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Bz EER

A R BRI 2 AR =22 A
> LB BB AU ESERT R 2 M ERRE Y -
VAR EEEFER o WEHE D A TR Z AT Z*S'Ezeﬁ‘r

FRERI 2

AR KA ﬁ

L DS R R EHRR L » A
T S
ﬂ’ﬂ‘”

TR Z & MR - WL AR - SREEE R =M - Al 2 efE e e s
foled = IR E ST - #EH (EVARTET 2 RME - ARPMOR Bl s 5o ﬁﬁyﬁf@‘?LI‘%ZiE&ﬁ
HER > M ME L&A B LR ENRR AT S » MUADCERT L Z MARIET ~ IR EEE ~ A

Jef FL B R B (S IS
EAME R ERR - MBS AMEIREDHIE RN -

BRG]  ARMRERE  BRAES -

1. 7S

R R M AEEAM E H 2V A A
FEFHIE DA TR B T AREIHY N ARG AL
HEE RO BLET K IFSE - ACERMA L ERHAR - &
SBRRESE - AR N TR Z 408 B - 1 Thk
HEEH - DUERER G - BTy 2 M
EBMETTR T AR EE 2 L B SR
SRR BREEAT &R VRV R - (HEHE
SENF W RER R 2 B AR 1L - RILIREE
PERIE AR - S Re AR IR R - Mo @
MAECE T2 IR » ARFRERGRE - A

B - AR (atBs - DIRIG R EIHIY B &
BHCEE 31T > A RERFRIA Rl B (R MR R Y
248 (Emmingham and Elwood, 2010) -

T 40 a] A SR A U R B R B R ER (& 2 17

RERERL > Ryt SR L HYETE - TR

SEVAFIFERSR  HEEs BT IR RE R
U BN RERN R A RS Tt

? BNLFERH RS A A HdY

" EEEE, E-mail: cct @gisfore.npust.edu.tw

afl > HTEE AR B A B A8 RO IIMASIRRE B2 &

SR B A TR AT

HOEDEEE - 4TI © MR

HIEF(Measurement) » [ #ERERY TZ AR FEHENS - R
JRFE R EIREEERER - DU (Stem  analysis)
HUSMAHII TR R A R & MR AR AR
% VTR IR - iR T B
AEHRES AT 2 EERE - HE R S R AR
IRV AR R & R ARV B MO B (Y
AR o AFA BT EE Z4(Light Detection
and Ranging, LIDAR)AYZ$E » HEf % BLRARACH M)
aF o RREEAMEREFHE - AR
(Maltamo et al., 2004 ; FE4E ~ & » 2010) - #EE
EEAEAMMNET L ] B RS Y ARG T
/& (Omasa et al., 2002; Urano and Omasa, 2003) » 7R
o] AR e EhRE 28BS HI(Hosoi and Omasa, 2006;
BB 55 > 2012) BTT AL B RS S (BA AL ~

4 5 2013; Sanz et al., 2013)% o HIH YE e S kS FERY
ISR IR A R & - 1258 B AN & Ay 4 SR B
D EE AT AR E B R T HAE R BT
fREAZZHEEL Fy 1.5 em 2

B HHA - BB 104 4202 H 09 H
B HEA © B 105 4201 H 29 H
PrzHHE - RE 105403 H 23 H

3.3 cm(Hopkinson et al.,
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2004) o Br_EHLRERI SN > BN S e i A e 2 R

&k ﬁwﬁiﬁé%ﬁﬂﬁﬁiﬁgéﬁf - AIER
i{ﬂﬁ;‘cﬁ%%ﬁ@ﬂ%ﬁ@kﬁ% W H SRS AR
T R&ERE(Hopkinson et al., 2004) ; BEREE T EER
FERVHE(L (Hosoi and Omasa, 2007) ; JHIEMAIHE =
LLUE LG 734fi(Danson et al., 2007) ; A1 i e 2 -
SR AR (& (Pfeifer et al., 2004 ; Cheng et al.,
2007 ; Cotéetal., 2009)% -

PRI 'E 22 2247 TSRS AT ) = 4 EEr
AB s E ) P = 4 85 S 240 (= 4 8 Sl
{4 3D Laser Scanner) » JREOCIE 24 O & E4THE
HREER % 8 8 bRE DGR E BRI
DU I e 2 3 1T BRSO o BRI S A PR HLEH
IR o] BN E R AR ZMARERE
o ET s a] DO S S ME AT AN TARER B
BEAVEUS ST B E S 8 < B bR AL R RE

2. MR
2.1 HAEME

PHEER R AR & A R SR M E PR R R 5K
s 754 TFS - /NBALLARE Z 14 (Chamaecyparis
formosensis Matsum) A AR (il - FEEpkatin
B - i R A R 15 B S At 2 K
Bk AE s 7K (Swietenia macrophylla King) ~ 5 15
(Populus Dode) H # OH
(Fraxinus griffithii C. B. Clarke) -~
(Zelkova serrata (Thunb.) Makino) A T 4fibf k2 AT
BRE ORE & s (Koelreuteria henryi Dummer)

ANIDREM > 20 1A

davidiana

1 Wt 7elE i ElE

2.2 WrFEALE
2.2.1 WHEDEEREZR

AREHFELASHAERE ~ =gt E 2 Trimble GS 200
ZH AR Ry BRI T B > DI 2 il Bh A T
AR E AR - FER & 2V E 6 [E55
Ty AR AL fm AR [ YAy SRS - DL RE R R YR
& 0 WA TR 7 (Root Mean Squared Error,
RMSE){ZEHIMARN BERZEE S em LR ©

Fit CCD iR das G 2 RS AL s — 4k
ko R RS A Hn=(1) ~ (2)EHAL
UGBS ~ 525 » 2005) » SHEIJTERL
BEZ (XY, 2)BRINTAI 28 KRR ER
g LIRS s e B = R A
ok Bl Ry ARSI S A& - o Bl s &

