
Sept | 9955 22.0 26.2 19.0 94.2 2.066 221.97
Oct 439.3 20.2 24.1 17.4 95.0 0.436 246.28
Nov | 205.8 16.4 19.9 13.7 96.2 0.346 156.57
Dec 152.5 12.5 16.9 8.9 94.7 0.072 166.67
Avg. 18.1 23.2 14.5 93.7 2.054 253.07
Total | 4246.8 3036.87
Table 2.  Monthly average temperatures("C) for riparian of the Harpan creek
(2005 to 2009)
Air Stream  5cm of 30cmof 50 cm of
water soil layer.  soil layer soil layer
Jan 11.76 14.46 12.32 12.59 12.99
Feb 12.96 15.02 13.28 13.53 13.60
Mar 13.59 15.35 13.94 14.10 14.21
Apr 16.50 16.72 16.52 16.50 16.42
May 19.46 18.33 19.15 19.27 19.05
June 21.69 19.42 21.35 21.25 21.01
July 22.87 20.53 22.75 22.63 22.40
Aug 22.83 20.37 22.91 22.89 22.78
Sept 21.67 20.03 21.88 21.97 22.01
Oct 19.23 18.80 19.55 19.75 19.96
Nov 16.40 17.53 17.20 17.54 17.87
Dec 13.00 15.23 13.87 14.25 14.84
Avg. 17.66 17.64 17.89 18.02 18.10
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Table 3.  Maximum and minimum daily temperatures for air, streamflow
and soils at different layers (°C)

Air Streamflow 5cm 30cm 50 cm
Maximum 25.43 21.85 25.02 24.44 24.05
Day of
) 189 197 197 197 198
occurrence
Minimum 5.15 11.76 7.55 7.83 10.22
Day of
15 15 15 15 15
occurrence
Range 20.28 10.09 17.47 16.61 13.83

Y On the Julian calendar with 1 January as day 1.

Fig.1 location of the study site.
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Fig.2 Monthly average temperature for air, streamflow and soils at different depths
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Fig.3 Yearly temperature fluctuations in the riparian of Harpen creek.
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Fig.4 Hourly temperatures of each month for the riparian of Harpen creek.
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Spatial distribution of collapse depth for a grid-based landslide
delineated from changes of vegetation index and DEM.

Chin-Wei Chuang®  Chao-Yuan Lin?

[ Abstract) Integrating remote sensing, geographic information systems and image
processing technique is widely applied in landslide hazard monitoring. How to

effectively extract landslide sites is essential for hazard prevention and treatment.
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Generally, image differencing method is often used for rapid landslide extraction, which
is manipulated by using difference of grey values derived from satellite imagery of pre-
and/or post-landslide. However, actual landslides may include the collapse of bare lands.
There will be a limitation to extract the areas of bare land collapse for only using
difference of grey values. Errors encountered if DEM differencing method is directly
adopted to extract the landslides due to the resolution of DEM, especially dense
vegetation cover usually causes blurred delineation of DEM for the pre-landslide phase.
Therefore, there is a need to extract reasonable collapse depth of the landslides. The
Chiufenershan and Baishi landslide sites were chosen as the study areas. Image
differencing and Fuzzy C-Means Clustering coupled with satellite imagery of pre- and
post-collapse were used to extract the boundary of landslides. Then grids of adjacent
landslide boundary, which stand for no variation in altitude before and after the collapse
event, were chosen as the control points. Inverse Distance Weighting is used to modify
the pre-landslide’s DEM related to the landslide areas for eliminating the possible errors
of mapping. The result shows that the method proposed in this study could not only
improve problems mentioned above but also could extract reasonable collapse depths
and areas for landslide volume estimation.

[ Key words]) Histogram matching, Landslide extraction, Fuzzy C-Mean clustering.
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USING WIRELESS SENSOR NETWORK ON THE
ESTABLISHMENT OF REAL-TIME MONITORING
SYSTEM FOR LANDSLIDE

Yao-Ming Hong

[ Abstract) This study used the multi-hop topology of wireless sensor network (WSN)
to construct a real-time monitoring system of landslide. The amplifier is developed to
build the connection between sensors and WSN, which is then used to transmit the
sensor data to gateway by the format of electric voltage. The gateway, which adopts
the embedded system as the control system, temporally storages sensor data and
transmits them to internet server by using General packet radio service(GPRS). The
sensor data is then obtained by the transport equation between electric voltage of

sensor and physical data, which may include rainfall depth, groundwater level, load
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Assistant ProfesEor, Department of Design for sustainable environment, MingDao University; e-mail:
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cell and momentum of rebar. The website and database is also built to supply the
requirement of real-time query. This system is installed in the landslide located in the
downstream of Wu-She dam. The solar cell is used to provide the enough power. After
a long term verification, this system is still stable, so as to apply in the environmental
monitoring of hillslope.
[ Key words) Wireless sensor network, landslide, environmental monitoring.
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Listening status

Listen Port [22 Stop the port Listening now.....

Content of listening TP

Wew connection on 2009M08/04 08.57.08 27273231132 Liskening Sock |
Wew connection on 300008/04 07487332 11413648233 Listening Sock 3

Content of receiving data
Ayea Station Mo Diata format Value  Date Time Counter Vuhﬁge of battery TP address
CYLCW 1 hour 0 3008- 8- 2 14:035 250 16.404007) 114 136 36206
CYLCW 1 hour 0 3008- 0- 3 1501 25 13 gsz?m 114.136.36.306
CYLCW 1 hour 0 3008-0- 3 16:0:3 252 14.5333(T) 114.136.26.206
CYLCW 1 hour 0 300-9- 3 17:0:4 253 143029(%) 114.136.26.206
CYLCH 1 hour 0 2003-9-2 18:0:0 254 135423(Y) 114.136.25.206
CYLCH 1 hour 0 2003-9-2 10:0:2 255 135423(7) 11413626206
CYLCH 1 houx i 2003- 9- 2 20:0:4 1 13.4322(7) 114.136.36.206
CYLCW 1 hour 0 2003- 9- 2 22.0:2 13.4322(7) 114.136.36.206
CYLCW 1 hour 0 3008- 8- 2 33030 3 12.4373(7) 11653 10480
CYLCW 1 hour 0 3008- 8- 3 3502 4 12.4373(7) 11659 10480
CYLCW 1 hour 0 3008-0- 3 004 5 12.4223(7) 114.136.62.110 U
CYLCW 1 hour 0 3008-0- 3 100 6 12,3221 (%) 11413663.110
CYLCW 1 hour 0 3008-0- 3 20:2 7 133321 (%) 11413653.110
CYLCW 1 hour 0 3008-9- 3 202 8 1233221 (¥) 11413621248
CYLCH 1 hour 0 2003-9-3 40:4 D 123221 (7) 11413621248
CYLCH 1 hour 0 2003-9-3 50:0 10 123221 (%) 11413621243
CYLCH 1 hour 0 2003- 8- 3 6:0:2 11 133221(7) 11413621248
CYLCH 1 hour 0 2003- 8- 3 70312 134322(7) 11413621248
CYLCH 1 hour 0 2003- 8- 3 8:0:0 13 16.9554 (%) 11413621243
CYLCW 1 hour 0 3008- 8- 3 901 14 156342 (7) 114136731 248
CYLCW 1 hour 0 3008-2- 3 10:0:3 15 15.7443(7) 114 13631 748
CYLCW 1 hour 0 3008-0- 3 11:0:4 16 15.0837(¥) 11413621348
CYLCW 1 hour 0 3008-0- 3 1m0l 17 15.0837(¥) 11413621348
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Investigations on the characteristics and sliding mechanism of

