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Establishment of Rainfall Kinetic Energy Evaluating
Equation and Modification of Annual Rainfall Erosion
Index in Central Taiwan

Jen-Chen Fan! Jia-Jun Guo?>  Chien-Lin Huang®  Shih-Yi Fan* Cheng-
Chun Lee’  Bai-Yi Kao®

[ Abstract] The universal soil loss equation (USLE) has been the most widely used
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in the world and adopted as the method in the handbook of soil and water conservation
in Taiwan for evaluating soil loss. The rainfall erosion index (the R factor) in the
handbook was proposed by Huang (1979) using the rainfall kinetic energy equation
(Wischmeier and Smith, 1958) derived from the measured data in Washington D.C.,
U.S., and the average R value of 20-year period using the rainfall data obtained from
200 rainfall observation stations to establish the iso-erodent map. However, the rainfall
data used for establishing the map was relatively too long ago; the rainfall kinetic
energy equation was not derived from the local data; the rainfall observation stations
were limited; therefore, the representation of situation, the characteristics physiographic
and hydrologic conditions of Taiwan, the precision of spatial distribution, and whether
the annual average R value could be used for design, need to be further studied.
Accordingly, in the study, disdrometers were adopted, drop size distribution of the
rainfall in central Taiwan were measured and collected to derive the kinetic rainfall
energy equation for central Taiwan. Then, the rainfall data collected from stations at
every 10 minutes were used to compute and revise the annual R factor of central Taiwan.
In addition, spatial and temporal statistical method- Bayesian Maximum Entropy (BME)
was applied to improve the precision of the spatial distribution of the R factor in centrl
Taiwan.

[ Key words] Disdrometer, Rainfall kinetic energy, Rainfall erosion index, Spatial

distribution estimation.
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Ry = E; X I3p; = Z(eipji) X I3p; (1)
i=1

Hepo RS j SlEM S 2 hakfEE (M) - mm/ha - hr) > E;=55 j BN
P ZFENIEIBE (M/ha) > Izo =55 j Sl EMF 2 5K 30 7 S8 (mm/hr) >
e; =55 j GBS 1 B2 Z B EIRE (MU/ha - mm) - ;=35 j SN SR
5 1 R PR SRE (movhr)» Py=25 j BT | A2 [P E (mm)>
Ti=55 j GRS IR - j RN S 28 EH 1 258 j Gl EE S |
RFZ] o R —- Y Sl B 2 et R, A NI E i S B R e e ER,, -

Y
R = z R (2)
J=1

2 1 e iy I SE R e S TR 6 2 [ PRI B AE B2k R S FEE ] (A A Uit > 4
3844 -
e; = 0.119 + 0.0873 log4 I; I; < 76mm/hr 3)

e; = 0.283 I; > 76mm/hr (4)

Renard, etal. (1997) #FRAEIERGEA HHRHAAF (RUSLE) » Hep > $HEE
frFEFRENREE B AR G UFEERI AT » -
e = 0.29[1 — 0.72exp~005D)] (5)
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EE PRI RS 2 5 {47 1 [ o g 5 P BN [ e R B R 1T 5 A [ « 1 2208 T X U T
B2 BB B AR - BRI - ¥R RS AR AR - B AE R
FOMAAF I R AR N AR ENRE ATV BRI -
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Figure 1 Distribution of rain stations in the study area
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S8 P e g o e 5 - R ] O e (T R (R B - [EI BRI A
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x 1 B BBEREREISE KEnm - S8R - &4 RP BB ZER

Table 1 Performances of rainfall kinetic energy estimation equations and their

highest coefficient of determinations

&H A AU FIRE AT R? RMSE
KA — R 0.104788 — 0.091()2713 +140.0000000952 | 141000 | 0.02658
b — g 0.107666 + 0.00102869 +1—-0.000001340 | 52061 | 0029484
o .
ﬂﬂt e — R 0.117783 + 0.0.0102642 +1=-10.000000946 | 1 10057 | 0 022368
&
s — sy 0.099442 + 0.091()2258 I =0.000000779 | 117957 | 0.017506
e FETHIPR “RE 0.075283 + 0.003297 - I — 0.0000586 - 2 | 0.201779 | 0.02349
Ei iSTR] TRekEL | 0.098526 + 0.001472 - I — 0.00000508 - 12 | 0.316238 | 0.031375
A2
%’; ESpTH| B 0.113417 - [0-019798 0.009915 | 0.020494
i PE R SRIR TREEL | 0.097906 + 0.001559 - I — 0.00000566 - I | 0.325832 | 0.031922
fE
- g T RPAE 0.111558 — 0.00143 - I + 0.0000454 - [2 | 0.028372 | 0.016996
mm
I< SF FRNE 0.097741 - [0-044274 0.0009 | 0.02384
N
Ei N mm | T Ir%IE
o IV 5~10F o+ 0.045474 - 1 — 0.03462 - I - logl 0.004708 | 0.026242
f mm 0.103819 — 0.000744 - I — 0.000000262
[210—— AL ' T ' 0.231258 | 0.0283
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Table 2 Performances of rainfall kinetic energy estimation equations and their highest

coefficient of determinations

Akl AU e A= R? RMSE
aril 5 0.000592 + 0.017441 -1 + 0.000117 - I 0.948434 | 0.123391
IRk
EEE _gm —0.00615 + 0.019204 - I + 0.000106 - I2 0.9522 [0.153618
N
E A
Eﬁ G —g;m 0.015706 - I + 0.004966 - I - logl 0.976666 | 0.045857
FEZ 5 —0.00103 + 0.016813 - I + 0.0000317 - I2 | 0.953259 | 0.043593
IRk
FEIAIPR _ggm —0.04056 + 0.023753 - I — 0.00012 - 12 0.94614 | 0.0435
+ ST — X 22 2 0.957464 | 0.165182
e Pk - —0.03934 + 0.02274 - I — 0.0000833 - I ) .
A2
B% ERER FPHE 0.018903 - [1.019798 0.963731| 0.06873
ginl J TR
ge PH R SR 5 —0.04318 + 0.023324 - 1 — 0.0000793 - I* | 0.958045 | 0.168406
il - 0.007476 — 0.015345 - I + 0.0000843 - [ 0.928561 | 0.030106
mm
[< 55— FELRE 0.01629 - [1044274 0.33393 0.015102
N
— mm T T2
gl?.; NI 5~10F Ié;? 0.016635 - [1-044768 0.481164 | 0.032036
& mm |
[>10— 0.0000147 4+ 0.017456 - I + 0.000117 - IZ | 0.936265 | 0.184464
hr 24}

an

BB rhER ot B R R e B ZE R S R MRS AT

AT ST TAEAVIETT » DU P B 58 B 208 T B G P PR B RE HE A
2\ FEECH IR ISR MY 10 Sy EoRt - R AT T 208 o s S [EEpi
EfEECZ AR > A (12) Fos « B j AR S 1 BB A R
PR SRR ERFES ~ B Ry A SR ST Z [ PR AEEIAE. (M/ha) ~ Lso Ry 5%
B2 30 o HElFR R (mm/hr) ~ e RER7EFEFEMIENSE (M)/min-ha) ~ D
Ry P B PR E R B AER (min) - ANBFFEATER A 2 BE (i R eI PR B BE
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A W= (13) Fow e
Ry =E; XI30=%;%; (e;D;j) XI5 (12)

e = 0.000592 + 0.017441 - I + 0.000117 - I? (13)

ARFEEE HH BME HEAd S5 FE v 5 822 ) 7 AR 45 S 408 2 Ao © F
2 AR ER M Y O e FE B e & AR L L& K > s KMEAL N & HR i
& ZFAES T AR EUHIE— 1 > €95 67,792 MI-mm/ha-hr-yr » E2X » 73 HIE e 5 X
PRS2 Tty L A B HInh R 4T B SEARRA T GUA < FE L L A B NER AT
PEREROREFE B R 25,000 MJ-mm/ha-hr-yr

ZEMIE AR e e B tHRA ST » B Rea&iE (1979) 5%
SR NeEEK L RN ZS T 30 24 - MEESES (2005) - &
B (2016) R HATEARTZ T REEE T a8 R Rt &0
e R BRET | ST - (R R S SO sk I TN R B W9 - By
PRET A A R A R Ehae AN BT s et B 2 2R 248
Facr AR A E ATE TR 2 R R 22 [ AR B TERE W ERET
SRS > AE 3 FoR o

o HEERME (1979) BURMZE 2 F R e s B AR ELEL T =
AEHVEEF P R fEEAR ISR - R KREZRES—w - [RJeRy 15,000
MJ-mm/ha-hr-yr $2FF % 60,000 MJ-mm/ha-hr-yr DL_F > Tiuf5 —L0—%5H 15,000
MJ-mm/ha-hr-yr 341 % 25,000 MJ-mm/ha-hr-yr /545 - 3 {FEFEE (2005) 2
GHAR o AE T ER A & A A S PR B FE UK 2 Y By 10,000 2 20,000 MJ-
mm/ha-hr-yr 7 [ > FEFARS ~ TU07 L > FEEE I - SRR AT FEATHE(S 455 -
MaZH7E - R 58 = 2 B A FE R B A —7 » K% 30,000 M-
mm/ha-hr-yr > FRKFOABZE#ER 2 G55 - TR HREA - s 9T ) e = 80y rg ik
AETTHESS - TTAHIE TR A DA B AV PR BB THERS - (E R R G R
AVHEML SR A AT S 72 - MAERRETR (2016) HYELERATREEIR - HE{ERY I ATBIA
BFFEARAT » FR{E (60,000 MJ-mm/ha-hr-yr) JREZABTFERTHER Z AT ERHAT - £
IR EFHIREAR ~ JEE— AW Z & AME (67,792 MI-mm/ha-hr-yr) RIffiz
ARE—7F - Sxf%  IEAEBTH 2 T RIEEE T Bl LRt GHEE 1T & 0
e R BRET ) STERTHEEAVAE R - RS b E F RGP BlER &
Ry NE > R REZER - HPiit & s - Lead &S @ BEEAHIEH
i Z R REFTERIALEAHAT - HAR AR ASEHFE A HE L 45 2R
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R4 (MJ-mm/ha-hr-yr)

40310.850491
24187.753461
17658.137291
14916.089681
13103.286471
11643.059211
10381.633411

-67792.221200
-40310.850490
- 24187.753460
- 17658.137290
- 14916.089680
-13103.286470
- 11643.059210

9185.445855 - 10381.633410
7951.169063 - 9185.445854

4950.562836 - 7951.169062

3R & T34 FE o 0 45 3£(2000-2016F)

[ 2 - EEPEMEIERERIT SR (2000-2016 £F)

Figure 2 The average annual rainfall erosion index in Central Taiwan (2000 to 2016)
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Figure 3 The comparison of spatial distribution of average annual rainfall erosion

index among results of different researches
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18 1979 ; EHAZE > 2005) » BE RS AR EZ= F iy 23 EAR TR E
i HARest - e HREA > H— > @A ENnh 2 R - Bl 2 ki) -
SCER 73 LR ERER 2 i > e R Z PP e B A T S IR = aE
BEZIFR R ERZRIEEE 2 - [t LAEESS - B (sElrf fh

13



SHIER © SR BRE  BHE  FEH  SER
=R ERTIA S AR E R FET ISR SRR
R8I BTS2 -

M ELRATHRZEAEEL (BREaR » 2016 5 RUESE N aE gl Lt B & 1T
FyEabipeh b B Z PRt ST SR EE R Z g > 224677
AT > BRI P s B & ] o AR R 2T » Foop > S KA [ R Z P pla o it
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iy T AHEE > ABFFEERAIAY BME H RS KA v (IR B A BUE AR 22 R 2
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FY oA B AT W SRR E A Ea i B - TR B A HE (S &R R = > T Bl pla
BIFEBUEZE [ R B AR R BARAT -

IV ~ &R

AWFeiEEE R ERL > B TEEE (RS - BEZuh R
uh) ZPREHAS AR > RSP AURRAYHRE - PRESA R N Z PR ARy
P > A5 BRI AT AR PR B RE KEmm S BAT IR PRENAE KEuime B[R 78
DEERAVSOR - I A 2 2 h s A LR ENREfE(G A F » AR EEAE
SUEE RIEBOIAE o AW BB oy A

L. B EhRE AR Z B > KEime SR SR Z [AAVRA (% > B {EHY KEnm B[
PRIGRIE 2 B (% > SoAEHA T 4H ~ A [EIIE BN [FAURR 7 B AR AT - R
TRAEHERS T ERHER AR R e e 2 - S T A e frksm I (AT e B AR
PR BT AR ENAE KEime Z A 4HHY D ITEEER - 1 A28 B e Ay [
PRENRE AT °

2. ARWTFEER A H B S A A R B S B AR 22 R MR A T A [ F] ~ 22
YRR R TR EHE RS - MEREBGR(SSE RIS > BT RN ZEAHEL »
Attt o g+ e B 2 P _E B BB BA R BRI » AT oE 2 - Pl Pl P &
fERZE AR B RCR A MR B TGt 2 25185 -

AWFURTTE RS ER A G/ K LIRS R &8 T al i R EhREHE (S AU
BTN EE R BT IRET 518 (SWCB-106-120) 2525 » BUEAWIFES
DINEASERR > 52 L2 H -
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[FEF ) AWFZEE H E R A LR R KK b2 F DAL A K EE_ By
4 REKERTUKZ KBS R - it KB EERE - G80% » B R
U EESKIEANIEES 11 [EEREE - 5 2014 23 HE 2015 £ 12 H - §H
PRERIZEUKOKBEIHE ST & » 7347 Na~ K~ Mg~ Ca~ F~ Cl~ NO;s ~ SO4 ~ HCO;3
9 E/RKALERRRE - TR AT AGHERRE — RS E HCOs ~ Na~ Mg~ Ca
Hi s &l - s RE R 46.06% » T EEKE HEASHELEANTE
MHEAMEICK » S FRSTE NOs ~ A=Al - nfgfesRE f 25.15% » Hl
THEEE SRR S AR -

[RRSEE] AALEE ~ TR ~ EEVKEE ~ BEETEE) - Ak
STUDY ON WATER CHEMISTRY VARIABILITY IN THE

TECHI RESERVOIR WATERSHED BY PRINCIPAL
COMPONENT ANALYSIS

Yao-Yu Chiang' Yun-Sheng Cheng? En-Yu Liu® Chiung-Pin Liu**

[ Abstract)] The aim of this study was to compare water chemistry of streamflow of
different watersheds by using principal component analysis (PCA). Water samples were
collected from March 2014 to December 2015 once a month at 11 samplings sites which
are located at Yusheng, Hehuan, Pilu and Chengwu watersheds. Samples were analyzed
for water chemical characteristics of Na, K, Mg, Ca, F, CI, NO3, SO4, and HCOs,
Principle component analysis reduced dominant ions from 9 to 2 variables and
classified them into two component groups. lons of principal component 1 (PC1)
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JTREF ~ AR~ IR BIER
DES % pariEr SERE-YINEE PINEN Y7 IS [ dpvd ==

including HCO3;, Na, Mg and Ca are highly related to elements proceeded by
weathering, and ions of principle component (PC2) are mostly constituted by NO;
which is related to agricultural activities and nutrient cycling of vegetation cover.