X X, dXx p a
Yo [=| Y, |+tx]dY |=|q|+zx|b
z. | |z, dz| |0 i I ()]

XL:p+ZXa
[YL:q+z><b ......................................... @)
ZL=Z

Hf X, Yo, ZoHE X, Y1, ZL BZE B 45 W EL  dX,
dY,dZ B EEE > a, b, p, g RE4EHGSE 1,2
B e -

2.2.2 SAERIREREMR

ST EERATE LL 7S SRl 5 /N BR LU PR 2 2 STAG LK
AT Re¥5e - MiiDeEE 2 felfibelE fy 20 mx30
m > EEERI(ELEE - WEE ALY 10 m > R
HREEEE R MRESAREMEDEE - T =
K frs o3 Al Ry (A (2009 £F) ~ Bt K% (2009
) ~ Hifki% II4(2013 4F)

FASERIRELUARZERAE OR ~ B3 ~ 18~ B4
EREBEEE A TR RS REEMAE OBt 2
RCEEERE Ry 2.2 mx3.3 mo HatBR e £y 0.825 ha -
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Gat 77 BRMOR - 43514 2010 4 ~ 2011 4FE4 2013
= AR (B A T 2R R - O S slBatE
Hilptmmie f 0.5 ha » &5 3 FHMEITMORESS -
HgfR ~ R B R R DG IR R K

BRI [E] Fo 3 78 - PR B R e < s Bt se &

HRAE 7 R IUAT - 3 A Ry REEREERAC AR RITT
PIHI(LS FR) » GBS TIMII(14 1 - MR
HERH =) » BEEA/ N 31 mx20 m R pEgE
By 48 Mx4.9 m > 7 2010 FEE 2013 AEHEFTHIE
T -

2.3 WiFEA

RN B 1 B R BB (AR S —(ir
ZEER S PR 1.3 m (T EETHE > s
ARz WS ETREEN - e A
HEMRZ S -

231 CEREBRHEAREZE
TR

FFTREEEZR > DL0.1 mx0.1 m R ES
FHIEN 2 S (B ATEE B bR - Dt
T = S5 R B AE (0 m) » [ AR 1.3 m U HO RS
JEFE 10 em AYRE DI - R EMITIAR Z BT > SdR
STUel O R EER E MR » AR i K
SID) Bl G VA B AT T A A 2 W A S E Bk
BREE 7L - AN B G BB R &
% o ﬁlﬁmﬁ M - LA F AR E PRSI Y
2 2OHIMAOR R 7R L8 3 =2 MR 8 2 72 5 - DAGTA
BEUATET) P2 W) o N T A

2311 HENEZX

FIFR P i 1.3 m i e B R )
T+ 3 D R R » DL T R R
HIE -

2312 DREERFAEREZESHEN
I ARHGE

23.1.2.1 HKRSMIEEEAETE

ERIH S TEAREX, Y) » SRZER] PR R =8
al- a2~ a3 [T - DIERIMEUE s BERAIE: R X
B F g NPT S o SRS al ~ a2~ a3
weETO% EY%EE#&H—#({E > BTRDOK H
RIMJE - AR i@ s e
LA Taubin (1991)}3ﬁ§*?u“42 HER EITRIEER
ZERINIE - fEGHMORIER GO FE R > 2
Bl R A A ERHE) -

2.3.1.2.2 #RITEAEEE

DU B8 a» ETHIE T (Buffer) » LA
FEER T o BRI E RS R b o Bl
ab WEL - PEAETT b BEERIGOIT o DA AT
i%??‘t ST —E R 2B EFEPA R 1k

i B P AR B R (&) DB & A = E LA
fi(3) °

Hep PEEAEK n REREFRREER -

FHIATERI R T ARRIRE » So B RS > Ty

EREEEESAIL A SR 30 BREEE

e 0 HBRESEI 56 2 BB 100%&7&
AR A S 77 Bk 0-10 em B2 11-20 em Wi {[&] I i -
Sy RELTE REE AR E - e SRR G
[E - 75 4H [E Al DL B R - 88 5235053 A7 (One-way
ANOVA)EL Tukey J% » HEEITERIRIE » HIRIERE
SRS > Al PL Brown-Forsythe A {5 B E0AH
[EHETT53AT > %8R E HILL Dunnett’s T3 fR7E -
SRR EPHEDL SRS S A R Yy 22
M o 55 Ry iRa T M Y R 2 SEEROTE - BT R
BT > DB S 57 1 B 22 2 FE AR 5]
kL 50%LARRk D T5% 1% - PR T ILARR T &
A AR R e I B R -
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232 FEFHECENE T ARG
AT ARET DA R A

DLETAE AN T &b REERIE AR A &M R
15 N L&k fe & B SRR LR SERR A OAR AN TR
PR DUREA [E] N TAGIRRE Ryt e st - DAY
BRI RH R G bR & 2 TS &7 ~ Baf » DAAH
B A RS B M E B N B (E W T = R 5
af A~ [EIH TR S 7 T 2 A YR 18 ~ et s iR
R E

2.3.3 DUCERIEE R &R ALK
AR

et EEf N AR [ i8R Y 11 PRATAGAT R
Ko (EFATERT Z REERKTE LR ~ HEEH - AT
PR EEHT 10 PREEAEAR - S DA 2 T IR R
i DAIRRESE M M E R I I = (s 7 =X
B 1.3 m Rk 9 2 m R By B S AR B
AR S A DUE 4y SR FE £ (Sectional measurement)

AR (A) L (5) » TS LA IR Y B R L

(IR BRI AR (BR2RRL ~ Mhorss » 2003) » LLP#Y
Z’Vi tvi‘

fEe= 2V SRR AR

M -

V=(0it0is1)/2XLi oo (G))

VELBXGX L (5)

Hepo V BEAMER - Vo RIS ¢ 0 RS 1 Bz
ZEHR © Qi RS0 1+ BRI L BB T 2B
RIE © 00 RofRilim Z B ERR - Lo BRI BZ R -