Fungang landslide

Huang Chiung-Piau’ » Lin Chao-Song? > Hsieh Han-Ching® > Lin Juang-Pey? >
Chou Fu-Shan?

[ Abstract] A huge landslide of about 2.95 ha. had occurred at point of 12.3 km of
Funfgang forest road during Haitang typhoon attacked Liouguei experimental forest in
2005. This research is focusing on the followed treatments to the landslide by studying its
basic characteristics and sliding mechanism. And the future developing tendency of the

I;fﬁ‘ﬁﬁiéﬂfﬁi R A BRI R e - 20 thrihep@tri.gov.tw
Senior Scientist, Division of Watershed Management Taiwan Forestry Research Institute, Council of Agriculture,
Executive Yuan. Corresponding Author.  E-mail: tfrihcp@tfri.gov.tw

2SR T [ BRI SR - P R -
Associate Scientist~ Assistant Scientist~ Associate Scientist~ Specific Scientist , Taiwan Forestry Research Institute,
Council of Agriculture, Executive Yuan.
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area is also concerned. Several investigation items are executed to fit the needs the study,
including boring test ~ soil mechanics ~ photograph monitoring ~ vegetation succession
monitoring. An obvious result has been found out that series of sliding layers existed
beneath the surface of 5m to 19m and its sliding activities were measured as well. It is
expected that the research would be helpful to the rehabilitation of landslide in fields of
forest management and ecosystem.

[ key words] landslide, sliding mechanism ,vegetation succession.
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Fig.1 The location of Fungang landslide
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Table 1. Simplified parameters of strata in landslide area
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Fig.5 The estimated longitudinal and latitudinal sliding layers
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Fig.6 A Analysis diagram of sliding mechanism
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Table 2. The mechanics analysis for sliding blocks balance

B 4 HT BB DxA e dfEET WiSina W.Cosa @ L, C FS.

e H L T I
D(ln)  A(M) W, (m) (ax) (=) (M ()

-1 1.83 243.0 4447 4.5 26.1 195.6 399.4 345 60.1 0.0 140

1-2 1.85 316.3 588.3 5.75 20.3 204.1 551.8 345 586 0.0 185

-1 1.93 688.5 13288 12.75 34.2 746.9 1099.0 30.0 653 065 0091
11-2 1.86 976.3 18159 17.75 30.1 910.7 1571.0 30.0 63.6 065 1.04

11 2.19 945.0 2069.6 17.5 21.3 751.8 1928.2 30.0 58.0 065 153
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Table 4. The top 10 dominate species of vascular vegetation in 2008
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Table 5. The top 10 dominate species of vascular vegetation in 2009

B F1 MRS | AP | Bl
AEE) Scirpus ternatanus 37.93 27.98 32.96
FRERIEY | Polygonum chinense 11.19 14.31 12.75
FBEyGias | Zorenia concolor 6.24 14.28 10.26
I Rubus croceacanthus 5.44 5.05 5.25
g Miscanthus foridulus 5.09 4.17 4.63
BT SEEL | Desmodium sequax 3.43 3.12 3.27
ﬁﬁ Hydrocotyle nepalensis 1.99 4.56 3.27
AN B Carex baccans 3.51 2.87 3.19
FNE Carex liui 2.89 241 2.65
T Preridium aquilinum 291 2.32 2.61

i F 1 MRS | AP | Bl
AZE] Scirpus ternatanus 45.51 36.26 40.89
g Miscanthus floridulus 9.72 7.54 8.63
FRRIEY | Polygonum chinense 431 9.08 6.69
P9ty | Torenia concolor 2.61 791 5.26
Wb IR Desmodium sequax 4.69 5.15 4.92
I Rubus croceacanthus 3.72 4.36 4.04
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Dynamic Change of Landslide Susceptibility in the Lien-
Hua-Chih Watersheds

Yung-Chung Chuang® Shyue-Cherng Liaw? Jeen-Liang Hwong ®
[ Abstract) The analysis of landslide susceptibility in mountainous watersheds has
become the focus of watershed management and soil water conservation in recent
years. Consequently, many assessment models based on quantitative digital terrain

analysis have developed for related applications. Respecting the unavailability of
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the relevant factors collection of landslide prediction and the nature dynamic changes
of rainfall and landscape, this paper presents a GIS-based modeling approach that
includes grid-based Soil Moisture Routing (SMR) model, infinite slope model, and
Monte Carlo simulation with probabilistic analysis. The SMR model is a daily water
balance model that simulates the hydrology of forested watersheds by combining
climate data, a digital elevation model, soil, and land use data, that is commonly used
to quantify soil moisture, saturation excess overland flow, and subsurface flow. The
infinite slope model is used for slope stability analysis and determining the factor of
safety for a slope. This integrated approach of dynamic slope stability analysis was
applied to the Lien-Hwa-Chi watershed no. 4 and no. 5 located in Taiwan. Reversal
educing method was also used to calculate the soil cohesion and root cohesion
through the real landslide situation. The results showed the proportion of susceptible
and non-susceptible cells changes spatially and temporally with effective precipitation
and soil moisture. Besides, the factor of safety is strongly influenced by slope, root
cohesion and soil cohesion. Such dynamic model-based processes could be used to
present the great effects upon landslide susceptibility of rainfall intensity, and help
decision-makers to choose the most suitable land use.