[ Key words ) Water chemistry, Principal component analysis, Techi reservoir
watershed, Agricultural activities, Forest

ION:iE

FIKEK L EGAM EE R IZ UK A B AR FE R 2 B 7K SGIRRR B
72 7K7KAE£Z, (Christophersen and Hooper, 1992 ; Burns et al., 2001 ; Chaves et al.,
2008 ; Barthold et al., 2011) » FZ2EZ /K EE2HINZREAERK ~ TIEEE - %
JARY ~ EWIEF R N\ R BB AT (Hornbeck ef al., 1997) » —R&ER Ry HBHT A 119
TR LB E B K & I H Y - A s B2 7/K/KE (Osborne and Wiley,
1988) » FEHETE (2008) BRaf/KHI% FIFEE/KIE - DA [EE /KT 73 i -3t B
UK IR B ER A (% - BRI B 25 ~ 50 ~ 75 k2 100 m FE 4 fEAN[F]
R ST IEL S FRIZ KT NOs Bt TR RERY o B R P (E AT K B AR AR R AT
BFEISAT > IR NOs Bl RS B 5 UM P UIAHRE > Forh S3LLL 25~ S0m
W2 B K s BRI R IL S RERE RS R . (N TRERS@hIHERT) - AT LR
SEHUIE AT A By NOs BfEFHIYE R -

FEST 78T (Principal Component Analysis, PCA) F 2 HA &MU AT EfaiE
T > 352 (BB E S (S R T (R IRE S (RILE T E SETEHE - RESIRE
ERHEAL - R ZAEE tERARY B RE Ll DB BT F oy - HASH4RMHE
MAFH R RE A AR B R RV E R - fhit £ 1% - AR BRFRGEE R
WA Ry R R > DLBEHE—25 M - FRlr B2 2R 3 (HEZEHEE -
M~ AL ~ BERETE (BRIET > 2005) - Ouali & (2009) FEFHIZ S &4+
TAEHKE BEREESREY - PCA pATAS SRS 6 TRERER(E Ry 3 THSREL - ] DURE
FE 74% SF > HEHIFTEH PCA fEREERENY /KL R RAE R -

KL, R /KPS I ST & i R KB SR K I - Vg e 7o - (A1
RIREIB /KR KEIR Z RIFE RN 5 » BUKES/KEN 2 KE7K & E
FyEETE o AT (8 EOKE BB E R HE &% - 7t 1969 4F 12 HEHT -
1973 £F 12 HEAtGE K WBLA /KR EA & il R A FK - fAOKEE R
L R A2 - W ELEE S ~ TR 450K - R ER G 0 B R TRk s
— A FEHY/KI - AR /K s E A -3 R e A 85 - 22 R R fRA
(FER 1990 Mfe 2% - 2010) < 5RETE (2004) WHFTHE HI{RAIKE FifpH 2
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BSETE A AT IS, - BETE L — R - P AR SRS
P - PRI R BRI © (B B RERATILS: - St
ST S TS RA KRR IEA KK R a5 EE

ATHIENEL KR L2 4 (BB ARG 3B HS  B% -
SR - RIVE IS EREETIE (PCA) STHTKILEIN » MR K
KBRS ZE RS RS 5 e — S HR A L L
S K RS K B A B T RS S 5 B0 -

I ~ POt 775
(DI FEE

W 7EEaE A MR EOKESE /K& - Lk & i fEE K R B - 22KEE
W 1,400 m - EEEBHUREHKE - B K@EE T - MEih - RS
TEHERGIU (R - THIFEEE 601.6 km? - 1T & 7KIAITELY By 454 ha » SEE/KELT R 1.73
x 108 m® (FEAIESE > 2010) - FrE & 2 &K@ R EILEIEE - HEEE RS Ak
UNZ - A% ©E%  midi% - J0E% - S5 HNE (URE)  HiZ - X
F% > GE0Z - BIREE 10 FRER - AMHFTENERZ - GE0% - BIRRBE
% 3t 4 FRIEFE R FEE SR - BERURRIDIZ 2 BB E & - BB
ME BRI TR 2= 2 (B 1) - A% - GE0% - BBl EOR R
A% 3,324 ~ 8,396 ~ 5,745 £l 790 ha » LS fRIEMIFS fH R EME R ER AL 101 FEE
AT ERRE 2 shapefile 1 GRS IRELSMIES Z B(b shapefile FEELAR
15 fe R M 22 I = PR (Mt T AT PSS Ry 25 em Z B B IEBAR EIRE W &35
S BEAT ERETEIE - 5 ArcGIS #Y Editor Z{4 Reshape Feature Tool %
Ak » R AT 3 B RZPK ~ AR~ IRIE - SEE ~ 29 ~ JKEG - $REEH - it~
B9 R -

F% FE A HHH BRI HfE 2,560 ha - SEHEITE 77.5% » HIE A
AR THIRR 569 ha - Hl@IETE 17.3% @ BTy EH - @fE 72ha > HGE&EE
TR 2.2%  RETEEE W T 20 SRS PO T S S 3 R oKer
S F AT AR T T IR E A SERE I ELE R W 2 e AR
w5 o GEORDRAME S » HITEE 5,700 ha > (5 67.7% - JER ALK » [HifE
1,453 ha > (5 17.3% > 55 =}y &t > mif& 563ha> [ 6.7% » EE S AifESENLE
o FARELURIMEF - €94,326ha > 5 75.3% > HICE N > HEEIEKHED
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DIEmM A RS B KEEKRZ R K LR BR

5y B E B E R B ELAUSOE AR © pREGR L AR A THRE B EAR S
SyRIE 324ha B 371ha> (5 41.0% B 46.9% » 5541 » BREORERREFT G AYERFIEL
HAEKES > 5 7.3%  REEFEEER - F1 - i EKEk - (HEERZR
KEBRMEGE EHAFAT -
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R ARk
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B 1 B FE R AR R i B
Figure 1 Water sampling sites along streams in the studied watersheds
= 1 BFE - SE0% - B0RBEREUREKE - 3F] F EL A
Table 1 Proportion of land use types of the studied watersheds
x KR A B O B K O# O EH =
B o2 T BH B # & B B i
PR R Hh Hh

Hi% 0.0 775 172 06 22 01 09 00 06 09
a8 02 677 173 49 16 01 05 04 06 6.7
Hygp% 00 753 202 00 00 00 04 04 09 29
DA eE 1.2 410 469 73 04 02 12 05 1.0 03

(IR /KERBRER AT 57

AWFEIEE 4 (EPRAEES - B EFE NS hlE YU YML-YM2 & YD:
EHORAL 3 B AR5 5I R HU ~ HM K HD ¢ 82502 HL 2 B> (U597 F PU & PD
PEGEE 2 8L - 5Ky CU ke CD (1 1) - HUBRIRFEITE 2014 4 3 H % 2015 4 12
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A BARE—Z WER T BB (456789 H) EfEKI (1-
2°3-10~ 11~ 12 F) > 2015 5 2 HREESELBS S KL EIT - SEE0R L
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Hlf& Ca>HCO3; >Mg>Na>K » HEWEKES SO RS a5+ > CU B CD 77
Bl Ky 1256.13 B 1373.53 peq L (2 2) » e MEHESE (1995) TR &&dL ~ o ~ FEED
AMERKIE /KBS - SEUR/K Ca~ Mg FLRRIE RS > IR e LI T
SO+ R RE I UIAERR » & TR ZRT SO4 B » B0+ IEIR R ANy & BT
fem HIRHGEE TSR E > Ca ~ Mg FEEL,EE T 58+ 865 & - (AL - 158
HEEEGEE TR AR B R - SZ 0 TR SOs HYIRITRES /N - A
R S HOMAT - BERfUK T Ca > Mg Fn RS RS » HhAh > =i
WEFEEREE L EE/KIE (Calmels ef al., 2011 ; Das et al., 2012) » HALEEYLIE
FIT & REH SO4 B H (ZESE - 2002) - /KL HERTRR UM E FIRE = & s i
i > =RE SO4 B EELZ /KT CalRfEE it HCOs HYEA -

HCOs K EE K2l rRERSE TR aaE(bES - WbkiaE
SRy AL SHE LA (Malina, 1996 5 Meyer eral., 2017) » BE81 » 2 sk
V) ENE R B AE I RTEREY CO2 JRaffgE % K HCOs R (Baron, 1991)-
HfFZ HCOs B HMIZE U EE# > PU 81 PD 734l 5 2,837.11 £ 2,021.21
weq L' (3% 2) - EIRMAKACEREEER s > AR ILHENAR AR A RE A B U
Rt T AR R R Soe A EULIE 58 - KERYE R HE UK
TCESZE HCOs Jt SOs FFFFEZEALSEE+—[Fni - (H157%/Kf Na~ Ca ~ Mg
FrLRRER S (BERE - SFET 0 1998 5 Hornbeck et al., 1997) » [RIFL S 1RI%HE
Ao s -

K H#IaE bR R - mE EEA A EER > H S EER 2R
A BB A B SRR MUK FHRE — AR (BERE > 2004) - 28
MARHZT N K RERS - S5 E I R EZ A AR > &
R EB AT 2R SR 5 9REL 43 SEAREE SHDR IRE KL -
Hep R E R (AR Z T Th K R £ - 2 49.70 peq L -

NOs &4 Al sl Kk B g it st /K B (B L B A B Y 2R IA (Meader and

52
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Goldstein, 2003; Wellington and Driscoll, 2004) » —f& @Ak 1 Ay NHy 2838551k
{E & ARy NOs » By Eh FOmkA » fin b NHa fARERR 0 RIELIZE SR 1 NOs
FEREEE NHs & (Cirmo and McDonnell, 1997) » {EREBEAIE I - A5 fitt
BRASHER > R SRIERGEECR - 0 LB BELS - R SRRz AR YRR AT e
{ERRH T3P NHa K NOs i#fHZK - BEGZ/K NHy fz NOs HYRE TR Bt
(EILESF - 1999) - fEAL7F NOs EE BB [N /KH#E A IZRUKT (Wagner et al.,
2008 ; Tesoriero et al., 2009) » fE&3E BN it EACE A Z AT K F NOs Y £
(Seitzinger et al., 2010) - FpFEEE THEZEE 15em - HE/KCHG NOs RESE
255 mg L (B mEE > 2016) - BEANERFE BN TR SIS AT - E25
AT AN 2 R e (R R A Y 3R P 2 Ry S - D3/ K LS Rl 1R s T I e R bk
fEr > SR T E D TG BT R R e R S a1 T EERE
KEAVHHEZEEE R E NOs tHR BEfthiZ e s 2 (N2 YD “PHRE 2 119.48
peq L -

F —fAE 2 KRR (K » &R EFIAIRE - 2Rt F FEHBE
FAJEAEEAD (Lahermo ef al., 1995 ; Meyer et al., 2017) > [:40 » F JRE<Z %] A Ky
TEEIFTR A WEHIAE - SUEf 57K N /KiEsht AT I - (BF AT RE R
Z/KH F Y EZAR (Wayland et al., 2003) - Cl HREELHADTRMLL - &5 E
IR AE E 2 A BEETRR (Lyons et al., 2005 ; Calmels et al., 2011) » 5549} »
Lee %5 (2017) WZEBURIZFKS F ~ Cl BARGRIFE#G A EAHRE - &R AUKEEE
PRGN - F ~ Cl RETRAEAN - BAZIEIFE (2004) FAtEi s Eaiing % EED
F (FA#8# Speq L » Cl F494Y 60 peq L) » ARIATEIEIRIERE FRSE S —
56 ik CD (49 14.43 peq L) » FRIELE M LER L IE HIRG=ARE - 1M CLRE
FEIAE » fm Ry HD (P45 43.83 peq L) - BURIAZE@IS A 2 EEEROR B
JIN e

(D FEFKKA R ERIT 53T

FKAEER LR IS RYE S — ~ ZERORHEEAN 1 & 4) > SR EERAT
AEERIIE ARG o LR TR ERURS— £ 4E HCOs ~ Na »
Mg~ Ca HRIEEM{E - AR E R 46.06% (£ 4) - BURHIFERE/KEZ
FlanEbIF AR EHOR > 5 EROE NOs ~ ARGSAE{E @ AR
B 5 25.15% (% 4) > NOs RiEVIFIH 2 28R - AMERR g - ihiECE e
OB SRR B AR B R AUK NOs 2R - 55— R BB & 0 18

23



IR RAREE - BIRT ~ BIER—
DES % pariEr SERE-YINEE PINEN Y7 IS [ dpvd ==

RS EEARE - B R AR E 71.21% (R 4) -

2 BURSIFEFUKK R — I!ﬂZﬁ B T F R RS - AlE
BORB RO S — F R B BT NFIENY - bR L e R4 iﬂZ—FﬂU:
M2 » NiFRRKR AR BT E L B - RS BAE Bk
TGALEIE NI RS (BERBAIBEEFE - 2010) > MESRIRSE — R SRR AR
AR > R B MEERC (B 2C) - SikiR EilFA KEfERE - 2PEEE
(2005) HHH7E 921 HZERRRME/KE 2% » &EREURAR 2 2K
EIGEE R RS - BREEREYISE TR DR SR 58T - s e ez T
RENEIN - i EEVRrERSER - 30T SIS EE S/ KatEE - bR T AR
Eﬁ%/%/)IL7KTT§7KB§HHtH_ TR RN - AR S/KIH R B EE
SRS G A Y 1% pH {H - HREM IR - fE(LIE b
98 BECAWEE— R SU/KEISRE A K& S (B 24) - GE0Z L
oy FE A A DI B 0 de Souza %5 (2013) feHHEREENMHE
UK EEE R AR GBS G S « AR S8R B A = (E%
KEAHELANR LIRS - S8 EIFETEY 3,000 m - FOREE - JREE HIRE(RIE

FHEEJT R - 555 Anbumozhi % (2005) BHZEH NG BRI AL Sl 2 =
' WEIFIFHKE I GE0% DR T EEERERER - BmEMmA
Ry T8 ERFUK L T S AR S N S E AR R K ER LB
NIL&E EFsE— ERor SREE (& 2B) -

B ERROERILIA RS NS o R ekE R R R EESRE (]
2) B R R R H LT N ERS SR - AR T N E R S
SRB SRR L IR (ES AR o SR L H A A /K&
KigiE o MEtR0E BIRRA RS E - (ERAERRES A & - BUFELIIAMOR
HRNETRKERK » =IER (2007) R EMMEYIERE I RETTE
*%W%HﬁZAIM‘EﬁE@ﬁ%XF% P B EROT SRR BREUEES
T ER SR EHOA R RAE 0 B R UK R R S P Y E L
AT LA TR £ A S EOR MG - HhE A TARAYAREREIES » B0