234 DOtZREER BHEEEM
MR FLBR Z 22 R o0 1 S B AR
21k

AT AT FLIS E 28 Ry 5 7 o (B MO =
FEfE R (Canopy Height Model, CHM) » CHM 145347

Hi S A R & 2 E A B BRI 2 (i B R RR DA
Fifkpighim e E A > CHM » G
e HE —{&724(Fu and Mu, 1981;Sahoo et al., 1988;

Horng et al., 2002) € & H IS » EE(6) T
AR s = =il I
1if f(x,y)<T
h| f (x, =
A TR ©

ARG AL A TARGR AR (40 m x 50 m)
Fost Bkt > SRETHAT ~ Brikik & FHLg &Iy
o WD CEEFT BN Z MR FLE A B R A 2
LR L EHEITER S » DItz FLIR N ZERE RS -

2.35 FERHHE YCZETHRKIEE
LR BRI - A

AHFELL Bailey (1974) 2 fie KGR {ELA BT
B AU > K Weibull 35 %5 1 b 85 (Weibull
Distribution) (=X, 8) > it [ Y 22 &5 2 BB (R A
WEE B/ NE (@) - SKAE b~ ¢ S8 BEAEMR IR
REELER (IS -

f(x)=1— exp{ [(x— a)/b]c}‘

........................ (7)
Di = Jxlhi~ )
Dy = Maxygicn{Fii1 —F}oeeooiiiiiii, (8)
D, = Max{D;, Dy}
—In[laj
D, = 2
OO OO RSP PPRRRRPPP )
Hro Dy BEFUYE & BEREUKE S n O MORPREY -
BRELHT ~ B ot & LG (1R 04 2 g R &

o BL Weibull =78 27 HEAE R B - 1T
AR ZAERITARIREE -

L Kolmogorov-Smirnov
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fE (K-S Test) gtz S SR -

DI e 2 AT L AVALM AR TR 5HR
Gk P& ARy TR WA PRI &R A A0
(10) » EfTERERAEYE 2 #k - W LA(11)5F
St EEER BT R A TIR BT o E g -
DI Wit @ il k) - Al #E7T CO, EENIF(12)
EA(L3)AHERt » A ARIEM T T C ~ COL I
FENEL > wW=(14)8(15) -

W,

Cplant = Vgem X Vwhole/stem XV_; X Cogneeeenreneenseneninnns (10)
Wo

Above_Copjant = Vitem XZ X Coagneerenensrennnenenrreaens (11)

COZpIant = Vstem X tholelstem x%x Ccon X (COZ/C) ----- (12)

Above_COZplant = Vtem x‘:,V_: X Ceon X (COL/C) ......... (13)
AbOVE_Cppart year = Vtem x‘f/’—;x Ceon ) /years ........(14)

W,
[ Vstem XV_; X Ceon X (CO2/C))

Above_COZplantiyear = —.... (15)

years

=

/|

H o Cppant - BBfE C BTEE > COgpiant - HFE CO;
ETHE - Above_Cpan - BLPRIN BB C EFHE >
Above_COgyan * B R ML EE CO, & fE &
Hik EH C RkFE
Above_COgpiant year - BEFFHN 15 COL I F & > Vtem *
FEAAFATE > Vinolesstem + IR TR BRSP4 TEEE G5
B WolVg © BB BTG (AT - AFFEIRIRE
TR~ S (1992) FT 1T 2 AT AG B B B A TR A B
(0.333) > Coon * bk EHEHA(AE - bk & BEHRGE
AIESSMAB(Z ~ % (2002) AT 17 {4#4(0.4864)
CO,/C: S L BibiEiA A% CO oy TE Fy 44
C oTER 12 years : ffiix (fZH IPCC
http://www.ipcc.ch/index.html) -

T

Above_cplant_year :

3. R m

3.1 DIAFIEESE AR H
THDCER IR &Y

FIFH 1.3 m {ir' &R [EEE R (100%, 50%,
25%) &k} DIEEEIEE « BRI ERE A K
SR B A AT RO > BRI P B R T
PR BRI DAAE Ry R » ST A 2 ORITR
R ERfE Y » HAEFRNFR L s - HR 1 ol 40 -
FE W R A N > = RSB T2 BRI
El#5 CREELL B 100%) -~ fig (8 & 0 BA % 2= 52
(P<0.01); A BN 50%ELEE %52 > g {834
R 72 5(P>0.05) ; HIAERA(ER 25%HE %S
Z R B B 2= R (P<0.01) - HyitEEEEL A
100%E 25%743 HIAE RN 4H BE ] K =l 7540 > HiE]
BECENEABRE AR BUEM Tukey JZHEITHI
R TARNE R E SRR E R E R
B Hig 8K/ N [ 0-10 om Jz 11-20 cm 2 EHIE -
RN EABLR KN BlHEG A =800 77 A
2R (AU RE A DA R SR A2 B
BUNE B Y S B AT B DS TR TR R
RONEEHRER 7 5 TS BB % Ry 25%0F - R
[ IR AR A N ] - LB LA KA MY BB &
fEEE AR SN R ARIEE L 2
REAENAR  BUREREREER » DRI
[El 524 AT IERERT ST AR L > DU Y 2 & ]
IRHIIE 2 =R T AR A Y SR R B
WIFE 2 Fow » T 2 07A > BEEEE Fy 100% 0L
50%H » DUHH A2 BRI T RRIE = fE s 50k
HIEH R 2B EHER/ A 3 om o (HEBEEHERE
Fy 259%HF  =FE R A P RR A A EHE A
3cm> BUREREER A B - R

2
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# 1 “fFEAEENER A BRTEEZE ST
H{% 0-10 cm EH7% 11-20 cm