[ Keywords ] Landslide susceptibility -~ Soil moisture routing model -~

Infinite slope model.
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Table 1. Rainfall indexes related to landslides
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Fig. 1 The process of rainfall-induced shallow slope failures.

-133-



FRoRL - REEE A Y B S R [

—.n

Phe T B AT AL S R @fvpawﬁ:-w
(REFZE > 1995)  (BF) ~ S B/l i ™ o 4 i A
f;g[,%,gi—&)—’ﬁ*lﬂgi,&/ﬁl/ ERL I 1) TR (R i AR R
L AP ﬁﬁ 4 B S S L] SRR IR R -
PP At T T T ﬁkrf% HEIAG ™ REHMAR L W
T SRR R R IS S T A2 AL “%‘y; R
e SE <o ENGEE R IE

I~ PR R

PRI IR FRERAE E I 4 B U 5 BER S EL o RyR
SRR I ) RS BERYE  BYRTR LR (O SR
BEJ?[FQ ) f-&;@jrfgﬁ’u’i@u A FE AR E u?’:g} Fol IR T = PR
FEES |1 IR J?@“'\{?[T@f’rfj,{?[ﬁﬂﬁgr, 1A E e 6 ,;:ﬁaﬂﬂﬂlpg o 'fE'F'
?lmwlz o psz NS BehE g Fg‘g&&'@’?gﬁ#[ Mt Fg,’t;"%*/?l TEr %

T R TR SRR R o (Y e ) AT
fH?[(F ST 2000) 5 b R SR Y 4 BEEE S DR CE A BV R )
mﬂﬁ%@d . zm EJJV‘F' uﬁif&(&% 17> 1978) o RN & T IS Bl

£% 2,181 mm > 5-9 F|[EEFH Bk 2 o I#‘* FREEN 78.7% 0 OB ENES 0 10 P =
ﬁ4;”““$’£b’lﬂ1 BB 21.3% » fUAp RIS o S (RN ETEERA 0 (2
W TP > FESEEE 208 C 0 F TR R B4 1,033 mm > F I ISFIEREVE

85.6% (1 ZER&FT > 1997) o S ¥ 4 PRILHC-4)Z" 5 BRE(LHC-5)5 <k =17 55 | 5%
5.86 ha ™ 8.39 ha » ¥&FS [l 147 720 m = 790 m - T EE £ 40% 7 Ty o 3 4
PRE FEAR S LT 30 F E A4 TR0 S SRR IS PR IREEER A

-134-



2010 ARtt& A F T ﬁ]‘ 1:129-150

2 BE W 4955 HR 0
Fig.2 Maps of the Lien-Hwa-Chi watersheds No.4 and No.5.
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Fig.3 Conceptual map of soil moisture routing model.
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Layer Depth | Gravels Matter | Porosity| Water Wilting Point Water .contenta:t conten‘.tat a\;zlalta:[Ie evapn‘tr.ans..pira‘tion Dra.in?ge :::;:::t‘;:: :::adt::lt‘il:l{
MNumber | (mm) Co(r;gnt Co(l;jnt (%) Co(r;gnt ) Capacity (%) fleld;a{gaclty sat\i;jlon co(n;;nt I::g;l)t L(l;:::t (::1::;;;) (h?n:ii;';al)
1 180 5 7.2 59.4 1.5 10.5 19.5 30 594 48.9 19.5 19.5 6653 22334
2 450 10 24 54.6 27 10.5 14.5 25 54.6 44.1 154 154 458 1702
3 1000 30 0.9 35.5 4.1 9 6 15 30 29.4 11 11 46 170
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Fig.4 (A)A balance force achieve of slope; (B)The division of the slide force.
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Fig. 5 Infinite slope stability model schematic.
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Table 3. Evaluation of simulated streamflow in the Lien-Hwa-Chi watershed No.4 and No.5.

EGFHE(Cms) | BaiiE(cms) | £&HE(cms) | Ef

1994F &2 F 0.0039 0.2550 0.0001 0.87

e A 1994%F18-48 0.0008 0.0068 0.0002 -6.61
AzEE KR

EEMAREKE 19944FE5H-8H 0.0094 0.2550 0.0003 0.83

19944F9H-12H 0.0015 0.1200 0.0001 0.98

1994F 2 F 0.0051 0.2601 0.0002 0.80

s _ | 1994F18-41 0.0010 0.0088 0.0002 -5.87

EELSERKE 1994F58-8H 0.0128 0.2601 0.0004 0.72

1994%98-128 0.0017 0.1316 0.0002 0.98
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Fig.6 Simulated and observed hydrograph comparison in the Lien-Hwa-Chi watersheds No.4.

7 BE ¥ 5 R B 1994 F 2 F RRERE A
GE &1V El > BRI E)

Fig.7 Simulated and observed hydrograph comparison in the Lien-Hwa-Chi watersheds No.5.
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Fig.8 Distribution of monthly average saturation degree in the Lien-Hwa-Chi watershed No.4 and No.5.
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Fig.9 Distribution of monthly average saturation probability in the Lien-Hwa-Chi watershed No.4 and No.5.
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Fig.10 Distribution of monthly average landslide probability in the Lien-Hwa-Chi watershed No.4 and No.5. (The

sum of soil cohesion and root cohesion are 0.3)
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Fig.11 The slope degree and the monthly average safety factors in the Lien-Hwa-Chi watershed No.4 and No.5.
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Fig.12 The soil profile A1, A2, B1, B2, C1, C2
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Table 4. The root cohesion of Taiwania cryptomerioides in every soil profile.
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THE INVESTIGATION AND RECONSTRUCTION
POLICY OF TENGJHIH FOREST ROAD DISASTER
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[ Abstract] Tengjhih forest road of 20 kilometers were seriously influenced damages
by Morakot typhoon ultra torrential rainfall. Influence forest road conservation works
and business turn over traffic of the nearby community, directly. It is caused to the
mostly bad drainage and vertical and horizontal bottom erosion conduction by the ultra
torrential rainfall in the forest road area this time, the result cause a large scale
landslides on above slope. Beside to rebuild road foundation on the forest road

reconstruction policy in the future and the gully hydraulic stability in the above or down
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slope of road foundation should also be treated together. In the past the motor and
general bus for tourists in order to pass through, therefore cause the slope need larger
side to dig and fill out and transfers crookedly and make maintenance expenses remain
high of forest road. It must detail consider of reconstruction policy and still keep the
way like this road wide and designing grade in the future. The government of competent
authority should consider and deicide as soon as possible in any ways for the pushing of
reconstruction works so as to favorable follow-up.