BOFOKERIR BB RN TR - RIS 220K PR E
¥R D B HERSEEHLRE R T - REEEAARRN 255 HED
MKHTERYD > (R ERER A L R 52 UE%?%@J 7 RE eSS IV ol =]
% ~ GECEBLIREOR KR BA B REENE T - B ER s R - EE G
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LRI ZRRREEE Al R B E AT A
REARECER B AL - PREIASMEETT - BB ER  BURMEET
WEAH M L/KEZ IR G Rl EA 2R B MR E R b & iy - R
ZaBEZKE -

(I ERKKILEEE

=3 BEFFUKE T WMNE - AR S T NFRN R
I fR R B EOR RIS B NIFIRR » NIRE KR SRR R E & B
FAORESERER R - BN D SN B o EAREARTER - RIFR
ARsRIE R L T RINE Y - EER N E IR  FiAE Mg ~ Ca ~ SO4 1
HCOs » 4317 17.25 ~ 41.87 ~ 46.70 Bl 167.84 kg ha! mon™' » CD KT /K[EE
FERT 2 ALY EY) » — 8053 B KPR KIS 2R AKIE S » RS
FiEmER) o HitbiH ERK -

% 2 BUR NOs /£ YD BB » AR HD s > 2 5.51 kg ha'!
mon™ & YD Y 1.96 % (% 3) > [REHEHIE = > 55— HfkE NOs JIJFZ— >
BECZRIMETEEE 5,709 ha - AHESP MBS Y N AR » ZEEFEZATRIAM
gD BEEIHE AT B AR EGEUR/N
(% 3) > RItHEEGEEREA  EAXRAE SRR E - RNEFRER
E T EANMFRIE R PERAYAE » Chang 55 (2013) 7R 50 H
FeE BT > NOs & 524 40% » FEE AR HE 5= G
R SE RN R E NN E 2 EEE 6.5% » AFA(E 2.8% > Huang 55 (2012) B5EHE
HHRIRPREBL N TARE i 4T 351-1064 kg-N km? yr' > [fij 226 T B S B B3
B4 5,456 £ 290 kg-N km™2 yr'! 81 308,170 £ 19,241 kg-N km™ yr'! 2 HHRAY
it - AL HD it B2 A R i =

(IV) BRAK(EEEE XK

RACE R ERT TR E SR — » SRR RHEEAR 1 (R S) > difaiE
HUAT (I ERF R e 85T - AfE{EBURS— LR Na~ K~ Mg~ Ca»
SO4 ~ HCOs Him B {H » nIffese s fy 72.32% » 55 LT 1E NOs ~ HHL
mAEE > AR RE R 13.62% > {EAHR R R E ) REt
85.94% (3% 3) = FE LRI 1S REAAT ] ] SR VUGS AU KAE BRI 5 — £ 5oy
bR (8 3) > ZRNSUKIARKES - BoKenE oK - [FERHR T
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JTREF ~ AR~ IR BIER
DES % piriEr SEERE-YINEE VINERS Y G S 4=

e s EREEEARTRET L > BEEEEEAR > IR SRR NS
IREE LRSS - MERERS > 2B E R SR RO (E 3E) -

GO PD B E S R KR SKE I (& 3B ~ C) > —f% NOs
M EBRREN G (Fenn er al., 1998) > G ET S > SEOZSL PD
LS ANEFIANTFE - 1 PU BREECGEN SUKIIMAE R R > MRECEEEey
AT NOs #5% - (&5 — E ko hiayi (& 3C -~ D) - (HARZ

FEROTE(EAR(E 3A) - NOs BB MEIHEEFE L - BERERHMIZTK

= ABRATE T EAE UK > SRS Ry il 818 S LR AR ATK ) -
E o= SRS Y5 a1 o VAN
® 2 AR SR - ERRERERE KRR

Table 2 Mean values and standard deviations of ion concentration in streams of the

studied watersheds

YU YMlI YM2 YD HU HM  HD PU PD CU CD
Na 83.29 124.65 154.80 21938 5953 136.74 19531 14591 170.96 130.63 143.39
(6.20) (11.25) (11.79) (34.83) (9.95) (24.93) (31.24) (32.63) (38.77) (16.92) (17.74)
K 1876 45776 46.50 49.70 463 1145 17.17 20.18 1597 1048 10.28
(1.43) (5.66) (5.25) (499) (1.27) (2.07) (2.51) (3.50) (2.80) (3.98) (1.67)
Mg 663.08 035.53 870.83 1248.76 22212 572.57 972.12 1582.30 1152.01 674.45 713.28
(73.98) (66.70) (169.26) (129.25) (41.27) (81.83) (124.10) (293.78) (122.48) (67.41) (62.24)
cq  864.68 963.15 1160.63 1591.54 409.19 1017.29 1498.40 2141.51 1529.91 175570 1913.14
(80.24) (99.02) (131.49) (148.70) (63.27) (124.58) (161.70) (233.54) (144.16) (219.63) (214.27)
. 410 525 1218 770 290 484 610 1094 14.09 865 1443
(1.91) (1.53) (29.67) (5.99) (1.29) (5.80) (4.93) (29.21) (41.01) (3.07) (28.65)
o1 6.47 23.09 3032 39.62 476 2354 4383 451 3765 11.56 21.20
(1.21) (12.77) (14.58) (19.10) (235) (7.84) (722) (1.04) (12.62) (6.82) (6.14)
NO, 158 88.98 112.02 11948 343 6362 8798 739 8633 598 479
(2.09) (57.79) (70.28) (66.58) (2.64) (19.64) (18.75) (2.02) (25.03) (3.00) (3.55)
609.53 532.24 654.10 90142 7687 286.11 580.92 1070.40 668.04 1256.13 1373.53
SOy
(96.58) (77.01) (91.98) (143.61) (13.21) (52.16) (97.69) (223.53) (129.04) (169.47) (169.03)
Heo, 98282 1092.01 1395.28 2025.47 608.50 1327.16 1914.57 2837.11 2021.21 1425.83 1529.60

(80.67) (87.35) (287.64) (174.09) (90.69)

(148.49) (209.46) (387.09) (202.13) (156.21) (145.41)

DY, H, P and C represent Yusheng, Hehuan, Pilu and Chengwu. U, M and D represent upstream,

midstream and downstream.
2 n=22(HU, n=21), unit: peq L™

26



2018 HMEKEAEEHEIE * 17-36

® 3 AR - AR - ERRERE K EEERER
Table 3 Mean values and standard deviations of water chemistry yield in streams of the

studied watersheds

YU YMlI YM2 YD HU HM HD PU PD CU CD

1.37  1.03 1.89 205 202 3.09 372 2.90 325 335 1.08

Na (1.39) (1.18) (3.70) (1.89) (1.63) (2.10) (2.24) (3.07) (3.23) (2.32) (1.35)
0353 064 079 08 030 047 061 074 053 048 0.14
(0.52) (0.69) (1.07) (1.01) (0.31) (0.35) (0.12) (0.83) (0.50) (0.38) (0.18)
Mg 545 275 667 660 380 698 995 1725 1076 9.10 2.92
(4.65) (3.13) (16.00) (7.16) (2.89) (4.98) (6.60) (19.00) (8.51) (6.38) (3.81)
cg 1228 702 1322 1415 1204 2106 26.06 41.87 2460 3902 1278
(11.92) (8.20) (28.26) (15.60) (9.45) (15.49) (18.12) (48.08) (21.08) (26.31) (16.41)
g 005 004 007 006 009 009 009 013 013 020 007
(0.05) (0.04) (0.11) (0.07) (0.09) (0.10) (0.07) (0.22) (0.25) (0.22) (0.10)
oy 017 026 041 053 025 081 135 017 LI8 046 024
(0.18) (0.31) (0.55) (0.50) (0.27) (0.59) (0.98) (0.23) (1.37) (0.37) (0.30)
NO 034 1.64 240 280 030 431 551 057 494 058 0.16
(0.38) (1.62) (2.66) (2.64) (0.38) (3.77) (5.39) (0.78) (5.74) (0.71) (0.29)
SO 20.13 935 1751 1898 571 1419 24.17 4670 26.75 68.70 22.56
(17.90) (11.05) (36.46) (19.68) (4.72) (10.19) (15.96) (51.05) (25.25) (47.20) (28.73)
HCOs 42.66 2527 5553 56.76 5546 85.13 102.06 167.84 98.38 99.04 32.31

(41.33) (30.59) (132.64) (64.52) (43.94) (63.75) (71.27) (193.59) (81.72) (71.26) (42.86)

Lo 011 019 035 053 005 173 448 006 081 025 0.1l
LR (0.13) (0.26)  (0.62) (0.70) (0.05) (1.45) (3.56) (0.08) (0.77) (0.20) (0.15)

DY, H, P and C represent Yusheng, Hehuan, Pilu and Chengwu. U, M and D represent upstream,
midstream and downstream.
2 n =21 (HU: n = 20), unit: kg ha! mon’!
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Table 4 Factor loadings of concentration including eigenvalue, percentage of total

variance, cumulative percentage

F1 F2 F3 F4 F5 Fé6 F7 F8 F9
Na 0.89 024 0.02 -0.13 -0.03 035 -0.10 0.01 -0.03
K 041 0.60 -0.11 0.61 030 0.06 0.07 -0.04 0.01
Mg 0.89 -0.18 -0.08 0.26 -0.29 -0.08 0.00 0.15 0.05
Ca 0.83 -0.50 0.00 -0.12 0.12 -0.04 -0.03 -0.11 0.11
F 0.19 -0.10 0.97 0.14 0.00 -0.01 0.01 0.00 -0.01
Cl 0.58 0.65 0.08 -0.44 0.04 -0.01 0.17 0.03 0.02
NOs 044 0.84 0.03 -0.08 0.00 -0.26 -0.15 -0.02 -0.02
SO4 0.62 -0.54 -0.06 -0.10 0.54 -0.09 -0.01 0.06 -0.06
HCO; 0.86 -0.31 -0.12 0.08 -035 -0.07 0.07 -0.09 -0.09
Eigenvalue 415 226 098 070 060 020 0.05 0.04 0.02
% of total varience 46.06 25.15 1090 7.74 6.68 222 0.55 046 0.26
Cumulative(%) 46.06 71.21 82.10 89.84 96.51 98.73 99.28 99.74 100.00

® S RIUKBRERSAEFER ESFEE - FERBRTOLE - REr8R)

Table 5 Factor loadings of yield including eigenvalue, percentage of total variance,

cumulative percentage

F1 F2 F3 F4 F5 F6 F7 F8 F9
Na 098 0.09 0.01 -0.04 004 0.16 0.09 0.04 0.00
K 085 0.03 -0.19 047 0.13 -0.01 0.00 -0.02 0.00
Mg 095 -0.16 -0.19 0.02 -0.17 -0.01 -0.08 0.07 -0.01
Ca 095 -0.24 -0.09 -0.15 -0.03 -0.03 0.03 -0.06 -0.03
F 0.59 -0.33 0.73 0.12 -0.05 -0.01 -0.01 0.00 0.00
Cl 0.75 0.61 0.15 -0.13 0.11 0.09 -0.09 -0.03 0.00
NO3 0.68 0.70 0.10 -0.01 -0.08 -0.16 0.05 0.02 0.00
SOq4 0.87 -0.37 -0.03 -0.19 0.26 -0.10 -0.01 0.03 0.01
HCO; 095 -0.16 -0.15 -0.04 -0.19 0.02 0.00 -0.04 0.04
Eigenvalue 6.51 123 067 032 0.17 0.07 0.03 0.01 0.00
% of total varience 72.32 13.62 7.39 350 186 082 031 0.16 0.03
Cumulative(%) 72.32 8593 93.33 96.83 98.69 99.51 99.81 99.97 100.00
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Scatterplot : Factor score of Yusheng watershed
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Scatterplot : Factor score of Hehuan watershed
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Scatterplot : Factor score of Pilu watershed Scatterplot : Factor score of Chengwu watershed
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Figure 2 Projection of river concentration’s factor score. A, B, C, D and E represent

Yusheng, Hehuan, Pilu, Chengwu and all streams, respectively. (s) and (w)

represent summer and winter
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Scatterplot : Factor score of Yusheng watershed Scatterplot : Factor score of Hehuan watershed
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Figure 3 Projection of river yield’s factor score. A, B, C, D and E represent Yusheng,

Hehuan, Pilu, Chengwu and all streams, respectively. (s) and (w) represent

summer and winter
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Using Terrestial Laser Scanner Data to Assess the Impact of
Operations of Forest Havesting on Forest Roads
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[ Abstract] Forest roads play an important role in activities of forest management
especially in operations of timber harvesting, for the transportation of relevant
personnel, materials and forest products. The operations generally repeated using large-
scale trucks and machines can impose serous disturbances on specific road surface in

the short term. To take into consideration of both the preservation of the environment
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and the demand for timber production, it is necessary to assess the impact on forest
roads before and after operations of timber harvesting to provide scientific-based data
for following road maintenance. This study aimed at the harvesting operations of
Taiwanese Fir plantations in the Alishan working circle, selected the road sections of
transportation, timber field and no-operation as analysis objects. A Terrestrial Laser
Scanner was used to perform scanning for collecting light point cloud on road surfaces
before and after the harvesting operation to derive the digital elevation models to assess
the change of harvesting operations in topographic elevation of these three types of road.
The result will support the exploration of measurement and maintenance to forest roads.