WESE L (5] 100% 50% 25% 100% 50% 25%
EEOHEE  7.81x182°  7.17:+2.05 4.30:0.97° 12.96+251®  12.63t2.36  7.12t1.66°
(mean+SD)
BEAYMIE 6.70:164°  6.31:x2.04  7.71#572°  11.67+2.10°  11.97+3.15  13.89+8.76°
Bax
(meanSD)
OWTELAH S 10.12+2.48° 7.19:2.23  4.41x152°  15.82+2.46°  11.52+2.05  6.31x1.20°
V7S
(meanSD)
= HIE 7.49:1.96°  7.49:1.96 7.49:196°  13.41:2.89"  13.41:2.89  13.41+2.89°
(mean+SD)
g L B E M 0.242 0.929 0.053 0.708 0.768 0.057
ERE
F & 10.23 115 6.71 4.30 0.87 6.53
p {H 0.00* 0.34 0.00* 0.01* 0.47 0.00*

YO FRIAEERONH B B A P<0.01 ZREE R R

*2 ZEHAFEBHERAZSEENE
BHEEELHT 100% BHEEEL B 50% BHEEELBY 25%
AN T ZAN AN

H¥E SN #ET BB OSM) AT 5]

HME Bt BEAME O HE  E#E  RH ERNE E# ATE
Jik = &k #E Gk &% X S ik MHEA
R
- 3.600 409 1153 490 4.61 5.13 26.15 16.56 29.78
dE¥HE (Ccm)
/N
‘, 0000 016 028 020 003 0.3 010 024 0.13
{@Hf{E (cm)
PR
- 1.10 1.52 285 1.63 1.83 1.89 5.18 3.88 5.46
dE¥HE (Ccm)

ARG REUR B RE B A 4 H ARG
RN BEE R =1 - I SN AR &fE
AR AR B BT AVRE &R, - Mt
sk A Al e &R0 7 S B ELE - HO ST 4 R
Bucksch et al.(2009)fzRER4s B—2 > AT A RIHY
T 2 3 A VLR B ORI 5B e P Y 2 288 (Waitt and
Donoghue, 2005; Moskal and Zheng, 2012) » B588 &
b AT 2 R Y A i fE (Occlusion effect) » 24k
AR BRI T ey FEAZR - EE A

[FEHILARE S S 77k B S SRR R &
ML - Htgei b - AtsestBass i ae Sk
VIR SRR MR R e R PR
BHER 1.52 om > [EREEA RRHPH3RE R
{E 5 1.83 cm » HgimSE R AR > FrEMNAIRIE(E
B HI(E i Ry BT - (HEBRE R 100%0 F
50% 5. 25%k - Hg B AErfE IR & e 2 T [l
2o
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TSNS 752 I DR (30 4 - LT
PRE T B R R0 » B £ G A
BTG 6 T R L 1 R D L B AR M
IBLIENE » TR B ML T A AR
sy > TR SR EREAI(16) - ARSI
BEAEIE AR (LT) - (BT BB E B
SERLE > PSRy 15 om ELREE K 157 om > P58
TR By 50965 » ISR (7.5m+15) om > 3
BT Ry 25068  BIEE R 7.5(3/2 +n2)
om > FHIE TR > H BRI DE » R
RGN » BT R A SR B S T e
41118 3 T -

CZ = a2 + b2 —2aDCOS(F) +oovvrrereieeeea (16)

Hrs ¢k y ABAVERE > a Bl b By AAVETE -

p= 21'[3% + \/az + b% — 2abcos(360 — 0)......(17)

Hep o p BEEK 0 BRPAK -

3.2 DIMEDEEEAEA EI ARG
ATHREY I ARG R B A =

Ry BRET i [ 22 A [F] B R TAk 2 T2 K Hig
TRELR = T T AR LA BRI R s A
VIEHE AL » RET ST EER A ALA AN T &bk - FEEEMS!
HYREERAT AR AN &R~ B A\ Talibk B KRR
(B OAREL BB RIA M 2 B TR (R BAet i -
G LADFEFERA M 73 0T > AR DG SR TR T
BRI T AR 1R ~ A o B BRI V7 A g fR B = Y AR
REME - o PT4S SR ANE 4 0 FHEl 4 BRI ED 2 E
AR SR EHINE B B AR B EERK
ToLARBELAEEENRE M E R® B 0.87 » HEA
T4fibk> R®ESEHA 0.96 - Mitshs Mzt 77 AR
PEmH S B (K > H R?4F 0.83~0.91 2

4 ShiEEEEME TR E AU RR N AR = A R fst
= LR AN E Z AR

B [EIBLRE A AR 3 T 2 R T ARB 1R
FersteE BIEHIE > 1.1 ZAHRAS T > A0 5 2 [E
8 > HhlE 5 £lE 8 nl ks = &M & R RHIA
5] sEEHe R TERGA YRR - (R S (E B B A
EAREEER > IER N R FIREER S  J0REH HTts
ARG SR > PRI O et TE G A R e e 1
(Moorthy et al., 2010) - [ fig{EHYEMERZ AR - £
B R MOREARORTEIRY B B - 0 DIHIA S R
DRSS R A > B n] BRSO - R e
BHERE -

Si(m)

51

Pl

H.

y=0.893x +0.8071
R*=0.864

B 5 (m)

PR (cm)
S

y=0.9842x +2.7858
R?=0.969
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y =0.9946x + 0.6997
R®=0.860
1:1
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y=0.9414x + 0.8775
R?=0.956
11

0 2 4 6 8 10 12
SR AR (em)

6 RIEBAL LA N T Z e B B RS
Bt B B M 2 PR

y=0.9117x +0.2442
R = 0.909

y = 1.0582x - 0.0665
R?=0.957
1:1

0 0.5 1
SR HIR L (cm)

7 At N &M Z e R N S B e B
HHMEZ EL#L
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T=5(m)

il

"

vy =0.9628x +0.7511

20

EHIFETE (cm)

R?=0.873
1:1

y =0.9986x - 1.8615

20 30
SR IR (cm)