[ Key words]) Forest road, Morakot typhoon disaster, Reconstruction policy.

I~ A 1

2000 £ 8 FJ 7-9 FURU o B REERA B (HILTEYBA R HIMIES 8 1 512
1) RS AR BRI ST EN | 3037.0mm » EN ERH i B
2941.5mm M iR 2883.5mm > lr_ﬂ [EIUWF@&L?@BJ sl R Fr’ﬁ[ﬁlﬁ}[gj‘
Py mlFLE& et kgﬁ% 1600 ~ e 4 ’ﬁHﬁiﬂﬁf‘*EJf%%;l wﬁ“ o HEJRC i

FTJIFfA R R FE R 2 (]l J/FTJ?*“‘”A’E éﬁﬁ%ﬁ'ﬁ (A

SRS RIFRE 22 A TS5 S T R ML LR P

BPEE T SRR Y MO R S P ML Ol ZERS TR g
o B R P B A PG R R R T E s R IBE < ok
F A o S N A VR S R e R S T '/E“Wﬁi%_l”“l‘?”égﬁ' £ Tﬁ'
B o [T T ] i A o P B o = RSB o [ RS B 175'2
kR Eab BN (R TN Sl R Bl @ﬁi“u’?%\ » BEIRF A
ALV RE RO = AR - SRS 2 T R [ M%MWEE
e = P55 L o fy’ﬁ&@%ﬂ“ﬁﬁﬁgiﬁﬁﬁxﬁl pe f[ [?”I 1T A [i%ﬁ[ ST
ARSIt BRI R TSR T PRE R

I ~ FPR[EHE
(DGR B s A

o O BB PRSFLRL B SRR A T 27 SR
%@Eﬁépﬂdﬁwtﬁi‘ﬁ S R ARG o T B A
FRSRUFSE © = Pt FRAstiny 27 AU » PR+ 7S A S o RS

-152-



2010 A& BRI #7:151-164

UEZ ﬁ'% == _}U[ﬂhfé‘g‘i’iﬂlp 20 1§’\éllaﬁ_(1ﬁllf?§) i f—F}[ {EI&F[H\[%E& gp
o

1R R

Fig.1 Geographical position of investigation area and it’s traffic moves line

UDR il ESisiits ol

Tf@%‘@ifﬁ?ﬁﬁfll%\'f‘ﬁﬁgﬁﬁ B 2R %Fﬁ?ﬁ‘iﬁif ﬁd*‘ﬁ%”“ fol EVRAL et > I
2 > R B T T TR TREH S IR R e A R
gmwmm%’$”www*@m L1925 11 @ AF B L e
HIA A "H| é‘”‘\ff 3 P S E G IEJ’EIEJE[ ff’giiﬂ[“fff'ﬁﬁlﬂii%ﬁr
“$fFWﬂ*%ﬁW% J%@ﬁﬁiwa%?mwa’wmﬁﬁmw@ﬁ%ﬁﬁﬁff
SRR E’%ﬁﬁgiﬁ%&‘p M EFE 2N fc*lﬁ@@@?[’é‘#’??[%ﬁﬂ S

S A e A R A E“]“EI[JLJ"F”; Tl B E R o PR R B R 2
Pyt e ARt [é*‘ﬁ“w#"’??ﬁ‘ 'J\“ﬁﬁ%ﬁfﬁff%k%%ﬂ (1964)%$ﬁ%ﬁlﬂix
fﬁtj&%@'rﬁéjzﬂ?ﬁj FZ,I{?[ 1 Ef@ F [E[#Eﬁ o= 1R Fg“Elﬂ@*@TfL?[jE‘/ Fl e
= 1oy n&p 27 ; ”E"&‘“HF AffT o Fil fdﬁ lﬁ'zﬁfj‘ﬁliﬂﬁfﬂqﬁ[@ ° ’vﬁl%ﬁ‘HlﬁfJ’Ei*
T I P L B T TR R - YFFE”LﬁE'E"**“JF:F'I—‘H RES =T
BURL T R o PO SR BRI R PRI G o e B AT R I

-153-



R~ R~ U B ALY A A P

J_ %J_’lg( 80 ”\[\[ EL%JEF /%{?EJ/'{@@T’AL‘EI*)EE[‘EIT FEL —ﬁI:J,IquTL“{ 7115715} ’
U B o SN L F et + LR,
PR d 7 et =

2 FHBETI )

Fig.2 Geological distribution of investigation area

L R e R R s P S E R £ E
A1 pA A~ ”ﬁ 1{’3”?[[
iﬁﬁﬁat LA PR OK 2 20|<3F AsLo fHEZHYT 15Km [V SRR = R
=PRI IR e~ o B B TR O 3 B o TR SR 4K
R R VAR IS Bl TS R
1. WEPVETE T PR PR 4K T BhAY 12K R PR TS S PR T By S
SUETH P SR PP AR R EANRC <A 85 RN iR
E@ﬁ@ﬁﬁTﬁﬁ??ﬂH“@%ﬁﬁ@%ﬁ
2. A aErE L B 4K 5% 19K 0 (RS i = PR o e PR A
> 2 =AY 11 2RV AR R R R G R A - P
RIPIEEERFTH ™ JY 4876t B[ fip e -
3. BB B ASE 4K 59 7.8K 0 SRS R 8] > Rl BT SRR

-154-



/\EcL

T J;Jj‘HJiff’lj E:

2010 A& BRI #7:151-164

b R ﬁ AES QL ER

aRILas

F‘FJFE 1

(IID) B3
PSS

I8 Fl&
= oy = ]

_l —%R‘%f

'i
Ey

§RBETI S VR SRR 100 [ R VEOH 348
45108 el 0 7289 F] = ] AR 799% -

T{hﬁl

TR 4@{{;@@&;@

5 kD 1973 F ST €T % I 3.0 1

1

@I 5 W?Yt FrE JiﬁEﬁJE?j & T

B3 FABEE)

Fig.3 Fault distribution of investigation area

Ry

#1100 = R E}ﬂdnf‘. E| TRgRRET

Table 1. The typhoon attacks times is counted every month of Taiwan among 100

f

S Ay

= A

years
ElGy LRI 2 FD |3 R[4 F) | S A6 5| TR |8 5|9 5] |10 |11 AI|12 *]| ==
e | 0 0 0 2 12 | 26 | 86 | 108 | 80 | 27 | 7 0 348
ENE
e 0.00 | 0.00 [ 0.00|0.02 ]0.12|0.26 | 0.86 | 1.08 | 0.80 | 0.27 | 0.07 | 0.00 | 3.48
FIo3E100] 000006 |34 |75 |247(31.0[23.0| 7.8 | 2.0 | 0.0 | 100.0