[ Key Words]) Terrestrial Laser Scanner ~ Forest Road ~ Digital Elevation Model
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B 1 #E =4 RERE (Staiger, 2003)
Fig.1 Diagram of terrestrial 3D laser scanning (Staiger, 2003)
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Table 2 Assessment of road surface influence for different treatments
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NS BRI SR BRI B A (B 53 A

HEAR RS

[(FE] NESEIESEE R R - REEERE L —E A& R
PR DUEARSESRE ~ P ~ 7KOC ~ Bk - ERRRE S JT AT » PReE
P S KImE =4 FE 1980 FAERIPEE AL ~ -~ M=\ RIEE T
[~ R 2 4N = B R GBS - A 1986 4F & 2017 5% = HILEaYH
RET4CEk - LAH BB 23RNSRk L g = @IS R - N EEa R AL
Bl ~ T~ 2580 = MG R R 7 il Ry + 3429.8 ~ 3435.9 ¢ 3536.1 mm
HEAP LR BT 3500 mm (3467.3 mm) » S GBS 2500 mm E2%  BUR
Zim RN EE RS E - AMEENERZRETL4 210 H (&) BiE -~ &
R 2 I BARE AR PR & oy M 2 A AR T =AY 92.8% ~ 94.5% K2 94.7% » HHA
BEZRZEZ 57 o Bl ~ BF R 2 E PR AR (B H PR E = 0.5mm)
Iral Ry 142.5 ~ 135.1 F2 126.0 KX 5 [MJCEPEL AR E R SRR FE S & - 8UR
BRI PR A B Ot B LB SR B R A B R R - SlBgiRBl R ~ B &
LN = IREAV IR 7 Al By 16.7~20.7 [z 19.7°C » HFHRE 2 - 2EEENMRE
FRIEE - MRV R B R 2/EI S SR 2 - Bl - B RS E
15 PB4 il By 7.7 (12.3-20.0) ~ 8.3 (15.8-24.1) Bl 8.6 (14.7-23.3)°C » A
FRERAT E A EtEdiey H ¥R 2 - AN Eallaik H R S AR - =HE RS
PREILLT H R s HERA R 1 A - Bl ~ 2805 F 1 S H
SEZESSRI R 7,04~ 6.87 F 6.42°C 3 7 A FEZERIS RIS ¢ 5.73 ~ 6.50 K 7.32
C - Ef B R AHR HAETEINV R RN 15 R - H IS ~ B 2RBLE [ -
ZHEFHE  HMUHSGGETN I ERZERRATNWYHEE - H—J7H > %28
BREREREE > LS R R (5 PR DA B B o A s DU SR Suhivas
Bk B EARERL - Sy Pl i R ik EAYRE » SRR 24 /NIFFFREA S

U MRCERERAT NGB T OISR B MEERIER ¢ smy@tfri.gov.tw
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CLIMATIC CONDITIONS OF THE LIUKUEI
EXPERIMENTAL FOREST AND ITS EXTREME VALUE
ANALYSIS

Ming-Yuan Sun'* Shiang-Yue Lu?

[ Abstract] The Liukuei Experimental Forest (LEF) is the largest experimental forest
in Taiwan which occupied about 10 thousand hectares of natural and artificial forest
lands. For understanding the climatic conditions of this vast area to provide necessary
information for forestry management, phenology, hydrology, afforestation, and
ecological conservation, the Division of Watershed Management has set up three
second-grade agricultural weather stations at the northern, central and southern parts of
LEF since 1980 and namely Fonkang, Shanping, Donna, respectively. This report
summarizes the effective electronic records of these three stations from 1986 to 2017,
and presents the climatic conditions in monthly resolution for the LEF. The average
annual rainfalls at the Fonkang, Shanping, and Donna stations are 3429.8, 3435.9 and
3536.1 mm, respectively. The average annual rainfall for the whole area is close to 3500
mm (3467.3 mm), which is much higher than that of Taiwan (2500 mm) and indicates
that the experimental forest is rich in rainfall. However, rainfall in the LEF is occurred
mostly from April to October (wet season). The rainfall in wet season accounted for
92.8%, 94.5% and 94.7% of the total annual rainfall for Fonkang, Shanping, Donna
areas, respectively. It shows that the rainfall is extremely temporal uneven distributed.
There is a clear wet and dry season in the LEF. The rainfall-days (defined as daily
rainfall = 0.5 mm) in a year for the Fonkang, Shanping, and Donna stations are 142.5 -
135.1 and 126.0 day, respectively. The rainfall-day in the northern part of LEF is greater
than that of the southern part while as rainfall amount is less than that of southern part,
indicating that rainfall is more uneven temporal distribution in the southern part of LEF.
The annual average temperatures in the Fonkang, Shanping, Donna areas are 16.7, 20.7
and 19.7°C, respectively. The whole area of LEF belongs to a cool climate zone, from
the judgement of annual average temperature. The difference in annual average
temperature is mainly affected by altitude. The average monthly temperature difference
for Fonkang, Shanping, and Donna areas in a year cycle is 7.7 (12.3-20.0), 8.3 (15.8-
24.1), and 8.6 (14.7-23.3)°C, respectively. Comparing to the monthly average
temperature difference of other experimental forests of the Taiwan Forestry Research
Institute (TFRI), it is relatively low in the LEF. The highest monthly average
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temperature is in July and the lowest average monthly temperature is in January for the
whole area of the LEF. The average daily temperature differences in January for the
Fonkang, Shanping, Donna areas are 7.04, 6.87and 6.42°C, respectively; and that of
July are 5.73, 6.50, and 7.32°C, respectively. Other monitored meteorological factors
in the LEF are humidity, solar radiation, wind speed and direction, and evaporation.
The physical quantities of these meteorological factors are presented in monthly
statistics. On the other hand, extreme climates have become more frequent in the world
than ever before due to the influence of global warming. In this report, the records of
the Shanping Weather Station were used as basic data to analyze the extreme
temperature and rainfall thresholds for using as reference of various experimental
studies. Results indicate that the 24 h accumulation rainfall must greater than 800 mm
to reach the threshold of extreme rainfall for the LEF. However, the occurrence of
extreme high or low temperatures are relatively high in the LEF.
[ Key words) Liukuei Experimental Forest, Extreme rainfall, Extreme

temperature , Rainfall amount, Temperature difference

I ~FIS

RS BRI A BETSE DB A S BB B TSR 250 % 2,600 4
BT 9,882.33 A EIHTHRHY » AT L SR BRTIICHLAT - FAE S IEIE B
R EL AR MR B R R » LR MR8 R BRI SE T - 2B 5E
O FAE R 44 BIFEITP TR Db o0 B - Rl EE 69 5B AE I P35 4
TEBEE FRETR B - AR - ERE (AR RERFRSNT
BN S LRI  ERE 75 P - BRI RS M E R T
SRR KBRS T T A ~ B - 24) R RS
LR £ R — SRR SRS IS » BRI L ¢ R - U - R -
SERE - MR R R S BORCE TR E BN - B Ae SR o EIA
BHFFE LT GG B, Campbell ZAFIHHEEN CR1000 ZA40E(TRM > -1
SIS T 2 N B T4 (SUHED) - e R (A S 7
PRI b « AL SEARER (1986-2017) B AL A AER AR
R -
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A PEIRRER 2 YR BHIRIL © (B ATl R 3L P R oy Rl ~ PR =K
MR > 3 RIPARR ~ P RRULSRSR UGS P RO BRI - MERCHE » i
LU PR G b sk pea al B bR BRI HY SRR R 2 4 = R R IEHIAC Bk
TTHET - AMPESRE TR 9 2 25 MR AR - NACE A E D AEERE L
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Figure 1 Location of meteorological stations in the LEF

m ~ BA5E057%

(1) REEEEEEIHT
B HIEES HIFY A B E R (sensing) ~ 4C8% (recording) ~ f#%% (transmission)~

EfHEHR (translation) ~ I fRACIE (editing) ~ (7 (storage) FERCSZEHPTER - i

CprE O E R R o H PR I ARECRREEIRIZ(E (outlier test) JHIEL (Chow et

al, 1988) » MIERECHHEBHEN GERAVACEHE & FEFGRLUFEREIT - B EREAE -

AT EE B R T4 ~ B EES T T - DRSS THBUHIN + 2 H 40 sk BT
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(1) Ao g ol A
AR LA 50 A i E sy~ S e ) e P 2 7 SR s B o i (2 PR Y IR
Foo RS ]l B H R R - SoffscstFrmR D EPEL - B FFR AR
B4 (annual maximum series) » F AR {E 55— o3 M s BOEITARAR 34T » 3K
T AEEEFEZ 24 NFRER 2 [EMNE o il (E 5 — B o A AR el 8k
(Tomlinson, 1980 ; Lu, 2016) :
F(x) = exp {-exp[-(x - w/a]};
H F(x) S8 X (VRBEHER > a B v 07l
0=60.5s/1t=0.7796s,
= Ave(x) - 0.5572a, with
s AR (standard deviation)

MBS E R AR (T) B97EE (XT) wli NS
XT=u+ayT,
M yT=-In[In(TAT - 1))] °

(D) b P R L £
AR A Y FURE R Ry W B85 Hfii (normal distribution) » 0RE S A B i)
B {0 2.5% SEEIHR AR A mmh i o B RE I Y B -

f(x) = (1/s(2 77 )*))e "1

Hrp f(x)j B8 x BAEAER - s BERERAE - 7=3.14159 - e=2.71828 ~ u
FoSE8 x HIFE9ME -

TRERRSEHINS 31 AT FDREACE: (UBREAZRHE - 9 H 981 800 E405%)
TR AR SRS HAEIE AR 2 - T RIS iR = 97.5% R AR
2.5%LA AN AR R s R EMEOR AR R R R B RRME. (P > 2016)
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mm % - BRZaABMREEREE o AT T ZNER TS A4 2 10 H
CRZ) > Bliw ~ 3P R 240 L BT AR & 0 Bl e AR T & 1Y 92.8% ~ 94.5%
J2 94.7% - BE b BBtk 4 AR 10 ANERTE V& - HESE S 2 9 B
AR R & » 1T e ~ 1 B 2 40 = W [ AR R PR 70 I S 2 A 4 PR 2 Y 85.0%
86.8% J¢ 87.5% » HEUT R BRI FRAE I o i s R -85 » HBREREZREEZ )
TE 2 2 4 AEAME > b REES RE AR R RER AR SN E (78
2 RERENRE) - ARG EHIEEREERE - FlE0IrRk/KiE 2 F%&MK (Chen
and Chen, 2006) - 7S 8EEAERME MG S AEAEMERRNY 7.8% » THEFHR 4 H > 2
FERRERI% » fIb ERVIEMIES] - BrRIRAIERITTH A R - 2840
56 HEEREZIE BRI sRALF R MTRGS - 5 B rE 7 3V BRI ra
ZEGR TR (PR & BB EN LR REEEE 2R E Y
FIO R — AT R BRI 240 > B B 5 SRR S IR PR N SEaBiih 2
FERETH 30%%E 37T%HIRERTEFIE S ~ 6 HAIMGFRIH - FoslBaik &Iy B E %
PREIFEPRBURS - BEZABEIHRINA MR E 2 e RS EE - ([HFEFR 5 2 6 HIREEGE
e RS H 4B RS REEE KT 15%LLT - # 5 & 6 H R X BRI H B
fREPR

BB PR S R PR 7 22 9 H » FERAR 5 2 5 Be R SREVRERR © ARIE
TR HISET - 2% 100 FEHIFFELIH 3.4 EReER S - HP4Y 80%LL F
S AR L AR - 7N SRR Ry G V(= 5 PR 548 5 PR 22 A Y B » TG VP vy 2R 2~
SERFERAVERR Rl e B E BN TR - BeEFRAYEE » F1ER
ZEERERE S EANAERE - ER 55—tk R E M - e E v A
Ee/KRINRM » ZWSEEWOa8 T - £ EFHAVERRE T - S Al 5E45 1SR
BHTERE PR 253 A N B RV F1% » TR L RARE s Bk - SR st ] - 2 ZRAF%ERR
EANEREMEEZENKER - HERESMEREERER 2 55% « 1 10 579
FEPREN I R B R B RN » 263 44T A 5 B8O R Rk BER A SRAVFERT -
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(I) FEFRE

B~ FoP R S At A P I A R B (B H [P & = 0.5mm) 53 519 By
142.5 ~ 135.1 Jz 126.0 2K > (i G H Bl e AR R R S AR R m BB etk > BBk
el EES ML e R PRI D BB R E R [ 0 A B R © B0 > B ~ P R S 4t
RV i R PR R B 1l By 32~ 31 Jz 38 K » Ho i A A (R Al Pl R B 2B A
1995 4 10 H 10 HEFE 1 H 18 HAYZ4uiilE - 5THE4T 70 KMEELCHREIREN -
Btk R R ACEk R 65 K e PHIE ARy 62 K - AR ST KB i PSR
Z— BURZ R EREE T - MM A 5 5 2 R -

(Im) R

ANIEAERAENE B RS ARSI R B B 16.7 20,7 2 19.7°C
FFEERE . - BB RN AR - RN Z B X B eSS
s o Bl ~ R RSN TE H PR Al By 7.7 (12.3-20.0) ~ 8.3 (15.8-24.1)
B 8.6 (14.7-23.3)°C » FHERI MR AR HAnsABaAAAY B 022 » N maEabk A 400
FEAHEI AR (Lu etal., 2000) sk SRVERR T 22 K4 REP 2
EAREESREBERLENRR LK &8 iit@Ei ez g2 MK
B Bl PR A = MR A s SR RO R AN 3 A Fy - -1.2 > 3.0 82-0.1°C >
YIRS A AR A RIEEEIS I B - ER IR HIBES BE2EE A IRz K
SR G iy SRS A e B B B ~ 3~V S 2 GNP an sk EAY e s 70 Al B -
36.6 ~ 37.8 B137.9°C » ¥IEA4AE 7 AR o R B RFCRAERE LR - A
B SRR EB A RS Y HE - =AM AR T H s (DB R
= HRISAE 8 H > X R 3 AR AR R TR ) B H R AED R
1 By (DEEGEARAMREEE 2 B BARBEEIRE AT =HEAY
it B B RELRFEALEAE 2 2E 4 R o 1 H KR 7 HEVH RS S B
5 K@ 6 Fiow o Bl ~ AR 1 H I HRZE R - 7.04 - 6.87 J 6.42
T 7 B HE AR R £ 5.73 ~ 6.50 k¢ 7.32°C - | B HigErB 4T
12:00 ~ 14:00 Kz 12:00 » (K A5 FIEE4LE 06:00 ~ 07:00 £z 07:00 5 7 B{0=
AT R4S 12:00 ~ 14:00 F2 12:00 - SARRAIFEEET 06:00 - &5 H i =R %
A B R LY R 5 B R (% 0 R PR BRI TS A > SR A2 BB
B e J A S R B L T RIS AE A4 2 /NG » T BB R A 38 R A KPS R
R > 2% B HAE R 6 B -
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Figure 2 Monthly average rainfall and temperatures of the Fonkang area (Jan. 1986-

Dec. 2017)
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Figure 3 Monthly average rainfall and temperatures of the Shanping area (Jan. 1986-
Dec. 2017)
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Figure 4 Monthly average rainfall and temperatures of the Donna area (Mar. 1986-Dec.