8 REMAL LA~ BIESH A\ TRAM 2 eiER,
S I 1R S v L AL PR

i A 7% B A3 [ ' 2 DR} AR B 2 S B
O A G o AR IIMORREE &R Y se B - i
1M 4 ho 3z AR M S Y 48 B P (Leeuwen and
Nieuwenhuis, 2010; Yao et al., 2011) o $ [ S i fRhL
W SRRSO R - BRRER ARG B A
AN A EIRIM S S 2 Bl - M2
TR SRS 1 S R E RN YRR 2 (Palleja et
al., 2010) - [ 2 G B SO R YIRS R I F S
a5 » DLHE TR PR S 22 R AR - (EAMRORAET T
FHE B HEURIET AR 5 2 FIRTH IR
i RS R AR E SR AR 2 e E
2 RSB R & iE ROt BRI S A (AR
B o [ E M EHEAA AT - RAERSIE Y A&
IS R et P RE A PR [E] - G Rt e A 7 S
AR A RER R ARG SOt P& (L5
BE AR e B MR (R - % > 2005) -
MBLAAE ~ S5(2013)7RF5 tH Aoz 2RI = 1 B
HEA SR HEFESAREERERE
SN E RN G IS RS T R E &

50
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A BRI S 25 E 4R AHER ¢ Moorthy et al.
(2010) 7%, B b T e 222 JEE FH S H R AR RS L e
BFEM ME SR R e AR SIS RS R
MBI R > (e BRI - FR b
AT NS P s 2 2 Rl T G 2 R A R 2
Hh o D 2 MOR = 4RO M » AR
BESDEEMARE L EATER  SURFTERH I
RRH) > GEERTEHIAVRIE Bt E AR - BRI
AREMRTRRE IR ETREMARH ED R (F
R BAVEIH

3.3 DAt a2 &5 A THrEY
AR

FPRaT D e R IAIR I B EARE LR
BERME T B G AR ST UL AR
TRHEMGE - DLATHE - REBKIE LA ~ 6B R E
Hem VIR 5 B RGO > BERUA FITRAR B
K EF—1eitE 10-11 £k » BREATSE DR 22T
EIRELE BRI IR Z BB T E S
TrRIE - sTREAM S BEME - BAEME
Tt BREERL > JelEPRE I Z B E RN > L&
SIRBUESRREILAM T - DL fmE S th e
ENATARREAY AT - HEROR 3 FR - &
3 A MG R B SLARWALAE R IERREOR - H
BHETERE (ERAE 7%~9%) s i 4y X
ZIAARMEERE - SR RZE R 11%) -

% 3 WD LR E SR B I AN B Z AT
fiti

g KERR &8 AW
fBAR  #
SVv] 0753 0049 0015 0025
>V, 8.010 0.689 0.129 0.222
TigfE 0094 0070 0116 0.113
Hopkinson et al. (2004) & Fi| F st ifi e iz 2500

ZER A2 ALEAYALFA(Pinus resinosa Ait.) AT
MR FENE(Acer saccharum Marsh.)JESERR > ST A,

M SERBEURE A FETERRAIAR ) - G SR
My ETEEBENERE 22 E1E 1%NA

HURH D CE B MM TR B A T
Polo et al. (2009) Il it Hy B8 S il e -
AT R ERGHIRIRESE - B DGR IR MR T
N EHURBIM ERBER ARG A - SR
AR AR ~ BT B A IR SLEPTERSRY
SN M R P I &R BB
B RE A RE  AEREME R 0.97 » BTOtERS R
ERHRE ~ P B IRRAS R i IR AT - BEE T R AR
HEMGAEPIHUATE - SE TG 4G - At E

Mg A] LSRR E 2 0.05-10.00 cm Z BAFRITR
=472 &R (Omasa et al., 2002 ; Urano and
Omasa, 2003) » B AELL % T fmillie 502 (B i 2 i &
fERT - ZFR At R E S = AR H
B o MRIBRTATRFE AR » DU A G HEf ThR 53 1T
KREVHIE - NewmEEYE - MIESER RS A&
AR B E O LA R E ]
17 (HR A B PR E RS R R &
77 I e B s S 1 R s W ey A e PR A T
i BEAINI AR Z R R RS - DU E IR -

34 DIhEDCEREE R HE
BRI AR Z =M
HEESEE(L

34.1 FIHMEDEEREER LI
E LM E TR LR 23R

AHFZE L 40m x 50 m 2 AL (B B ot
R #EATHR AT ~ B fef% & T BLET (R P 2 bk
LI (Canopy gap) &Ml » PR et g Bk FLIR AL
B IR/ NAENREE > DI B
HefhZ2fEfEAT /7 0.5 m x 0.5 m 2 CHM JRyhfft - &
BT ST AR AL B 1F R e FLIG AT
il {E (Thresholding)#11& 9 - FH[E 9 FT%1 > Bk~
734755 10.5 m > Bifkik & 495 9.5 m > DU
H 2 bR R E 0 AT R (5 — {1k (Image
binarization) » 4= FLIRBLIEFLIRE 5 - 45 R A0IE
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10 A o BENFI R RUE R Eh =CAY @ s
EITMEFE B RCR EEKE
(Negron-Juarez et al., 2011) » {B R #EIEHIE T
g HOETA 4R AR RE R MIRS IR - 1578
HAHERM(Lefsky et al., 2002) - [RYEZERIZEE

O BRAT

s 08 m

AT
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BHE I =4 =M E R 218 R L AR e IR
HIREEEE ~ thor TE B 4SRRIV ELS » B R atEh=X
RS T Bz (Lefsky et al., 1999; Yang et al.,

2015) -

Hifkig

14

12
5

i 10
i

[EI{EY 9.5 m

4 6 8
# (frequency)