-155-



RO~ B U — e LY A b

(V)74

PR SE = ol D AR S =B B T B AV SRR Fl R TR
PNEBRL T - s Adias 30 I H RN 2R RS 15 RN Bl ffﬂﬁ
1805m » = IR [ SRS 280m o = i i S 1520m o ARG RIIPIA F e
%%%%’WF@%%@%ﬁw$%ﬁ’%%ﬂﬂ?ﬁfﬁﬁiW% p’ﬁm
FINE B = A= R R AT 2 B [T B s R N g e =
(V)3 G271 R0

A TR I | VB - T B 18 2 210 - Ik
B TN REE I S 2 F SR 180 T Safadfige o Wkt IOl RN R AR
4094.6mm » Elf[15 = 9 k| [y PR W BR o A - RN BHEE 2 0 12 5| [ Bl E
Do = FEEAPIRET 5130 < -

FATEAEARALY RN SR CHIR 5 5050 CLV300 I - &
1AL 1003 £ 37 4 > ST 1993 % 2008 1 SN E £ 4094.6mm - fliff 4
B 2004E,Uﬁp SR B 3200 mm _FT 5 2005 F Z 2008 # ST 4 5 L El P
Hrgrop > 155 6132.0mm o S5 BRI o

3000 (EBEEE '
| mEmLEmERces-2008 PRFRINRETRE Hedie
000 B HEE NGRS -

)

=

|E =Y

=

B 3000

[Fl,' 4 Hpfl] (C1v300 ?ﬂﬂ;*l!,‘) 1993-2008 & [V = {4 &l
Fig.4 1993-2008 annual rainfall of Yiyosan station
EREIF EJEW‘ZOOS = S B RAFHE 7376.5mm > LB B SIS 4R
PR 0 2RI AR S T AR RTIER R R - 29t > 2006
F A EEEE 5376.5mm > 2007 A &1 EE 5553.5mm > 2008 & KA &

—rv

-156-



2010 A& A E?ﬁﬁﬁ]‘ ?‘f :151-164

£ 6221.5mm > H[[12008 &+ 7 F[RAFEHED 2220mm (LT RISV ) 0 9 ]
RAFH B £ 1894mm (F Seju=eg gt ) o ’F‘t & .’” VEIGY e

2000 5 8 | 7 [ 1B pl BB ) R T B EEIJ%?F@ BRI R
G B R P E:qﬁg‘f%ﬁﬁﬂ [~ :8 F| 7 FIft &l 501mm- 8 | I} &l 1283mm -
9 [Ify&l 583 mm > 10 [IFyEl 423 mm > 11 [ IF+ & 105mm > EIf[18 £] 7 1= 9 |14
= FURIFRY R 2367mm (95 JOF RN 57.896) 7 [IZ 11 [IH T [1EARR
£I3E 2895mm (4% RN 70.7%) o (I 52 6 5 )

1400
TR,
BRI EIHF=

f"

1200

000

mMA (mm)
g

L —

il il

8 i 2 ..la A l T I | b

1 o) 57 B 113 M1 1@ 3P 337 3685

[ﬁ' 5 Hhpnt (C1v300 iE[]ifl!,‘) 2009 & Vi &l
Fig.5 2009 rainfall of Yiyosan station

i - B
5] . B
B2 - o ®
(T 2
. ()

‘H ‘ =
-
BT TR R D000 TSRS OO0 TR0 T TR 1 00100 TR 7 0000

Iﬁl 6 &Rl (C1v300 iE[lf[!,-) IAELE: g@@?;l/pﬁpxjﬁlﬁﬁdﬁﬁﬁjgl
Fig.6 Rainfall intensity and accumulate rainfall of Yiyosan station in Morakot

typhoon period

-157-



O~ B | B S AT g P

II ~ 5’&?%5»'3’?‘?1],%
(OFS - *féﬂ
[ 1752007 & B/t 51 &%ﬁiﬂZK 57K~ 7K ~ 18.6K &1 » =% %wifgf

S AR I DR N L BRSBTS [ T AR - i 2008
= g&?&i‘gfﬂﬁa’”&?ﬁ%ﬁﬁj IR AT~ PR ?‘ﬁ‘ ARPEE ]~ Sf
55 GIS il ~ PR SRS (= - 2009 ?F{E?\ﬁﬁd B R BN R
Al PRI » B YT PR R P TS E P /«?-U?FJV

_E*évléiﬁﬁg 1 0.5K =2 13K B3l [ 45 = PC A ~ RC B[Py ~ B iafl-f<iltdeing
?‘J’fﬁﬁﬂ W B AC FURERE T - R 1'%?7 A= ﬂ?ﬁ“ﬂd% © 21K Tl

V) 5 b FF) 70T Bogiiiiyg 3% jﬁff Sk ;%[ Bl f?‘”f‘fl RC 554 44
%E‘F[ﬁl 7) G 21K % 2.25K s %g% BV SR T B 3164mm
LT R 1{;1*1 VR %?EU’?WN?E’LUIHEEI g@:f:’ H??F@pfg[ gﬁ%{i 3.2K
Tl 4.5K % 5.2K (ﬁpﬁ%ﬁ‘ 8) TR H I RV E P“ﬁﬁﬁ”‘é Fﬁkﬂlﬁ\ [
FriaR-eaftfip - R ROEAPEEE ~ A g =

7 B 2 LK SR R
Fig.7 Morakot typhoon disasters around Tengjhih forest road 2K+100

-158-



2010 At A BT f7:151-164

%J**WUFJ§ﬂ7p$*EﬁE%%¥Ei SRR P B S R T B @Qﬁﬁﬂ
> = 5E019.7K H Tl%&ﬁﬂj[ﬁliﬁgﬁ S iflﬁ:éﬁﬁ‘}qéﬁ%“( @lg)
FREE S TUIENE ~ PRS-~ P AC @*E—miﬁ@# : aw%ﬁﬁéﬁ;ﬁ%?%h A Eﬁﬁﬂj *El
LA ?{é ﬁﬁ[ﬂ@l N{é T BRSPS g R ] -

'8 BeibSE 3.2K HHE® 45K 2 5.2K SR T B R
Fig.8 Morakot typhoon disasters around Tengjhih forest road 3K+200 and 4K+500 to
5K+200