2017)
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Figure 5 Daily temperature fluctuations of January for the LEF
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Figure 6 Daily temperature fluctuations of July for the LEF

(V) RERRRT

HyBlR e LAETEN fRZE T A - BE (humidity) ~ H IR
(solar radiation) ~ JE(ZREA[E [7] (wind speed and direction) ~ &3¢ & (evaporation) =
HE - BE/RKRTKIEGENZE » fAHEERSNEEE 5% - B
ENREGAEZNEE  EFRREAE/KRREIE - tHR - /KRB - BEEE K
MH¥RES S - K AT R RIS AR ER 5 - £ —ERT]
BURE T BALASEZ2 R /KRy o T B A AKOR T 3T B 7o B o JEUERA
RIS R Z 172 » 18 IS A RN (m/sec) - H IHES (solar radiation)
HIERIGHRSTRE T » 5 /ME (near ultravioletray » R4 0.3~0.4 y m) FIHTEL
HPR (nearinfrared ray > JZHREY 3~4 m) 57 EEfH] 2 BEETRE » H IRHEH B H SOE
FyBRAIEGRT (B H) B i fE YRS & BRR(E - @ L Miim® (HEEH/ EH
>K) 50 cal/em? (R/AEJTASY 0 1 MI/m? =23.9 cal/em? 5 1 cal A 1 ATEAY/KAE
1 RRER 2T 1 SRR TR EAYEGE - &Y 4.1855 fRH) KB - 2882
REECEIREAY /K B R ARV 52 » B TR A E HVKAEIRZE# A L 2K E - 1
Rz e - HBUHIZEAE 1980~1990 HAREN RV R 240 A 120 cm ZE S MAETTZ
PR EEAL Ry mm/day - AHBAEDHIA F0Y H&EHEY IR 1 -
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® 1 NESBWERRRRET A fEHE
Table 1 The monthly statistics of relevant meteorological factors for the LEF
TR (%) R (MI/m2) JE 7 (m/s) 7% 5% 8 (mm)
FK SP DN FK SP DN FK SP DN SP DN

Aty

Jan 86.6 85.8 84.3 355 288.1 329.6 0.67 0.7 0.57 79.5 61
Feb 88.1 86 834 326 2923 3142 0.67 0.72 0.62 71.5 94.5
Mar 887 84.7 85.1 373.6 354.1 3754 0.65 0.71 0.63 99.3 95.5
Apr 91 869 86.2 3544 4014 3842 0.61 0.76 0.67 100.5 82.6
May 92.6 89.8 89.2 336.1 420 409.2 0.58 0.76 0.64 1154 94.9
June 933 89.6 89.8 340 4323 408.3 0.67 074 0.7 92.9 93.6
July 935 89.6 89 34577 479.2 4529 0.67 0.77 0.8 104.1 114.7
Aug 933 902 912 313.1 4115 3734 0.7 071 0.78 89.1 101.1
Sep 942 903 90.8 2974 394.8 372 0.56 0.66 0.7 82.2 57.8

Oct 92.8 89.5 90 316.5 3543 3426 052 064 0.6 82 74.9
Nov 89 88.1 88.1 330.2 2834 303.4 0.57 0.63 0.59 77.2 65.5
Dec  87.1 87 86.1 319.6 2545 295.6 0.61 0.65 0.55 72 69.5
Y 909 881 87.8 0.62 0.7 0.65

4T 4,007.5 4,366 4,360.7 1,066.2 1,055.5

FK B SP: /3 DN: 24

(V) il RHE

DUkt 55— o0 A e O T T AR A » SRAS RS A& 2~ 10~ 25~ 50 ~ 100
Eo R EEA R A 24 /NIFER &5 R By 0 310.8~572.9~704.7 ~ 802.5 i 899.6 mm >
MR 24 /NFF [ Y5 fy 337.4 mm EH)&H s 36.5 % 873.5mme
5 AR PR S ez & S0 A7 [l 3% A AR PR S0 R il pi & > RIS gl
Btk 24 /NEEFE R & 72 800 mm |77 AT Ry fflimfEEpl -

NEE IR Y 24 /N PR AC SR Fy B HEIE 2009 4F 8 H 8 H 02:00 % 8
H 9 H 01:00 7Y 1,290.0 mm (EH7vEfEE) » K E2648 2005 47 H 18 H 12:00 &
7 H 19 H 11:00 £y 1,065.5 mm CREEeE) - /&9 FS NG 2K
B AR PR EE 2 - PR E RN EETHRENTE - £ 24
/NEFRYREIERR & o By (1) KPS fy 24 /NP Z2GHER &2 SOmm DL E - HE
v/ D —/NIFERIEE 1Smm PAE - (2) SRS R 24 /N 2GR &2 130
mm PLE 2 (3) REREFEL 24 /NFRETERERZ 200mm PLE - (4) BRSE
PR By 24 /NIRRT EEE 350 mm DAE - SCSRHARSTEL S - R EL 40 =5
UhEE AR R SERE TR 12 X S PERFERERE LR BUREEERT KAV R
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SEREABM IS R > Ryt e BB SR IR LR AR T 2R R - kg
RREHVEFRANEREN BLIEAE 2 FHEBIAFE (recurrence interval) HY[E
PR » AR EMFS R 5 FEBHIENRENE - SEFRREN R &% T
BEHGHEE  RERHENRERE P TRER S EER L (BEFHIUER
AR - A28 TR A0 45 AF - 28T LA S PRARS AR PRI 3T Bie 157 Rk 2 PR »
LR R S » & EHIE MR P EEE S -

(VI) i R

A Pt Y PR R Ry B RE i - SR R AR R 97.5%
BN 2.5% R RO S 1R R s (DR F IR AE - FroRAS2 B O3 A i &
FEEAIZR 2 - fli s (EOR KRB AN - A EOREFRAE () 8B
fidim i R B BB Ry © ELR IR R B 2R B R BRI » TR Ry 2 T80
2 sz 0 PR R E R AT EL -

INEEASRMHENE Y A R R R B B T E /D IR 11 5842
FEZE (chilling injury) ~ 7§ (frost injury) FIH=E (freezing injury) FHEH @ /b
HREGRAEE - TR K SAAYINEIER BT -

® 2 RPEtES Ao H39ERE (C)
Table 2 The threshold values for extreme temperatures of the Shanping area

Aty mErh EmER s ERCROE R E RO

Jan 20.18 11.41 12 29
Feb 214 11.78 14 23
Mar 23.99 13.44 4 31
Apr 25.1 17.18 9 36
May 25.64 20.03 19 25
Jun 26.44 20.73 9 13
Jul 26.43 21.76 18 23
Aug 26.01 21.35 10 36
Sep 25.38 20.07 20 21
Oct 24.53 18.91 14 35
Nov 23.23 16.1 1 42
Dec 21.14 12.26 15 27
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7N VPR e P s Y Wk, - MR SR IR - 0 DARA BB HY 2 AR I [ bl
FEPRE S - NBEREIH LR AR e B & » 12 = s R R EE
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FERY BAESRATIRE R - MU i WM AR - AR AEFRIZ E
FAEE > N s AL EER o g p RS I EE RS ST  (EE
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5B~ EERBE ) ~ 2K B EFHE o E ] ZREEEMERBSIR - G S TR
FHLLCEA AT -

VI ~ 2 Z 38k
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[ Abstract] Landslide disasters occurred frequently in Taiwan due to the combinations
of steep terrain, regular seismicity and extraordinary rainfall events. This study aimed to
investigate physical and chemical properties of soils in nigh landslide areas in Taiwan
after vegetation restoration, and to estimate the water storage capacities of topsoil. Soil
samples were taken from the landslides and the nearest unaffected forest areas to evaluate
influences of the capacity of water storage after vegetative restoration at different sites.
The results indicated that most of the landslides have recovered well since the porosity
and water content of soil is not statistically significant. However, soil chemical properties
showed difference between landslide and forested areas demonstrating that nutrient
cycling might be affected by landslides. In addition, total water storage of topsoil is higher
in sites of northern Taiwan and lower in sites of southern Taiwan for all study sites. This
phenomenon could be attributed to the difference of soil texture and organic matter
content. Further information on the long-term monitoring of soil properties should be
provided to investigate whether landslides are stable.

[ Key words] Landslides, Soil properties, Soil water storage, Vegetation restoration
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I ~ At 7%

(D) BFEE
AWtFEi 2t 9 RAREHIAETT IRV LB T - SHET AR KT
ZARMRHUAETTHUE 7347 > B0 ERg A [F] R A ~ it T ) (R B
THRERE - FEUBERNFE | SEMERNFSTEE M

=1 HFRHEAERR
Table 1 Information of study sites
e T TWD97 PEiZ FERESR  RREE
ERUERREEHY  PRERAEEYS  286186,2732729 2004 28 H 1.3 /AMH
WhEs FAAE  PRERAIEEAES  286036,2730019 2004 48 H 7.8 A
KZBEHEE
S 1S3MPT MRERAESE4T  287782,2730290 2004 4E8 H 0 6 /A
6 S HRIEM
T/ \BEARERM  ECERAEREEE 234669, 2689521 EEEA) 35 A
B/KUIAREEH  ETERAERESE  234372,2689066 2006 & 6 H (/A=
EsLLEA BT
AR
HETEARIEMT  EMAEERAT 214405,2588690 2009 4E 8 H 4.5 A\HE
RN bR IE
3.5K g
KEREH  SEBAEES  240513,2476848 2009 =8 H 6.8 AlH

FEfCRARE AT 226367,2621443 2009 £ 8 H 2 NIE

SERANIEAT 216100,2545388 2009 4E 8 A 14 A\

1. gREERRTRMY

ASHEAL DR ERAE BT = Fetth | - (L0 &R S5 /E AR AR R » ABR Ay £
KRR By 2004 4 8 F SCHIHE VAT AR B S BRI A Ok E 2R AR A AR
HikhE oy RodlE > By LRt R aREERESS Fta it - B AL AR ALY 14 ha - 1
R SEESS AR IIARAY 1.3 ha LR TAE B[R0  W)OHE L0 - A48 - i
BPEK B AR ~ SRR B 5 AR - bRt B A B e I A s AR
ERET LA T IR E BN A B e e A R Y AR BB, o B RETTN AR Bt B
RS AT TR E > DA AR SR - SBAY IR AER L
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2. WharfraRsah

Wb AR Y DR ERA TR AT - [N 2004 £F 8 HICAHEEKER - 1SRk aetr
F/KIERE 113 € 4k+800 iz 5L BrEEARLR » ARSRIAITEEY R 7.8 ha o LIS FRERHE
EHE TR LUE R FE A TUARG(E - TAZM g DAL (Chloris gayana) ERJTUEE
K. (Neonotonia wightii) EAH LARERZE FITE 078 & 2 00K > Bo & —HEAVRAE
6,900 FRAATE Y3 IR Bt - IR B a7 R e =W A T0EM(F - B
RERIRE SR R (EREFEMAE S K B ER - SRS (F T = AR
R BRI R B s B - BRRLE T S AR SR K R B AR M T TR DA AR RSt
TIRATIRAERT -

3. RIFFEZFEESE 153 PRYL 6 5EARInH

KRAREHAL PR ERAE AN - Bk 113 48 3K iz - R I7KES K@ PR -
HERESS - TEERRER - 0 b RTHA 921 ME G Rk T ERRE) - 75%DL RS E A A FE
B (s S5%LA B bRt - 57 2004 F3CFIRe BV SRV K B R SR 2 - S RaRim &
= TIRNA GRS T8 TG - "BAUE K S iE 55 - RS EI7A R
7 ZEICESE K (Rhus javanica) FAHERY (Acacia confusa) BHE » BBz HE _EK
AT AR - AN E R E — R - R HW Rt b AR A LM E
FERER - fR AR SE A R B IR IR 5 MoK E Tk B DIRE BRI SE A

'ﬁ-:'%: o

4.+ \IeArsE

T B AR R L R B PR L B - 2R > B e % > HiRrae
Gyt B B ao/KGURT, « +/\etth & (i p AR B > 1 AR (i I
[FJ3R S TV B2 P A B 2 ) - & (U N B A R AE Y RdeE RS BT - 1
THKESTE ~ 2K ~ B SRS - A& BAmipit VB SA &y - 58 2 iR
fiat 2 ORI A > NI RS R B SR P EAD AT 2 ARobi st o > DA e £ bR A2 52
EhH IR E R -
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5. B/KYURRERH

BKGT AR ALY v S B P i < SR BRI BH 3 B 11 AN - i i % b
B Z AUARILLISRz 3t » By R 22 3 st 6 = SR (3 it R 2BV R A E I - 3t 25 TR
5 FoEFAHE - Bt EFEFE RS (Pyrus pyrifolia) ~ 45 (Citrus reticulata) F5=E » =%
2006 - 6 H 9 HZ ZMisgE » B A RFEI g8 » BT 5 EEEEL
BZIBH 16 7 o K&KV [ Mgkt o] (AU - PRI R ARsmdt R e 1T 1238
PGS E - AHRA AT R Rt TR S M T o -

6. #BLLIEA b7 HAssst

ABEALALT P RARE S AR - 52 1& A 2009 47 8 HE veligE - BETiiE
2 780 mm - ] EITHEIE R T A KBRS o s% AR AR ERIE TR 2 ha - HEZE
FER 184 ha - TETIUARES - BAHEE T - BUkl - SK5 - B
AR - BELLEA_ B 5 pRERMt R 8 3 R R TAR (Phyllostachys edulis) BAZS[E 2 13
I > SUEREAL T BT ARt M S B S A [ - R 2 A2 5% -

7. ESHARSRHL

AEEAL ALY 52 A A B AT N BT RE SIS R M - A& 2009 £F 8 F ST ve g
JRFHRET BRI AR - LR AR RORESS 1 AR NEY - ARsRfagy 4.48
ha  fHEA T2 EEHE 0 - BoKE - BEUEIPK - SEEEIE S - AR E T 2T
AR B R 2 AR A SRR S 5 AR R St L B R -

8. BEFIAKIE 3.5 K ARt

BRROMRIE 3.5 kTR GAE L ARERHEIE (R S e 7S SR s B E A B TR E, BT
2009 £ 8 HINFEH e Re M S IEEIEEE - G AEIIFRRKE - TR D
TR ~ detta I PE/KEE ~ B B ~ FTME S R i A - HATtEA:
AR RAF » EF Ry LIk (Trema tomentosa) FAHEME R - AR
DU Al 2 AR TR T3 E - H AV R AR A [FE i S 5 g s i IR 2 B
oL FEICI AR AR A AR B TR - KB E 2 AR (A -

9. REARRHT

REAFFHALT & AR HAT RS - K 2009 51 se g el (= B i R A8
AR E - REEWIER MEEARTEREEEN » fREHVERL 6.8 ha » HA
77847 300,000 m® > HE 14 5 EEE T ARUEE - EPREELY 200 m o R
Y 5 ha - BERTTEUR LT R S BRI - AR EI e 21 S ARt K 5 &
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AMRHE TR R DU FR SRt T BRI PRAEHR L
(1D H5EITAE