Bk 4 &

9 DIME S Z IR R EEZIE

Exr iz

10 B KA1 RO (AR PUAE Z MR FLIREE (b
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T 4 B LS R BN R LR TR

Bt T FifgEF Bk {g A
et i (m°) 585.2(29.3%) 274.7(13.7%) 749.3(37.5%)
FLBEfE(M?) 1414.8(70.7%) 1725.3(86.3%) 1250.7(62.5%)
R A& (m) -310.4(-15.5%) 474.6(23.7%)
FLIAEEE L& () 310.4(155%)  -474.6(-23.7%)
P RIEEREEEEmM YY) 118.6(5.9%)

TR A L EmM YY)

-118.6(-5.9%)

3.4.2 fui e B LB 22 [ o A BA Bh AR
-

KB ELEBDERZ B E 2 M
FLBREEANFE 4 > FHR 4 DRI RS (At et e
5 585.2 m?(29.3%) » FLIAHEIfE By 1,414.8 m?(70.7%)
L BRI R R By 274.7 mP(13.7%) » FLIR I By
1,725.3 m?(86.3%) ; Ei{X /& UL Ky 749.3 m? (37.5%)

> FLBSHIRE B 1,250.7 m*(62.5%) - it (k{4 4ot d i
B/ 310.4 mP(15.5%) - FL [ i fE 5 310.4
m*(15.5%) © B X 1% U0 4F £ it [ R 0 0 474.6
m?(23.7%) - FLIEE &) 474.6 m® (23.7%) » S5
SRR TR A 118.6 m(5.9%) > FLBATHIRE
B/l 118.6 m? (5.9%) -

BRI M DB E AR DI B LT
MRS FLPER 53 AR S0 - 16 S 38 & AR FLIRAH
%8 a5 REUNME &G AL P AR 0 AR5
REF > EERG E L JEE A e LR
FEFLIRE IS R E T S R A ai ] HF B
PRIE A S i B (e f% R AN FLBE RIFE B AT fE
AL > R AR A D BEE B RS B
AIEY) > TR T AR - e nl #E R B
EREE Gy S R KIVATETL ) VNS (GBS Say
SELSHRTFIE  MAFLRAEARA T LI
IIFLIR S RIRTERERE - [fi Yang et al. (2015)%&&
UEREER B IR B = 41T LIDAR BEEZRL » i
TR FLBET 2 45 56 B BE B o FH Y2
{45 LIDAR BEEEIRL » HAr 8 HERE R 53 Hl Ky
68.54%:+9.03% Fi 64.51%+11.32% » %4 ifEE
{GHET T3 JARE FTH27H By 80.28%26.16% - BIZAK[H]
(3 7 = LR Y 2R LA R B R BRI

T3 RAMESEBIRET © 1H FHA (Rl BA S e 2
g BT FLBR BN R RN 5% - S G —E
ABT5=0 - T MO FLIS A - T n P G ALIR
EFEEEHET - HE R - REREHEIAME LR
TIAREER ~ B ZMGE FLIR B - R (odias
AIETES - AR AL EEH(St-Onge and
Vepakomma, 2004; Vepakomma et al., 2008) -

3.5 FERIMEDCEETTHKAE
SRR A A

3.5.1 DL Weibull B3R5 prEeErT
B REERE S

DA S 22 Fr 00 > STAg A\ TARER foiE i
TARME KA L= &2 Weibull %
FERRER - HEFTIR TR (AT R 2 R f& oy Fritsifit » 455
WIFE 5 M fEGE S DL Law and Kelton(2000)ffrfg i~
K-S & EIE @ Brfnife ks B smfia 18 5y A e
EINE RN RN - 3R 5 8155 6 I 41 > AT
FIF Weibull F5 5 155 ofy ot (i 2 18 7y
A0 DAK-S 78 & FE A e 2<% 100% 0 Weibull
TR T8 o B ] RS (AT 1 2 B AR 53 AT
Bailey and Dell (1973)#5 H Weibull {35 & 4 $5 ~
S8 LR A THERBRFEZEN > o cE
RESMEAR - & cE=18F > AIERSHE
BEN ) B4R - B R AR B g 28T
TESAAARGE » T —AEEIde A THE c Eg AR 1

& c EN 1 F 36 B NP EERERE
(Positively skewed) 5347 » & N TARTRRIZEEE K
R FHBILEERSARE & ¢ BEER
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3.6 I - EHHEREAR ; & ¢ EH>3.6 1F » 2HEA
fm=E (Negatively skewed)7375 ; b [HARESE > b
ERARF R Z IR T a BRI ES
B ABRAIMHZE/NER - R 10 711 gk
ARG IUEE b (B 27.7 (%5 23.4 b {EAEER
RI&H TEREES - M ERMKENFIA LTS
o BURBRIUFE I AR AE RO ZEIE RBF
H&Pig - AR RAVES: - ¢ EH 1.99 [FR
155> TEB R IUAF 2 ¢ fH 23R E(RE A aiE 11
ifi b [EAEFRAE VIR N B AT H c [EAZ
/NHYREES > BB G2 Bl T B A RE - Blam_EAEHR(K
TESEZ R SRR SR A R 22 /] # b [E &k

BRI T 8K IRASHHZE 2 4148 N TARER (iR &
BN 8 SN T Y B vy ) O = MY N 74 G S
V1% F AT R AR R 6 R 58 4 S B AR = 22 T B
Bz A RES] B b (HEEMLNBHE o FIF ez
ST TIARZ BEEER REFH =422 REH
AE ] SIS R TR ~ s > TRl
TTEMRTIARALE 2 AL RS Weibull #2525
[E PHES S RUE > o] DU II AR @4 EITE S IR
=P EfE ~ #1573 Af(Thomas et al., 2008) - I A &
RIS N TR BN E LAY e (= A 5 ~ BRI
1990) -

% 5 DERET T EFRoR SR E 2 Weibull tRE2 %

Weibull by 2 B 1t

ey IO
AR . 2 [ b CE
Fifka] 46 16.50 27.761 1.986
BB EF 27 20.80 23.054 1.797
ik 1&g MU 27 24.40 23.425 1.552