() 2 EFROb
1. iﬁ%&dﬁ' L 2 e ﬁrgﬁ;ﬁm

F Y ST FREIRRS BIE R T REE E] 48 RDE S o
e e VAR R B o U 2 B

AT g SN A ST AR o RS IR AR
13 yfg,ffi%%augﬁ;@ 112 PSP B Py 7y FRLAEHY ~ 0 T OB -
R S Ik SRR B TR M;JEE ’IEIHQ s TR > A T A TR
P PS> SRS E - e

PSR G 1 ST 4 PR ey P2 e s (SRl R s
PR A ‘%El»iﬂf}?lﬁfﬂ\ U~ B I’ﬁjﬁ% AR (TR~ R PR RIS 2
PRGN o pIF A 2 URLIE T AREAY b R SR 2 e B B
fR o EEAUME YL ﬁf SR B P TR SV PR S
PRI, > 35 SpRI R WG A AT REREL AR EIE AT -
2. Qaﬁi[ﬂ[miiﬁa

SR B S T [ R AMSE R S PP - RURLIA Y

Nﬂ}ﬁlj“»ﬁiﬁu

-159-



RO~ B U — e LY A b

SRR T RV R R R AR JI%EJF’F—“#?E“‘V O BRI
B SO K [ PO
1 {0 B 7 P oA B ] [ﬁ TN o PP T IR B = LR T A
[ “E'ﬂﬁ ‘*?{?’4 Tl PIRLT SR o (S AR O ]
B TR RN VGRS EE

R EEREE (300E50m)
I I

ST N Eh i 58
FREEREETE (LRED @Em-\h

1 R R R

Wi ACEBMIEILE

1%—

150

IERRIH

PYCHEFESR B4

E{zErh
il B NED SR

A0t

[EiEIR h+H
| R )

N ER

s 4 \
3Tk dEN $EL =A@ 2

MEFER H

\3?k3§ﬁ§311=§L=91n@ 1m

O BU TR A S A R H A SR
Fig.9 Tengjhih forest road rebuilt road foundation promptly after Morakot typhoon

-160-



2010 A& BRI #7:151-164

12 BT RESEE HS T

Table 2. Morakot typhoon causes forest road damaged and counted

B A T S R N I
OK+520 il LN G S LRI
1K+300 [ P | BN PR T A
1K+350 [R5 I= | Bk HEERER T A
3K+270 AR 15 | BRI EREPER T AL
4K+390 AR iEREELE WHEER T AL
4K+510 e [N I I E R ;a?ﬁ%?i%%}?l%ﬂ\ﬁl
5K+170 I [ SRR ERAPE T L
5K+380 L R it BN R s R AL
5K+470 Ll P | BEE N BN R T AL
6K+230 T R | BEEL M R P T AL
6K+250 il R | BN R P T A
6K+320 ﬁlﬁ F“EFJ /tlﬁlj\1§’ igdﬁ‘“(ﬁl? ”giAE,EIFIE?FT A
7K+280 sl P | BEEL M EBLEEIR eI L4 | o N
7K+360 D i ,[.ﬁlw?‘ B R T
7K+590 L L AR AL
8K+600 S W E%‘.ﬁltﬁﬂwm%t @ IR P T AL
8K+680 s NEH | BRI HEEPER T A
8K+730 S B | PERLHIAR ¢E’§#E“H A
9K+050 A NEE | BRI B R s P T L
9K+690 ] EE LI SEEEPER L
9K+960 R NEE | BRI R g R PR T L
10K+090 L el S FERE s PR T L
10K+530 il LR NG S FERE s PR T AL
11K+160 it B | FERL R FE R PR T L
11K+430 AL THEECE R SEEEEER T A
11K+630 R Pif | EERLHEAR PR T A
11K+760 AR I HEE RS SRR T AL
12K+610 MR | | Sl R ESEEE PR T
12K+720 L T T R HEEE T
12K+790 wEl | SEPLH SBIPER ]
13K+230 g INEH | BRI FE R R R T A
13K+280 il LI EEIT IR PR
14K+100 ] o[BS ERLA T B R P ] A
15K+340 AR TEEIEE ,E,ﬁizﬁ = 5%%”5—5#15»&7 El
18K+010 [ B | MR RR HEPERT A
18K+170 D SEEN @Nﬁifll?[ﬁ FEEPERT A
18K+380 g R | B @wﬁih'ﬁu@i PR
18K+560 FE B | By SE R T
18K+660 L B | B bRl E?i“@%‘,#l?ﬂ\ﬂi
18K+740 iES TEHEEY 2 EWERRE PR T A
19K+050 nl G S BRI R PR T AL
19K+100 AR el i Ep s PR T AL
19K+220 s R | B ERE = PR T AL
19K+240 sl B | BEEDEE B P T A
19K+330 i Py | B D g R PR P AL
19K+490 i i S A Ao

(1) HESEIRE
BRSPS R I B R BT F Il 4.7K - 10.53K - 12.61K - 18.01K

-161-



o~ B GRS — B AL IR R R

SR SRS R EE o E VR 2 R I B A SRR R
P HENEAR s CEE T L 2 M T - Bl (AT 'Jﬁaﬁﬂjlﬁl J{a RRNES
e ﬁ‘ﬁﬂ#ﬁ%@%_n S A T RGRER (R8RS e S
@Fﬁéﬁw R (R (9 ORISR -
Pk T R F{Ilwﬁ

(2) BERRIPRIRRRE -

@%i@%‘éﬁiﬁiﬁiﬁjfﬂﬁi?' Hegl "’a—% R A ["FL ﬂ?{ﬁ. ST~ BN EN
S PSR A ~ BB GRS F'J*E’f‘\ ik = %@’ETJ"‘:‘“E QLR AT
SRR ~ Bl T fb*]ﬁ[ @i ,F'f“"ﬁ’jf E?EEITEE N
"ﬁ»[ﬁ[ Elaﬂk [ (e K;rgj}ww&?,;(;@:jg\@ﬁﬂji
(3) rﬁﬁ!_ B

Pl s BE RISV T BbIIRARRT T D SR SL » JRRR R RIER
D PR O A S IR AR R A R R R L
)%Eﬂ (g - =9 EHJ&‘?E, ST ﬂhm{afgﬁﬁiﬁﬂzﬁw ) T%%”iﬂif-lﬂﬁ\ﬁj [
TP S T P R TR PR B 0 e g A T R
T BRI JY IR R
(4) HETRER