1. SEHUE
AIRFEERAL T R T 20 0 A& ARsmit S 1 AR aRit, - Abiit - JRE - 25 E
TR [E] LA R RR ST T i M B o0 B S I ERar 3-6 (AR T -
BEHUEE > 2oy Ry Eh i LSRR K I FR e M T R — 4 -
(1) EEHIE LA
PRENME TIREA IR TR E A - R E Ty B B S (5
8 AR S (88 - B - 5% AR AL T - At
FEPPRAURDR Y50 SRR E R 1 (0-10 om) HETTRTEFEAVELES -
DIAE1S ez i g B AR MY IR LM BOA -
(2) FEEBE IR
FREEVE TR AT IR RRG S  FLISR M e e /KRS [N/ARE
SR ey A7 A 25 2 S DB JFUGIRN » ARBHTFEsR L U > ISR A Ryt
TR 100 Kz 200 em3 2 @ oI AR T 2R g T (0-10 om) > FLIgE
TR E R ZRA R > DAETAEU -

2. TIEYBME ST
(1) BT
DALLEEHAEITHE » A L E o T (T LEEk 2y

1995) » LhEEETEE 2 RE ST 19.4°C - GRS 1°C AR IEEE 0.3 R 2 FRF{K
1°C JH)EGEE 0.3 -

Bhkir (%) =100 —Ps/W x 100

FEKL (%) =Pc/W x 100

Wk (%) =100 (%) — BPRL (%) — H5HL (%)

Ps : ELEEFTWIRGEE

Pc @ BFE 2 /R ELEETEE(E

W TIEEE (9
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(2) 48RS (510 #E LR
DAAROEMEITHIE » S35 B L T (IR 2 dr > 1995)
B A SEOHTES T (B35 R 2007)  —f% LI R s (B EhE) 49 2.6-
2.7 gem-3 » EiE EZ EHEHCEIE 2.65 g cm-3 TR ETHIE -
YARBETE (gem”) = Mz HIE / @B LN BHE
FLBRE (%) =100 (%) — (TIBERGHE / T3 THIEE) < 100%
(3) BTEE /KT K EHE
TIERSIR B /KR E VA THIE < M7 )77 AMIE T i (FhEE g
KIS > 1995) ~ (TR R IR B IR M Ba T (NIEA S280.62C) » K+ B B -1t
(FF5HL ~ BRLE - 2007) -
BERE /KR (%)= (EFZHIEE - L2 1%E)/ @ HEE < 100%
K8 (MF) =1+ EE/KpEE /100

3. HIEALEME ST
(DpHE
{fEFHERUEEITHIE « SITITARBITER R EZE B g 5T (TARI
S501.1B) » AT R IR BRI IRER AT (NIEAS410.62C) » LLAIKEE 1:1 #E1THIE
(2) EEHE
EAEBEABETIE - oW A RBITEIEREZEgRERBA
(TARI S101.1B) » Wi’ 4= 7K ELCA Ry BT - SEEEHUR -
(3) BrELL
{fEFRREE,  ALAMEHIE AT TRIE © ST AR TBIR R EE B g R
BPf (TARIS201.1B) » JeH30pAr MM (FREE HieitEE g » 1995) -
BRELL =C % /N %
(4) AEEE
{EFRREE, “ALSMRMIE AT RIE - T AR T B R EZE B g
5P (TARIS201.1B) » Je H88800Ar FMft (FhEE i pitE2dr > 1995) -
BRESE (%)= GEREIR (%) x 1.724
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(5) e FcH#as & (CEC)
{fE BSR4 (NH40AC) HETTHIE « /3T 7 A RIB T B IR (R B IR AR T
(NIEA S201.61C) ~ Je H3#rEiaT- (5L - BRE - 2007) -
CEC (cmolc kg™) = Bl 2 2 & (ml) x N (Fifg 2 & =5 HE) x (100/+
fE) x 2

4. GEtorth

RERSETIATLL SPSS 20 $RASHETT - (LB SR G Z R EREUB 1L t-test
(YIFRERHELAAAN;) > K2 One-way ANOVA (={ELL_EAHAIH]) F5FC LSD Higtn
TEHELT « AR s e AR (AR - [E/E M) » RIIZ LA Wilcoxon signed-rank
test (il A) B¢ Kurskal-Wallis fE (={ELAE) FEREORITE -

I ~ SR 5w

(D) ARt AR A1 T ERIRAER

SRR HE AR B R A IR ME B WARIRDC - FT RS H B PRAG Rl St [ B A
A AR TR DB AR NI AT TPRES - AHRR R ELFREREE ~ Wby ~ BE AR
SER M (R 2) - B IR =AE AR > S ARt B B A
5] > #REE SR B R B SRt DR S B EGRMILE > R & BRI e
5 R R R AR R A - — 2kl - ARimitatg TR & B R G S
ARV - B RE R A AR R 5 2 S el R A BE - (PRRIES B 5 e
% > 2011) - [ TIPS E - BRI 2 FRERth B vt i SR 3 R AL
PR IR AR S - Ho Rl BAN B - BURA R K &R SR IhRE i 28
Hitls L A  ZRITT T LB 7T MaE] (1985) MR- 88/K oy ZhmE B L s EL 1R
(RIETT > W7y Ry RFLER ~ MHFLBE (Coarse pore © B& ALIRELNFLER) FATHAL
B o RILPEHIIN B BB 17K 218 RO KR E B Pt AL EE R 1F R EELL
ah LRI B R B K& TR 2 50 o A > BRI
(2009) JRfEHY > HFY HI P FLIR R T ~ A R 22 SR AT IR S KRR FLIE
Kb LB B /K ST YR - ARSE H AR DAL R T K &R E i 92
RS > RIS REST T FLI R T — 2D 2 o3 AT -

FEHBEEEE Ry nEHAWE « CEC RALBERPR T ARHIESN - Hik
BRI E EER IEARRE - EHR IR B E TR R A T E i DA B 188 - (R LIRSS
MVEL (EEE - BRIAR - 2016)  ma BAVEWE EE HESRE Y DL
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HIRNEI & s Ve T MR R A& G EET SR A 8 (CEC) » M
(2009) FARERILIDERERHEAVRITEREDT » HIRAWE S EE 0.5-5% - AT E
FREEH I HR B 2 A AR MO HERE=E S (ALY 16.29%) - 83
MR R AT REAH & PR > REAVRESE i b LIRS B AIRE - It
O o ERSE R b ARt 2 BB B E R » U IR (LU E RS - ML
BRI B e B DU M A bt s - IR A EL B AR s I oy e T R
HEHYIERZIRETLELY 20-30 - S HBRE LB AR ML (40.77) AIAEfE 3%
A REERE - BEEKER - DREERMEE 2 EEE R AR - A [E &
B AR R B 2 TS — > bR T A [ R R - #sEit e
AR A IRE & BRGNS - BUR TR E R R T -
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Table2 Soil physical and chemical properties of landslides and forest areas

BEE M befr efr BEE O BE KR KR

AEVRI sommr  sobkit S9N AW BUEM AR SR AU
bk 81.44 62.11 68.14 83.47 58.87 70.83 61.42 48.63
(%) (0.03) (0.03) (0.02) (0.02) (0.07) (0.08) (0.14) (0.06)
¥k 13.53 22.26 17.44 9.87 19.34 14.16 20.29 22.72
(%) 0.03)  (0.03) (0.02) (0.01) (0.02) (0.03) (0.08) (0.03)
b 5.03 15.63 14.42 6.66 21.79 15.01 18.29 28.65
(%) (0.01) (0.01) (0.00) (0.02) (0.05) (0.05) (0.06) (0.09)
Bt wE WE  BE WE B WE BE D
@E b WL WL L mE  EL mL L

QB R e 0.79 1.03 0.94 0.50 1.35 1.20 0.81 0.95"

(gm?) (0.33)  (0.16) (0.46) (0.32) (0.30) (0.19) (0.04) (0.02)
FLpg= 70.28 6120 5699 8122 4879 5477 69.38° 64.14
(%) (0.13)  (0.06) (0.17) (0.12) (0.11) (0.07) (0.02) (0.01)
, 1.11 1.08 1.23 1.19 1.03 1.02 1.03 1.04
Koy fril (0.04)  (0.06) (0.13) (0.07) (0.01) (0.00) (0.02) (0.02)
BREES/KE 1831 19.82 1699 21.39 2229 2448 13.74 19.89
(%) (8.57)  (5.68) (531) (11.38) (8.70) (4.77) (6.27) (10.46)
kgD 2,175 1,908 1,935 2436 1464 1,643 2,073 1,924
(m® ha'!) (374) (241)  (522) (357) (343) (216) (126)  (127)
pH i 6.65 6.75 6.08 7177  7.62" 6.31 5.70°" 4.72
(0.14)  (0.08) (0.07) (0.08) (0.07) (0.41) (0.64) (0.27)

BEE 421.33 897.67"" 138.17 394.67" 87.50 115.63 135.56 99.61
(uScm™)  (40.20) (56.72) (19.62) (62.52) (96.70) (11.05) (54.23) (26.44)
EFHE 1629 5.16 2.70 17.18™ 1.48 2.55 272 437
(%) (1.60)  (0.18) (0.13) (0.34) (1.38) (0.54) (0.81) (0.90)
C/N ratio 21.03 27.79" 2372 32.59° 1735 40.77 8.03 11.24"
(1.47)  (0.55) (1.23) (520) (5.76) (10.77) (3.23) (2.84)

CEC 56.46""" 33.17 3528 59.66™" 2295 2648 13.96 18.23™"
(cmolckg')  (4.10)  (1.46) (2.94) (1.48) (5.82) (13.44) (2.28) (2.26)

if () fRoKERFIHYEFLIEREBRCHER 30 cm HIEETENE - 4atieE PRAETL
B ttest RS ALBEAHET T34 = (%) o P<0.05 ~ (**) R P<0.01 ~ (***) FoR
P<0.001 - fHAS BRI =% - AE - C/Nratio ~ CEC : n=6 ; HERMIE : n=3 -

(D R R ERER

FELHAAZERE >+ (Bl S R B YA 5 T 3 B MR Bl
AR E RN BURZM &R HHT R T E A B MR R LS
G~ FE ~ REEE K CEC HYERIAHETHYEMI Ry TTERS LR a] 2%
B N RHEr R B A - AHE Kk CEC HFREE ST Tt saR St 2 -
TV E U EEE A E R > BUR N A LA B Ay 5 =g 1 L%
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HVATRE R sy B IMEE IR EER S (R 3) - 1E5h > IR RE & TP e
BRIR ARG R E VA IR DA 88 7y > INIEEE 3 pH ERMEE(E (3.11) -
WS G 2B RAE pH 4.0-5.5 By BBERIE T - BRI ] fe B EUA Ml NV ELE
kY HETPERR T IR PRI ASE GRBFEGICE > 1994) -

A F R R o B R b i e iy T e B el T 383 - 1
AR T LIRS ~ A IRE K CEC SEHERE S » BUNEITE 2R pe Ea
TRETIDI LU 3 T3 Sy YR SR i A P AN 5] - AT (o 38 £ B (RER
Rtk B - MAHR AN E SR = A A1 B R TR M E AE - el ey Bk
e HAEDIEAL - YA RPARAAHR B SR iR (1 R 2 B LU — D BT AR AE
AEERE TR LI ERE -

(1) FEHEEEE R T BOKEREE

SRLAB AL S > 30em 2R EA] A2 Em/KE (H1FR 23 ZRKE) HRdbH
FRIAME (BR%E ~ Whmer ROROEEZER) MRS - fFgEl (BfiiiE) MBI
ES (BB ~ BIKYT ~ /i BORER) A (RSENS) Z ARttt Rl pH
(& 1) - b= EAVESER TN e HREIRE S8 2R - IR R E Rl
R > JCER AR IR P 5 EE DR AR =) - 1AL SRR Z DR IR B K 53
A% o BB RS ALRL I 353R B L ARt U (B B R Rt a it Ry = A IR0 B
ARSI RS2 FON R BN (R o BEPENGEHERS SOE AR 1E B RVE BT Bt iR
T FRIMAE LRI E M B RRsat R i -

PR T LSRR R A B REKER SR (KEMELIN Aatiith kb
A E A RSN RS2 L RTAE R K R BUR SR HIRHVBGR 2 /KCR | > TR 2
FIREHAESR  BURBRH BLRMI AR T /K& e b - nREEERHAT - fE
VAR et HIRH FLIE R B B {7 S M — 20 2y - I LI s |
AR BRSSP RS E - (8 B A IE & B EES - HINRE(E
{EFINERS - St Ry S BB ARt S - S0 i (IERSERRIRNH) T3
WHE G BRSO Z ARIE > HAT R AE 3% st BB R R bR - AR IRy B AR
o W eRTE (2015) FRH WLSHADRTT A [FE TG ey TR e g3
PEEEAVET - BRI - AR 2R F BB GRS -
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Table3 Soil physical and chemical properties of different land-uses and plant species

" B R R R BB BB EBLLE
‘ ey bk MER R BEME ATk X

WN(%) 6381  60.61  51.24 52.31 63.04 62.27 59.05
(0.01)  (0.02)  (0.02)  (0.03)  (0.02)  (0.01)  (0.01)
PyEN%) 2175 2230 2293 21.63 20.89 25.51 33.45
(0.03)  (0.04)  (0.03)  (0.04)  (0.01)  (0.04)  (0.01)

FhRr(%) 1444 17.09  25.83 26.06 16.07 12.23 7.50
0.02)  (0.02)  (0.05)  (0.01)  (0.01)  (0.03)  (0.02)
EHEEE @ WE  WE BB BB WE BDE BE
A = A = = A A
g EE |7 111 1.21 1.41 0.46 0.49 0.49

(g m™) (0.08)  (0.24) (0.09) (0.21) (0.28) (0.15) (0.10)
FLEEHR 55.80 58.00 54.54 46.91 51.67 60.24 61.19
(%) (3.05)  (9.04) (3.39) (7.78) (13.65) (11.49) (1.09)

Ko aEL 1.03 1.02 1.03 1.03 1.04° 1.12¢ 1.15%
(0.03)  (0.01) (0.01) (0.00) (0.00) (0.01) (0.02)

FEfEE/KE 1033 5.56 12.00 13.41 41.56 42.29 42.29

(%) (5.67)  (1.92)  (229)  (2.57)  (10.18)  (10.94)  (10.94)
EAED 1,674 1,740 1,636 1,407 1,550 1,807 1,836
m*haly  (90)  (270)  (102) (223) (410) (345) (33)

pH {H 504 4.82 5.72 5.13 4.64° 3.81° 3.11°

(125)  (0.24)  (0.06)  (0.03)  (0.09)  (0.11)  (0.23)

i 305.00  134.67 8723 147777 539.33°  281.23Y  1148.67°
@S cm) (140.15) (109.86) (1.72)  (11.33)  (26.73)  (95.53)  (430.98)
AEHE 405 226 0.73 115 2.63° 7.43%  10.52°
%) (0.94)  (0.86)  (0.01)  (0.15)  (021)  (1.91)  (0.80)
C/Nratio 2731  18.50 1.22 1.42 22.09°  17.64°  1547°
431) (404 (0.17)  (020)  (297)  (1.53)  (0.96)