% 6 DL K-S A& e vy B Em TS AR AR B B PR I (2 72 5

JnD, &

BGR o T o ARG, BRI A

Hi
BRAIZEF
B RAZ VU4

0.4635
0.4101
0.5107

0.5154
0.5746
0.7031

0.819 100%

0.18
0.16
0.14

012
i L
e 0.1
5 0.08
0.06
0.04 |

0.02 +

------ ERtRR(
- - BikEEE
Bk

B (em)

11 &8 A TARBR (B B B (AT & B (R AR U4 2 AR 4R o3 AT
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Byt DI I e B BT L 2 B R 2 TR
EHIERL - A {ATFE F A SR (K MR 2E 55T > AT DARE
1 7 B (R (R AR B 2% By 58.70%) » HET T (kAR
B EBOTANEE T B A E BRI
DUBEWE b 37 ACHH 7 P B A 888 SR A VR TR
2RISR ZARAE B R\ > FRIIRHE
RS BRI 4] - AT (B B P TS s
R BBl A By 65,395.57 cm? > Bifk,
14 B BT T By 39,569.09 cm?» T A 7 [ 7 B e
SRy 15.55 0 YLD RN TN B E
B AT TR (A AR (R 1% By s T 5
47,193.93 cm?» TLACK T ] = BEEESE S8 R 15.39
L HERA SRR B ] R T A 7 RS SR TR
ERZERSAESWE 12 For > BRIk IEE 2
BRARAT ~ BRIk R kst 2 (4R sy it 13
FHE 12 R fE 13 T4 B ER (R M SRR 2 AR
AR > SRR AR B AR N ok > BLAROR

Bl 1

FIRRHL

7‘%%%@&%@%&%%@ BB (R AR AR AR AR AR
B (c HA 1.797) » EMEERIE AR - RS
s/ N AR {%E.é@yzjwﬁé&zwﬁ » (AR ARZE
SIARES Rt 5] > AT INOR B AR AR R ZE R - (L RR 4
4 MR R IIEL - BiIEEgREE -
MAEBER FAFT#E S (A UERERR BRI ARSI
BEARNAERZEM BT HAHFREREE - ¥l
MR EEFTE R B DR - RTHER Weibull B
A2 S8 HEE TR AR B & RIBE
HESER > TS EAEBRRARATEEE » KRS8
{E ISR RTR BRI TR H
B TIARZE IR B 2 255 & N Ry 55 AR (A
ZERTRELATARNML B & - BB BT B Y > AT
ETEAEET » FE R AR - DR R (R R
W T ARTR AR R B R PR A 22 R 3 A6 - HLRTRECRER
AR R ESER -

TR 1%

HREHL
SRR K
ZEhE

12 2T N Tk okl 2 B g SR BBt (X 2 YL AR ZE e 0 AT
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30 ¢
_ | Rk
TS L .
- O
2 [ B
=20
=
<
g 13
g 13
10
N I
0 ] 1 | 2%
15 20 25 30 40 45 50 55 60 65
8 (cm)
13 4Lfg N TR (ol i B PR (U F 3 B R A (X 2 1R 8

3.5.2 DEDCEEITIRE AR

AR AR ELI A A TR S > B AT ~
Bkt BLER (R (4 DU EE B0k - EFTHEARZS RIS 1r4
B AETHY R R, CO, BTMERTE - BIBEW
BN A SRR ST CO, |FE -
Horh 8 B B R (G S 2 B A
WA E AR SRS RIB S T 25(1992)
FITEETT > 416 2 B B4 R 40 (4 80(0.333) » T B
B GHAIR 2B - 5 (2002) i 48
(0.4864) -

BB £t b B & & %5 40.00 Mg ha™ >
S E S CO, B TR 146.83 Mg hat © Bifk % F
s R E R F 23.08 Mg ha - STt | ED
CO, E it 84.58 Mg ha™ ; Bi(k {4 IUE I 3
TR ERE &k 30.92 Mg ha™> SEHgHh |3 CO, &t E

113.17 Mg ha™ » S BRI 78 B 1.96 Mg
haty? > SEHgHE -3 CO, 77 & 7.15 Mg ha™t y* -
BB ATELET (% 2 BRI TSR & B
(RATES > S - i 8 16.92 Mg ha™ >
Sk E S CO, BT 62.25 Mg hat e RS2 LU
DR TR T > RS M T AR TS e
SIS 5 R ARRE > MR TR E M R A
7 IS o TR E SRR S A
PRI > FE BRI T AU M RS R AR - TR
RIEER » AEBRETEAE 14 #EITHHE
B4 » SR 2 1] ) St T ' T T A TR Y 3 T
T2 B T AR 2 BRI AR » FREIEE
B R AT 4 BLR R (R R MR BB B
AT > TR AFE AR A7 2 3803 > AT fit
BRSNS -
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. ‘ FEE 1 (BR{KA) FEWE 2 (Hr{kHi)
| l FRlE 1 (Hifki&) B 2 (B1218)
’.?, :: i | g“co
1 2;) i I f; 50 I J I ‘ |
150 l BRI 1 (B IUFR) o l J PRl 2 (BRfRIUF1R)
14 4T N TPRER (A I 2 B & TR & 07 R 22 L]
4. 4o ﬁ'ﬁgﬂ@% R &R AT BE M TP 2 & e A
HR o PRI AV 53 KA » IR EII IR
DIt 2l 2 BEEER MARAIMNIE  pragaton @ - S0 -
BEETET AR HIE YRR & B AR HET TS B e B B (e — (B (Bl » T 8 {1y
LA b NEERMAA =MHEREER TR g rLig > 2emior - HLB s oAk 2 Ak

ST RIS E A Efe A B BRI AL
B AEPEZ N THHENZ 2 A TR E
AL E RS R R LR A fRltH B8 -
IR AR Y £ Z BN T At e
A ABESEA R AR AR A T - TAKY ~ TR
FErZBEEER AT EE - T DR M T