SRR PRI I £ DR ER v OSSR 8
E S TR 9 (R R S B R
(5) {53 BHIRRIZ Gu e 7 R TR AR T 2

M| B SR 2KE 4K %E%%Sﬁ%ﬁ%ﬁﬁugmﬁﬁﬁiﬁéﬂ e**?%a B fh TS
VIR - FHFAUET WA RIE T T 1 SRR 2 2 -
SR SUERT L N T “iﬁlﬂﬂfﬁ“ (BN I‘E;‘ (R R
B AR PERREL - (RRRIET I 130T S B LR SR
fF o PR PR R AR Y
(6) HEHMEIHER

BB IS 4.6K % 5.2K SN EIZERLAN A » PR P s e

Vs S B AL e AR - DR 1 3 s 2001 5 37115 7 B st
F%ﬁtﬂgq g FT,ﬁ seEg VRt () %ﬁﬁf 1t 30km/hr > ﬁ{ﬂqu%@ 1196 » Afltdss
PR 180m SRR )« < EITRE L R ¥ PR ES

-162-



2010 At A BT f7:151-164

%F%ﬁfﬂwﬁﬁ¢~&(ﬁ*ﬂﬂﬁﬂ%ﬁ;>Vﬁﬁﬁﬂaﬁ"éﬁﬁ
= Z A Jpélﬁ%ﬁﬁ 4= FI“L@I [ Eﬂ%pr G -

IV ~ st

AR H R o BB A e PG B Ty B s R B - P
iﬁlPﬁﬁxﬁfﬂﬁEﬁ?}J Sk = {;,[Aﬂmsc SRS 5 B PR HH RN S R
AP SRR AR ~ )58~ = D& [Eir[ﬁx/ VLS~ P
RSN b S AN R ST e gﬁﬁa@ﬁfﬂwﬂ% R AL (R
R R R PR R e -

AR o B VAR e T tzﬁﬁ” BRI o PG T i
A FHE > F Ik 5%4\%%“ BRI B e o 4 AR IR
It B BTV O e RS TR RS N P R DA
i

U FRSEURLT 13 = VBE i - EF,PFEB?%‘[ FOESRBSR] F e e ey TR
TR AR e S R RS SR > PR RS U R
B 4 ) B FSEEORERSE A A o BERRL Y (Rt D pons e
SEEER ﬁ;%i gﬁ;@&x%g{z | 4G E f‘ézﬁlﬁ'%?ﬁ o I F AR R T (R -

PRl R TR A RSP AATIREGE & & Tl SRR - 1ER 2
BUPAR > P B e S TR SREIMEE A R RIORE mbﬁ
HP TS ~ Bl (U]~ BT @Jﬁﬂifﬂﬁ’ﬁdg@ [MFIE - MR
Ve B AR S B - R R R o ‘ri"ﬁmjiﬁt £
TEPE TS TR B oY 32 F‘/H%m%—“ Xl 'ﬁ“ﬁi\%ﬂﬁb EJNGE

V. 2YTR

ﬁzﬂ% [f T EESEEY (2001) ,?E'é‘,"é‘,%&%ﬁ%c ﬁzﬂ% [ HEA
Sl R (2006) B R RARISHE T L f%d o
R 32(12) : 2-32 ¢
ffﬁl&' (2004) L 1&35’?‘@%%7%,‘52’& %*ﬁ?uﬁ;ﬁ[gﬁyw o [t pl i A
ﬁ*4 i
FJF‘H (2007) |1l L P SR O S T T R - T A R L 1] o i Pl

-163-



O W T B RS ST T P

SEd AT AL

PG RIS SRR - B (2006) 1 PSEL 2K BB SR i
Pl o R R e & -

PG PRI (2000) VTSI [BEARMEAERET TV B - 2000 2t 1<
ERFTIHY

ﬁi?ﬁl%’ (2002) Byt Eifol B ip R el T Al ﬁ@i%%%ﬁjﬂj%aﬁéj‘ SIS
Rl T R

AT FRFRT (2008) PPASTES S BT PR BER-T ) 11k S4B S ) -
IR 3P P P e &

Claya A., Roy C. S. and David T. (2004) Application of decision analysis to forest road
deactivation in unstable terrain, Environmental Management 33(2):173-185.

Eugene L. (2000) The road to disaster, Environment 16:31P.

-164-



2010 A& BRI £7:165-179

FEREHIY B IR
RIS R T

el 7 FERR LA RE V2SI > N[ ARV EDE S ] AR R & R
WPl I RPN LIV E O B R A0 A B © R P
WRRRAR ¢ R+ ] /Tﬁ%ﬁ“t Vb o EU 0,602 0.6Tg/em3 ] 5 B 53
E0.25~0.42mm s % 5 iy BH AT LD o H K FEHREN0.967 %odst -
PRI 0.282% 5 (% 5 F| E“JI/}V‘IQEWQ HI AL TPRFE TS o BRI EJ[J
TEERRG o OO A BRS¢ A 7T 0.15~0.84mm R o L #E 4B G
5.5~7.0m/s >~ FE E0.15mm! | I bat o H E’i[’ VR RS mYs F‘,pHﬂ“ e [T
1.22% > TREFPECEENR NI 5 5ol 124 %S 1.84% 0 - TRebE) SUB0ENS |
M) 71 1= 4. 35%0 - SHfbA SR [/T‘Hﬁ‘ﬂltf' RN
[Fﬁﬂ%ﬁ] TRV PRl > B~ TRGLED @

THE WIND TUNNEL EXPERIMENT OF AEOLIAN SAND
MOVEMENT MECHANISM

Long-Ming Huang® Lee-Wei Lu?* Tsai-Huei Chen®

[ Abstract)] This experiment was to explore the mechanism of sand movement by
wind tunnel to observe the different particle diameters, the wind speed and the moisture
content. The experiment sand samples were obtained from four locations, Houlong,
Yuanli, Da-an and Da-jia on the coast area. The results show that there are all sandy
soils in these areas. Their densities are between 2.62 and 2.67g/cm3. The particle

diameters are mostly between 0.25~0.42mm. Soil moisture contents are all below 1%.

Lt pl Ao+ LR 59 592 - FL—# =% :Imhuang@dragon.nchu.edu.tw
Associate Professor, Def)artment of Soil and Water Conservation, National Chung-Hsing University, Taichung,
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Among 4 sample locations 0.967% in Houlong is the highest, 0.282% in Da-jia is the
lowest. The sand at Da-an is approximately sphere, but the sand at Da-jia is
comparatively flat. The results of wind tunnel test indicate when the particle diameters
of sand between 0.15 and 0.84mm, the starting wind speed for sand to fly is 5.5~7.0 m/s,
and when the particle diameters of sand are smaller than 0.15mm, the starting wind
speed for sand to fly is 5 m/s. When the particle of sand moisture content was less than
1.22%, aeolian sand amount reaches maximum; that from 1.24% increasing to 1.84%,
the aeolian sand amount decrease rapidly. When the moisture content reaches 4.35%, its
prevention function for sand amount to start flying reach the maximum.