CEC 123.56  76.41 8.25 10.01°  17.42°  31.66° 4157
(emol.kg!) (73.68) (52.89)  (0.54)  (0.68)  (1.67)  (3.80)  (7.56)

50 (1) fRKEBFIFHAEFLRERIEICHN S 30 com I EMS - St e+ i
KRR H I PR FH AR LA A t-test HEFT /AT > (*) R P<0.05~ (**) FoR P<0.01>
(¥**) R P<0.001 - FHLUEAAILL ANOVA Kz LSD SR riErT (0=0.05) <
He RIS o AE ~ C/Nratio » CEC : n=6 ; HERMI{HE : n=3 -
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Figurel Box plot comparison of the highest water storage volume of topsoil at different

study sites.
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RANE R R A S B (2 B P R R N 2 /5T
B EES OHE AR RER EER”

(78] S KB IR 2 B 2 (2 el il T S AR SR - InDAET 5% 26 g R e
I O SRRk BekSE PR HART R PRI S E) » iR & ¥ PR 2 P RifE &
FHE AR S IR0 il BRI > 75 Zy it iR A TR E ~ S S PREEE) -
DR b ARG A Ay 51V B2 i B 02 e 2 FEE BRI L LR it 75 S8 R PR Y BE S ERA
ABHZE SR o A BRI AY ~ s B ~ PRI REURIR i S AH R &
H} o BB RS Lacey ~ Blench ~ Holmes ~ 7K#RFfT ~ Blodgett J.C. &z AR T74557
M= S ase e T2 BE b 9T 6 FdiE F S B2 n) i e FE A £ 2 &8 B =0 I AR
BURISS SR HE(S ELEE AT - TR TGS ER A BUREE S B2 m e A b REE - 38
EHAHRIBUHIERES 2 ST et PR A | SR B P mIEURIRL il | 2
TTEFEIA i — N DR - 7Y R PR 2 A0 B2 R BT AL L LT 58 B = o ]
BURIRL R E - M 7R AR AR 2 357K SOK R R B R} » ST )
RIEHEAS - 0 ARHE i 45 R PR s i il S =TT BURE AT - e B4 SR B DA
Lacey (1930) il EEHEAL &8 B A2 2 B2 8/ N - LARFRAE SO B A -5
B RIS e o 1R 4E AT DT A — D 3 G B AR AL P RIHE(S A= -

[RRSEEE ] 9702 - Mmaueieh T ~ PRIz HEN -

Measurement and Estimation of General Scour in Riverbed
of Upstream Creeks

Wen-Huil Liao! Zheng-Jun Li' Shih-Yi Fan! Po-Wei Lin?
Chien-Hui Chang? Hsun-Chuan Chan?*

[ Abstract] This study collected references and analyzed types, influencing factors,

estimation formulas, and measurement techniques of the channel scours. The empirical
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Executive Yuan.

2T A R 2 EERE S o B BB hechan@nchu.edu.tw

Department of Soil and Water Conservation, National Chung Hsing University, Taichung, Taiwan.
Corresponding Author. E-mail: hcchan@nchu.edu.tw

81



BEE « FIEET  SEHE « MR - RENE - BEHE—
IR AR SR B R A E R RR B R Z B A

>|_

estimation formulas of Lacey, Blench, and Holmes etc. were selected to estimate the
scour depth and the results were compared with the measured data. In order to improve
the efficiency of the existing scour depth measuring technologies, the existing
estimation methods were evaluated, and the "float-out device" was selected as the scour
depth measurement method. Then, three monitoring stations were built at the Mei creek
and the Beishan Hang creek to collect the scouring data during flood season. The related
geomorphology data and the hydrographic and hydrologic data were used to estimate
the scour depth of the event. The results show that the Lacey (1930) formula has the
least error among all selected formulas. Among all influencing factors, the discharge of
stream and sediment size play an important role in estimating the scour depth.

[ Key words)] Upstream creeks, Float-out device, Estimation of general scour depth.
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) PR B AREE > WIS R RN A L& S Rl P 2 28 -
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(DA R IR
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SRR S B Al (Time Domain Reflectometer, TDR) ~ W4/ SEIEIR ST - S
PR RIALAET ~ JREFUF RIS ~ S O ml B R 240 oK 156 5 IR
7B RS AIA S s i A AT B e 4 sE b T Wi 7 -
EOROPRIAAET (B 1-0) BJREF e 7 N EREEAUT R -

PEE PR USRI BRES ~ E > M SRR RIAE (PRERR > 2011) ©
FEIRHR S SR R AR E Y RS s > Rllilis 138 E /K& > DURAHI I I EEREY
G TEANCAREEGEEHMBNEEIEGIZ LB B N EE e BFHR
EAOE 1-b (MEFES - 2011) - BIEEFEHERANAET (8 1-c) K AV AR
el AlE f - BUORDT AR E B AT RIS iR e BN S B 2 R E
B EMMERNE EBE) > RE SR T R ERIRE LR = - DI
JRUEFREAS DT RIZE AL - ST RIS (B 1-d) 2[R EFEHE e
H% TR ZES [—3eHes - IHIeEEs N A — B Rt - EtEEHEZE L T
I > dmilSes(EA — R st - SRR s E AU &R Wt RS E
¥ BTN BEREE - PEAN > TR B E R T2 P U B - HRE
5] & U RIS T - Hﬁ“ﬁﬂ@ﬁﬁ(ﬁﬁﬂé  MIHsE A S E E - BEE PR T
IR RIZEE (PREFE - 2007) SR EZURREAZET (8 1-e) » A A 7KEhD + g
SRR HK#U@TJV ALK B 57 T AP R R 2 » S0 ] A1 ] PRI 2 i 72
JERSFIANKAL (MRt > 2005) < SEEHO R I B 248 (1B 1-0) (iR igErst
AR REA R R Z SCE M ECRI SR IE T DLER 32 » (OB ez farail Rt - (R
SR Ry— 7 ik EE AR ROl B R 2247 2 52 18] » JA] PRJES I A 5 Ao [T 7E <2
AR > FITFIAT PR b 07 B R A Vo] PRJER T < S'e o et i B2 < e S (E A iy LAt e 4
SRR R oK - H P e 38 B I i KB 2 SO AHIL B AT HE A )R] RO R - G
% RERIRE RN - R E R - PEE LR - AR sa e - WA
/N TR AR - H ERERDCDO RS - E /KRR SR IR - O
GURHI S & R B S A2 BRI AR ARZ /KU B Z 50k (b
FKMEE 0 2005) » KSR (B 1-g) AERFEBIZEH > FEEEE SRR
LR AR - HEMEES ~ slefRRE - A2 8B Eh 2 2% - |
TA7K 2 BEREAE /N b BEFHAE » #5 BB > KRS H £ bATEA > HORME TR
BB L  JREIAH & RSB e El LK » fE S R RO RIZREE SR - B
PREER] b - e Ze e iR BRI E 2 I AR e ik (EEmS
2014)  ERERIERE (B 1-h) S FEICamES 2 S A (RSP R 20 emx10
cmx5.5 cm) » PAFZE D & h 22 i i il /K S sl AT AR IR > RRAKIg sk
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Fig.1 Technologies of scour depth measuring.
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Fig.1 Technologies of scour depth measuring.
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Tablel Comparison of different scour measurement techniques

BURITT 7% A iﬁ ;fg;“i EEg g}; M
i O O X X X A
AR Bk T O O O X AN O
Rl X A A O X X
SIS S TDR A X AN O A A
W EEER A X AN X X X
=K Wi A X A X X X
SR ZR RIS A X A A A X
by wani ikl E N X X O O A X
KA FrHEE A X A A A A

£ : (O-Good to use ~ A-Fair to use ~ > -Bad to use °

(DRI AL A
AT AR A S — P e Z 485 A3 ARIBEUHIFT 78 Z SR GR 1 F2
T P SR A T A RS TAS » E s B I B 20 i — o R e HE A =
BN 2 o LLEER AU SR HUKSOK B E R HE R R - TRE LR (45 SR B3R
B GE SR AR - B T BRg e o BN R B i iE 2w A > ]
’“éﬁ)ﬂ"“‘ SR EIR R SRS AFUETIUEE IR YHE S E & =2 L& %00
Z—fRRRIARFEHERS A (E R R it 2 275 -

®2 —ROARIREREG AR

Table 2 Equations of general scour depth estimation

TR &EpA B FESREREA
0. A= AT 22 48 7K B AR
Lacey (1930) Vs = 0.47 (7) /3 5Dy, < 1.3mm (m?)
2 B=/KEEE (m)
q .
Blench (1969) Yms = 1.23[ @ ] Dgo > 2mm > U EY SRR S
(mm)
G J = VK Mt delEre c-12  Dm = T R EP ST AL
ms (mm)
(Holmes, 1974) | 4/p) iRsE )1 C=1.0

Q=Jiiz= (cms)
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fEEEH AN TR FESREREA
R RE =BT E (cms/m)
Yms T UNE AT B So=H IR Z FHHEE
%
TR =2.80 q =4.48~23.52 (cms/m) > %)
ms // :[: s I
(2008~2010) y qO80 x S35 x 6062 So=0.1~1.11 (%) » Y i (nf? LIRSS
Dgi® g, = 5.35~19.96 >
_ V=it KR AKAL 2 K fiL
D5o=2~136 (mm) ° % (m)
Blodegtt, J.C. DU B ST ES f=176D3%°

Vmax = 3.7618D5307°

(1986) TRE IR T B
K= |183008

ERET IR HTRE =C ( ) (A/B)Z/ v
EWSG e S A VYmax = 1.74D50 1 0.0015m < D, » FATES $ms)
%% (2005) Og =+ Dga/ D16
=PRI AT
I ~ WHZEAFRIEE A

(I)ﬁ%ﬁ EREN T BN REEUHIE i
EABHERL T SR PRENRE M R - EEFHE 4B M RF (Radio
Frequency) MELREE[FHE - ERBEELR (—ﬂﬂml_‘lﬁﬂiaﬁzﬁ‘) BRI ERS -
FERRSREE 2R - g DU T3 R E B RO HE & - i
AR IR L RIS RN - s B — AR B I RASGREREC 8% - MBI A TR E (S
GPRS (General Packet Radio Service) il i1 EIGFHREER - BRI A SIS H10H
PR IGRNR Z R EER o

B EAFEEE BRI - KT AT RER HE E I AR BR M IR - TR A
IEGUBHON T T R SR K RCEEE RiF 2 BB 6 (5 12.5 em HAL 9.3 om)
ORI - bR T BRES A SPUBRRE TR 11 e i D A T IR S e A
G REm > HIBB R 2 R BRI B HIE » A SRt Ry i
5 > B R& Z SEGUBHOR T N B IS R E A0S 2 s -

] PRENRE B IR o B4 3 - R B [ E AR 2 K B i SR [
AN EE BB 28 (UHF Band Wireless Data Transceiver) ~ it B ii4 5 28 /112 GHRE
Z AR 5 5 B AT HE S 256 t4RtEes PCB A ¥ ek (A (float-out device)t
Bl > THOCHE ELIEEONAIR - B KSR AR - TRIIRZ/KiE ] ~ gy M hAs
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Fig.2 The float-out device
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Fig.3 Schematic diagram of the monitoring technique of float-out device
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Ry 686 m > EFITAGNL 475-825 m > LY(E IR 53.6296 § FRESLIE AR LA/SER
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Fig.4 Map of the Mei Creek
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AHWFFELL 2017 FFFEZ 0601 ~ 0613 ZERGEAFEIHIE R B G BN EZ
FHTRIAEE R, R Febe Rt PR S B4R 3 s e 2 Rl AR HE
ST BUKAL B R IS SRR (5% 53002 R S5 2 e il P B B B el 2
HEFTELER > 05 4 B > SRR Q (ems) ZAEFRDSFHIEE Vm (m/s) 3 b
JAEEKETIEITE A (m?) 1551 —FoKHEETRE S - PR TR EAORME R
I3 AHEMEEFE A (2011) BIFERRIS-HE A B 0.85 (& Z R mimz - (NIt
AEFRLL 0.85 R EAUESE B KB E E U B 2 & -

Hrp o R 2 gIUAANPHERE FOR HH S B 2% e IR i
AEARER Z ] Blodegtt (1986) Jz R TUAIMME L Raa T 2RI 72 A5
/KRS H - EFETERE Dso ¥ RIZ 2 > BlE AR ENRE 218
2 o

AESEIREEIT AT AL - DARE A S M E: 0601 SERGEE( 20 B I4S SR Bl
SERELER R HNEHEL Lacey (1930) ~ Blench (1969) K ERE TR
Kt s T BB Z HEAG 45 TR R AT > HgR A Z Ml e B B A (E a2
STEEAE 100%LL E > RalE /K A SR S M EMEA D - Rz &
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Fe e AT B 0601 SER SR 2 BRI AR B (e P X PR R 3837 - IR LA
Lacey (1930) ~ Blench (1969) fA=RE TR MR R aat ZEBEIFEHY A=Y )N -
HAHEAE ARHVERZ IR BIR » LUK Z AR GRAE R % - T EME 2
0613 ZZpgSFBUNEZ RIS > HHEMELEEEERLL Lacey AFHIRRZERV)N -
HERAAHEL Z 872 B1E 100%LLE -

R3 HIFER 0601 ~ 0613 ZERGEEARF KRB ERF
Table3 Field and flow conditions of the 0601 and 0613 flood events in the study area

\ B : B Ak PE BRI
H 51k wORE ORE AR i
iﬁjﬁf ;ﬂ; IR 7JZ o znig) o ?f) SR OBER AR R AT
o (m) ) () (mm) (%) o
e

0601 0.920 3.29 2.92 209.08 31.47 6.64 84.24 104.56  1.76 3.49
o

B 5 0601 0.895 0.98 2.15 46.83 2524 1.85 25.60 3325 223 5.05

EAE 0613 0.520 1.93 3.62 84.63 30.27 2.79 27.46 18.33 0.79 6.15

R4 BB RIS EESE R

Table4 Comparison of field data and estimated results

\ PR SRS B ARET IR
BRI ES Y Lacey  Blench JK#FT  Blodegtt
(Holmes) &GS N
HEMHRIEE (m) 1.234 0.581 2.816 6.796 2.605 1.043
[Eap e
T el RS
- 34.13 36.89 206.08 638.65  183.19 13.40
EZHAE (%)
HEFRIZERE (m)  0.162 0.767 1.936 5.599 2.853 1.183
RS
Y et bl
- 81.84 14.33 116.27 52555  218.68 32.23
ZEE (%)
HEfESRNERE (m)  0.483 1.343 1.875 7.433 2.990 1.264
b= 4N
Y AR
7.20 158.27 260.58 1329.34 47491 143.00

ZHEEE (%)
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Fig.6 Sensitivity analysis of the diameter parameter
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INTERPRETATION OF THE LANDSLIDES AND
SEDIMENT SOUCES FOR THE RESERVOIR
WATERSHED

Po-Han Wu! Ching-Hsien Wu?