[ Key words) The mechanism of sand movement, Wind tunnel, Aeolian sand amount.
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Wl ﬁﬁﬁﬁ#ﬁﬁ%ﬂﬁfﬁfﬁ'(?}ﬂ‘k?’ﬁ : Google Earth » 2003.11.25)
Fig.1 The location of sampling spots in each sample area

(Resource from: Google Earth » 2003.11.25)

#1 ﬁﬁ]ﬁb?}lﬁ%ﬁ@ﬁWGs 84(TWD 97)
Table 1. The coordinate of sampling spots in each sample area
i R A %
JH 213010 2704735

1% et 231291 2729064
A 209722 2699263
A 205971 2691220

O e
SRR (S PO IR A 7B BBV I HRS
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Fig.3 The density of sand in each sample area
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PRI R ] 5 R PR b B 5 0.255mm | b BT AR ]
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11 TSR et ke e A

A2 PRl e Ry
Table 2. The median diameter and the curvature coefficient of sand
f%@ﬁ L A
HI R % (mm)  0.31 030 0.27 0.31
IRk (mm) 0255 0.235 0.202 0.262
=Ry 1.13 1.14 0.95 1.00
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Fig.5 The moisture content of particle in each sample areas

-172-



2010 A& BRI £7:165-179

PRIFHE ~ s PT(L979) ! ARty BVATR > v B 27 T [l oV el
BIRUE - gl DAL %6 - TR AR - TRpIRIEE ST Tl - al
E%@@’*@ﬁEF BT 1.20) ) ?%%%%ﬁ”%ﬁo

fj/pjffﬁﬁi /%“ﬁﬁj/ﬂgﬁpjgﬁiﬁdi ﬂjiﬁ:i%gim?wp[ FF,LJA <l MFH
= ol BRI TG -V PR ) > HU T P A [ o - TR ]@Wplﬁyﬂ 3
[P SRS PRI 1 ER 1 o BRI ] R A £ et 0T ] £0.825 -
0.967% -~ PHRH AL Fofldh - THRLE e (=2 'Fz'ﬂ}l}"%'l S dEp o

(VbR AT
%’fﬁ” R A Rl HRRESE AR o R
=Z*Stokes’ Iaw,—J fi ;-Hj [ﬂ PN ,E{Jif{g!rJ[I@J Hg Ak o N
PERER TSRS [~ VS PR RS 1 7 o g RIS P S I i

]I o P PR R~ E SR (R [ P Ejj » ELEEAEIEE HE B I o 1

SEHRYPE AV T RO -

(V1) Rl = T

2R R R L R B (T AT 1978) G A1 e RS
AR £ 00.84 mmI) F o s 13 mysfRFARRD R IREL0 g/m-sec > 1) 5 15
/S ETDEN 2 TR > B 1> R A 00.84 mmfE] o TR BREEFS
I H VR (2 /1 4°0.42~0.84 mm > R (RS LD s} - S SRR -
TRERD RIS T SRR 13 S - R B ST

A SR > 0.42 mmI | ™ VR > 5y ECLS s - BESRE EE )
TRV RL S ) SRR R m;mﬁ'. "Jﬁp (SRS s > TR A
SAFIEAR o SRR ol RO TR Y RNT BN PR £ R
| fﬁ*o a2mmit - TR mis~11 m/saw[EU[ | o FIRPEI TR B o B
FABM AT - R 20.42~0.84 mm .V HEH SR EOHELLLMYS | B £0.25~42 mm. T}
b £l %n;, VESHLET6 mis 5 20.25 mm)f I/"J,;[#rﬂ ﬂén;[ ECHERS ms e

;ﬁef[ﬁ@%p , Fﬂ.@ﬁﬁ (@[ 0.25mm > wﬂ@gﬁtﬁ‘@ﬂ[i TR emfs I o
) BURRDE £ - FERRE LT R Omis B 13m/s 1) b BRI -
RS e PR R B A AR O 0.25mm [ > ELETENRITE 4
TR BEEART 2 o ThpRE 2 0.25mm [ 1 SIS S MR R RRT BIEFS Y -

E

-173-



FulEpA -

ATH VR — TR RS L B

[[jj‘/\{l:gf E /%JS_L K [/Fl:#@ﬁ‘@t !%—f:[ s B0 1;—- E_J'Ejﬁiﬂ—'-“—— E'FJJ—%':{ ’ ¢§;¥§$FJ
G SR B A Gt EL R I = FE LR £20.84mm~0.42mm ~ 0.42mm~0.25mm ~

0.25mm-~0.15mm=5"» 3¢ * B (7] &I om [~ {7 - A6 AT
HTRCUE 13,5 misI| - RS OTRRDEURR

#3 TRk LR QD EPE (9/m-s)

Table 3. The aeolian sand amount of different sand diameters and wind speed

B (m/s)
b i 5.0 6.0 7.0 90 110 130 150
_0(0/m-s
Quao-2o(@/M-) 5 0.0 0.0 0.0 0.0 0.0 0.2
(0.84~2.0mm)
- /m-s
Qrz0-40 (@/M-5) 0.0 0.0 0.0 07 207 435
(0.42~0.84mm)
- /m-s
Qrao-co (9/M-5) 5 112 198 681 101.2 127.6 1338
(0.25~0.42mm)
- /m-s
Queo-o0 (/M-S) o o6 365 746 974 1066 1085
(0.15~0.25mm)
Q1001+ (9/m-s)
(Q.15mm 11+ 68 31.8 400 784 932 983 965
# 4 P Z 0.84~0.15mm ;V?[&F’j;ﬁl (9/m-s)
Table 4. The aeolian sand amount of 0.84~0.15mm sand diameter
3 (m/s)
#@mm) 130 135 140 145 150
Qx20-40 (9/M-s)
411 708 858 989 1251

(0.42~0.84mm)

Qs40~60 (9/M-3)
(0.25~0.42mm)

46.0 76.8 942 107.1 1531

Q#60-100 (9/M-S)
(0.15~0.25mm)

539 80.6 92.2 1035 146.1
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