[ Abstract] Due to Taiwan's weak geologic structure, steep terrain, and frequent

typhoons and heavy rain, it easily lead to large-scale landslides and debris disasters.
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Floods with high sand content and including debris, driftwoods and silt are every likely
happened during heavy storm events when landslides occur in the reservoir watersheds
and will result in serious siltation of reservoirs. The coarse sand will precipitate in the
upstream of the reservoir and the fine suspended sediment will be carried by the turbid
water. The water flow containing a lot of suspended matter will submerge into the clear
water layer to form the turbid density flow above the bottom of reservoir in the low
velocity flow zone and the turbid density flow will gradually transport to the dam.
However, the scale of the desilting channels at the low level of reservoirs in Taiwan is
not sufficient and the trash racks of intake are blocked by driftwoods and debris. Then
the density current piled up to form muddy lake and aggravated reservoir sedimentation.
According to the aerial photograph interpretation of major flood events, nearly 80%
landslide areas came from the original forest. We evaluated that tall trees catch much
wind can affect the slope stability. In order to avoid the large scale collapse of primary
forests that resulted in mass mortality of trees and sand disasters. It’s recommended to
moderately thin planting or reduce the height of the forest in the high risk of watershed
landslide areas. On the other hand, to prevent the standing timber sinking into the
reservoir and difficultly salvaging, it’s advised to set a barrier in the watershed. When
the driftwoods transported into the reservoir, it should be set a full-section and full-depth
interception net in the section with the widest depth and sufficient depth. In order to
facilitate subsequent salvage, we could set the full depth of the segment interception net
in front of intake. The vertical layered barrier could intercept the driftwoods to keep the
trash racks of intake free and the sedimentation elevation near the dam can be effectively
controlled. It could be maintain the cone of depression and ensure the function and
structural safety of low layer of desilting channels.

[ Key words) Watershed landslides, Turbid density flow, Tall trees catch much wind,

Reservoir sedimentation.
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EEKEA REHE 1,000 B 54 RIMBESETR
Table 1 Amount of sedimentation for reservoirs with capacity over 10 million cubic

meters of Taiwan

G kAR mTER o0 gy Oen B ERAREE
EILTAR EVTAR  EERE%  EILTTAR%)
1 il 88 F2 H 1,000 104 £ 5 B 997 0.26 0.2 (0.02)
2 Bl 76 %6 A 40,600 106 £ 12 A 37,974 6.47 84.7 (0.21)
3 AR 244 A 1,240 106 £ 11 B 7 99.44 35.2 (2.84)
4 Pt 5346 H 30,912 1053 B 20,471 33.77 197.0 (0.64)
5 HUE 9546 H 3,218 10249 H 3212 0.19 0.9 (0.03)
6 Af 73410 A 2,957 104 £ 12 A 3,023 - -
7 BH{H 5946 H 1,770 103 £ 8 H 1,236 30.17 13.7 (0.77)
8 fmE 814 11 H 12,607 105 £ 10 A 11,846 6.04 31.7 (0.25)
9 K{EEL 6246 H 23,206 105 4 12 A 18,882 18.63 98.3 (0.42)
10 * AR 50410 A 1,710 106 ££ 10 A 461 73.04 22.3 (1.30)
11 x5t 4849 H 14,860 1053 H 4,366 70.62 187.4 (1.26)
12 ivid 23411 1,400 105 £ 8 B 100 92.86 15.9 (1.13)
13 HHE 23#6H 17,162 105 4 12 A 14,197 17.28 35.7 (0.21)
14 xHEE  804FE 12 B 1,440 104 ££ 12 A 1,252 13.06 7.8 (0.54)
15 EEEBTE 9 F 12 A 1,005 106 £ 12 A 411 59.10 37.1 (3.69)
16 AL 105 £ 4 H 5,139 105 £ 4 B 5,139 0.00 0.0 (0.00)
17 —¥E 7646 H 2,911 105 £ 8 B 2,643 9.21 9.2 (0.32)
18 =ha| 5446 H 2,509 984 12 H 970 61.34 35.0 (1.39)
19 BUEE 1945 A 15,415 104 £ 6 B 7,828 49.22 89.3 (0.58)
20 i 6244 H 74,840 105 4£ 10 A 46,268 38.18 649.4 (0.87)
21 KW 83 4F 3 A 15,441 105 4F 12 A 9,500 38.48 258.3 (1.67)
22 BIAE  414E4 A 2,376 106 4£ 9 H 2,578 - ZEEHERD
23 HFF 84F 6 B 3,119 104 ££ 10 A 2,641 15.32 23.9 (0.77)
&t 279,852 196,002 2996  1,910.4 (0.68)
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A PRELIMINARY STUDY BASED ON HYDRAULIC
ANALYSIS MODEL TO SIMULAE LANDSLIDE DAM
BREAKING

Chen-YuWu'"  Chia-Hsing Lin'* Chen-Yu Chen' Hsiao-Chia Yen'

[ Abstract)] Due to the influence of climate change, sediment-related disaster events
may develop into compound disasters, such as large-scale landslides caused by
earthquakes and typhoon events lead to sediment moving into the riverbed and forming

a landslide dam. Once the landslide dam is broken, lots of sediment combined with

VT 2 B @K LIRR R Rrse /N - SBAMEE - EFEME © owen951753@mail.sweb.gov.tw
Research and Technology Development Team, Soil & Water Conservation Bureau, Council of Agriculture,
Executive Yuan, Taiwan
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flood may rush to downstream and will seriously jeopardize the safety of downstream
residents and endanger protected targets. To estimate the safety of protected targets
downstream after landslide dam breaking, this study used the HEC-RAS numerical
model to simulate the peak discharge after landslide dam failure. According to
investigation report and digital elevation model, the landslide dam and stream numerical
model of the Xiao Ban Tain slope failure at Lugu County were established. We designed
two sizes of dam according to the site investigation and the maximum estimated height
with top dam height of 7 m and 17 m, respectively. Simulating and comparing
discharges, flow depth and influential area by one-dimensional and two-dimensional
models for five different dam breach durations. Results indicated that two models have
different ways to identify the position of dam failures and lead to differences of
simulated discharges and water depths between those two dimensions. Through the new
inspection function, it will be able to quickly assess the scope of impact of the landslide
dam break. After comparing with two different dimensional models, one-dimensional
model provides simple simulation and interpolation results that saving the time for
calculation in the preliminary risk assessment. In the two-dimensional model, it can
overcome more complex terrain and have better results in flood simulation. In the future,
the simulation process will assist with risk assessment of landslide dam breaking
disaster.

[ Key words ] Landslide dammed lake, HEC-RAS model, Overtopping failure,

Hydrodynamic model.
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RISK ANALYSIS OF DISASTER CAUSED BY
LIOUGUEI D015 DEEP-SEATED LANDSLIDE AREA

Min-lang Huang!  Zheng-yi Hong >  Ji-han Jiang® Wen-xian Liu *

[ Abstract] In recent years, the use of remote sensing and geophysical techniques to
investigate the sliding and development of deep-seated landslide areas have gradually
became mature. The Liouguei D105 large-scale landslide area was collapsed about 208
hectares and caused debris flow disasters during Typhoon Morakot hit Taiwan in 2009.

Several buildings along the 133 county road were severely damaged due to mud flow
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and many cliffs were created due to slopes failure on the slopeland of this area. This
study used geological surveys, drilling, and high-precision numerical terrain analysis to
analyze characteristics of slope disasters areas, such as slope, drainage system,
development history, collapsed area, cliff, vegetation index, slope direction, etc.
Analysis results indicated that the high-risk slope units are in areas of steep slope and
exposed collapse areas having southeast direction. The analysis results correspond to
the results of on-site investigation and monitoring. Therefore, it is suggested that the
slope unit classification method can be used as a reference for risk analysis for deep-
seated landslide areas and as a subsequent deep-seated landslide areas monitoring
screening.

[ Key words] Deep-seated landslide, Slope units, Monitoring.
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Figure 3 Watershed classification by using digital elevation model
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THE BARRIER LAKE MONITOR AND SEDIMENT
CHANGE ANALYSIS AFTER TYPHOON MORAKOT

Nan-Huei Chen! Ming-Hong Lu! Yun-Chung Tsang! Wei-Yi Chang? Bao-
Cheng Shih? Jian-Liang Chen®

[ Abstract] Lots of newborn landslide areas were occurred in forest compartments
managed by the Forest Service, Pingtung Forest District Office (PFDO) when Typhoon

Morakot kit Taiwan in 2009. Those landslides leaded a large-scale transportation of

VAR S L
National Cheng Kung University, Disaster prevention research center
HTER R T B G RR R EE A -

Council of agriculture, Executive yuan, Forestry Bureau, Pingtung Forest District Office
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soils and rocks, severe terrain changes and many barrier lakes were formed due to the
accumulation of large sediment on stream channel. The barrier lake has no water storage
already and channels of stream have been restored to natural patterns after several years
dredging by floods brought by typhoons and heavy rainfalls and diversion and digging
works conducted by the Pingtung Forest District Office. However, there is still a lot of
debris accumulated in slope and many potential collapse areas in compartments which
are managed by PFDO. For monitoring the potential dangers of the barrier lake and
reducing the occurrence of disasters, the PFDO has conducted barrier lake monitoring
and other related programs from 2012 to 2018. This program has established monitoring
system which can obtain information of rainfall, water level and topographical images
in real time. This real time information combined with on-site investigations,
topographical measurement and imaging interpretation, changes of slope land, stream
system and topography of all managed compartments can be obtained and controlled.
Then, the potential changes of landscapes caused by deep landslides and the possibility
of occurrence of newly barrier lakes can be judged. After comparing changes of terrain,
the estimated amount of sediment can be obtained. The monitoring program obtained
that the sedimentation amount in the stream section between Ming-Sheng No. 1 and No.
2 creeks of the upstream of the Chi-Shan Creek were increased from 1140.0 ten
thousand cubic meters to 1215.1 ten thousand cubic meters during the period from 2006
to 2016. The sedimentation amount in section between Ming-Sheng No. 1 creek and
the Ming-Sheng bridge was increased from 6,450,000 cubic meters to 6,852,000 cubic
meter during the same period. The overall changes in river terrain showed that erosion
was occurred in tributaries and deposition was occurred in channels of the main stream.

[ Key words) Barrier Lake, Sediment Monitor, Sediment Change Analysis
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Figure 2 Comparison results for annual terrian changes in 2006 and 2010
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DISASTER MONITORING AND MANAGEMENT OF
LANDSLIDE DAM IN THE LONGQUAN RIVER

Yung-Chung Tsang! Ang Lin?> Ting-Tseng Wu? Chiung-Lien Liu®
Xin-Wei Qiu* Su-Neng Chang® Ching-Hui Shih®

[ Abstract]Once the landslide dam is failure, it will possibly cause flood and sediment
related disasters, and is a serious impact on downstream residents and causing great
worries. In 2006, a landslide dam triggered by a large-scale landslide occurred at the
mouth of valley of the Longquan River in Haiduan, Taitung. After the landslide dam
was formed, Taitung Forest District Office and other authorities actively executed
various anti-disaster projects. The monitoring system was established to monitor
changes of the landslide and river channel in real time. Taitung Forest District Office
continuously observed the landslide and river channel through monitoring system
operation, remote sensing image interpretation, inclinometer observations, and river
sediment estimation from 2013 to 2017. Under the various prevention and mitigation
measures were implemented, the natural dam did not failure, and the water in the lake
also decreased and eventually disappeared. It showed that the landslide rates decreased
from 1.3% to 0.5% in the catchment area through remote sensing image interpretation.
There were no obvious changes in the landslide area, and the slope displacement rate
was also dropped to 0.02 mm/day after 2014. Through UAV-based terrain monitoring,
it showed that the soil materials from the catchment area were decreased and the fluvial
erosion was initiated. In general, the sediment production and movement in the
Longquan river basin has been stabilized gradually.

[ Key words] Landslide dam, Remote Sensing Image, Inclinometer,

Unmanned Aerial Vehicle
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Figure 1 Locations of landslide and landslide dam in the Longquan River
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Table 1 Basic information of landslide and landslide dam in the Longquan River
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Figure 2 Locations of landslide area in the upstream watershed of the Longquan River
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Figure 6 Interpretation for images of the upstream watershed of the Longquan River
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Table 2 Changes of landslide areas in the upstream watershed of the Longquan River
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Figure 7 Locations of the inclinometer in the Longquan River
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Figure 10 The accumulated displacements measured by inclinometer in the Longquan

River
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Figure 11 Daily displacements measured by inclinometer in the Longquan River
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Figure 12 The monitored information of the landslide dam and channel terrain for the

Longquan River during the period from 2014 to 2015
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Figure 13 The monitored information of the landslide dam and channel terrain for the

Longquan River during the period from 2015 to 2016
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Figure 14 The monitored information of the landslide dam and channel terrain for the

Longquan River during the period from 2016 to 2017
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EXTRACTION AND APPLICATION OF POTENTIAL
SITES FOR WATER DETENTION/STORAGE ON A
WATERSHED SCALE

Chao-Yuan Lin'®  Wen-Yan Zhang'  Shih-Yi Fan?> Ming-Fa Tsai?
Hui-Min Hsiao?

[ Abstract] Under the influences of global climate change, the flood events occurred
more frequently in Taiwan due to extreme rainfall. Therefore, the inundation treatment
is a great challenge for each government. This study selected the Bakua terrace as the
study area. Big data were adopted in this study for extracting the potential sites for
water detention/storage by using environmental indicators, and the variations of
maximum water storage capacity estimated by hydrologic models from the viewpoint
of land use changes were applied to select hotspots for water detention/storage. Finally,
a standard inventory flowchart of the water detention/storage sites was established and

then the adapted conservation strategies of water detention/storage were drafted for the
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Fig.7 Spatial distribution of hotspots
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Fig.10 Placement details of the inundation hotspot
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R 2 DHOF R 2 R AR R 3 ERRERD

Table2 Runoff coefficient of each land- Table3 Dimensionless rainfall analysis

use type
THEAIAH R (ha) CHE 28 BuE
pEE8Ef 16.86 0.95 TR & (mm) 1461.40
£H 0.28 0.60 SE AU (min) 17.92
UNE 0.15 0.75 125 80.72
Freht 1.65 0.55 A 30.86
FEZERR 34.62 0.50 B 55.00
RIE 12.22 0.60 C 0.71
G 0.54
H 0.31

xR A MMRKERIERED T
Table4 Peak flow of inlet and outlet for the detention/storage facility according to
planned return period

TR BN

RRBEE (£) 1L B 2 5 R ('
RILHRE (F) 100 el (mm/hr) (ha) o2 (m°/s)
5 (4 0.64 90.88 65.78 10.56
50 () 0.64 128.20 65.78 14.90
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