BB B - SREEA RN B NIME IR (L &
Al MEAIA IIFLIS 200 B o R RS
SRR R SRR M - ETFLRRAVEN] FTH
R & MY AERE S -

ORI P T R & TR R fFE T
ARArERE - Ff - fohe ~ MEE - S HBRE
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Z o3 AARI B3R 2 Weibull HE355 1 bR 8
HORELEE » AT AEf TR (o E SR - BB T % #E
FHBR (oS BEAE S IR AR (R BRI TR AR R A B
FEREREAY 22537 ATHECRER (A B b3S - A
Be et 7 KR A HUE T & n AR B R/ E AT
B st b2 38as » A IIMOR G RS s

B

AT S IR e PR H e B N 5 R Uk P
feft B BB AR ORI B A A BlE
R = B S BN ~ TI50 R A IR A E1EL
=2k ~ HETE N TR IR B S B G Bl N R
Rt AL A (Uncle Nephro)éa it £ 257
Ff o SLUAEAISERE - FrEtaeasf -

SRR
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NI HRETRAEZE Z 9T » PEMERTF]
23(2):9-15 -

Rt BIERE - FifRk - 2002 - &8 HIE + %2
MELEHEERENE - GEMERE - 17(3):
291-299 -
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501992 - EEFHAAM Z —RMHE - &
HkEABPTMERTIEE 195 > 205 H -
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7 FH $0. 1D B B R AR = 2 WS > M
T IR T - 10(4):327-336 -
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309 & -

RIS > BZ5E 0 2005  DIGEEERL e HI E AR SR
fR B gRG R YT il 28 2 A ERE E A fTE
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i aepe e NyA =S RN R I N o el v 8
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Application of LIDAR System for Monitoring and Management of
Artificial Forest

Chun-Hung Wei*  Chaur-Tzuhn Chen®*

ABSTRACT

In this study, using 3D scanning Light Detection and Ranging (LiDAR) systems, which are the
non-destructive methods, to investigate and monitor individual trees in artificial forest sample areas. Using
ground-based LiDAR and traditional field survey data to obtain individual tree characteristic values which
included tree height, diameter at breast height, canopy height, tree location map and evaluated the feasibility of
ground-based LiDAR data in artificial forest areas. Results showed that the accurate information from the
ground-based LIDAR system in permanent sampling plots, and different scanning stations could decrease
occlusions. By using high density point cloud data, the height and diameter at different height of the tree could
also be measured directly by the LIDAR systems. Different number of point cloud affected the accuracy of
diameter. Results also showed that the systems could establish tree volume model non-destructively with tree
height and DBH data obtained from ground-based LiDAR. Using threshold value to classify gap fraction, results
showed that were accurate. Therefore, the results could be used to analyze the horizontal and vertical canopy
structure, it was beneficial for the monitoring of plot dynamics in forest areas. Ground-based LiDAR could be
used to determine tree measurements, tree competition and canopy gap which solve the problems of
quantification and spatial research and also help with the stimulation of thinning operations. Results of this study
were beneficial to artificial forest management and improved the forest resource inventory methods.

Key Words : forest management, thinning operations, ground-based LiDAR technology, 3D laser scanning,
stand characteristics
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Assessment of the Relationship between Satellite-Derived
Vegetation Index and Lidar-Based Laser Penetration Index in
Evergreen Broadleaf Forest

Chung-Cheng Lee' Chi-Kuei Wang®® Tzu-Min Hong® Kun-Jen Wu*

ABSTRACT

The forest canopy affects the laser penetration rate of airborne LiDAR system (ALS). The denser the forest
canopy, the higher the laser penetration rate, and vice versa. For an ALS survey project, with the goal to acquire
sufficient ground surface points, the flight planning should be conducted according to the distribution forest
canopy thickness. The information of forest canopy can be easily accessed via the satellite-derived vegetation
index. In this study, we examined the correction relationship between the satellite-derived vegetation index and
laser penetration index (LPI). The study area was 21 km? located in Tseng-Wen Reservoir and 36 km? located in
Jin-Shan volcanic region. The ALS data were collected with an Optech HD400 instrument. The LPI is the ratio
between the total number of laser pulses reaching at the ground surface and the total number of transmitted laser
pulses. The vegetation indices were calculated from Formsat-2, SPOT-5, WorldView2 and GeoEye, all of which
were acquired near the time of ALS data acquisition. This study calculated four vegetation indices, i.e., NDVI,
RVI, PVI, and SAVI. The effect of atmospheric correction (conducted by ATCOR-3) were also discussed. The
results show high linear correlation between LPI and LAI.

Key Words : airborne LiDAR, laser penetration index of forest, atmospheric correction, satellite-derived
vegetation index

TPh.D. Candidate, Dept. Geomatics, National Cheng Kung University Received Date: Jul. 28, 2015
2 Associate Professor, Dept. Geomatics, National Cheng Kung University Revised Date: Mar. 24, 2016
% Master, Dept. Geomatics, National Cheng Kung University Accepted Date: Mar. 30, 2016

4 Assistant, Dept. Geomatics, National Cheng Kung University
* Corresponding Author, E-mail: chikuei@mail.ncku.edu.tw



RAIRERRT E-+8 48 $£263-277H RE105F06 A 263
Journal of Photogrammetry and Remote Sensing

Volume 20, No.4, 2016, pp. 263-277

DOI : 10.6574/JPRS.2016.20(4).3

#IET R A AR BE IR IR Z FIRE
WAL Bl R W RECS HEES BRE
W =

SRS TR o ST R RIS ZIAN B4R - AW A PR E AR A 2 1 OKEE
PR > AR SRR L - ZEEDCEE R REE RN O SEE R T o AT DA R Z HE T
TEAMETER T - R IEEREIE - P - sPRREREEAZ &R - v DIt P
BEREALR - A NME eI ARt R B IR - thaeis ) A B3 B A S B E RS R SR
irE - HEEEEE RS R AR EARAIIB & - AR BT - PR

B K EHT AT RE AR RIS B B R - FT B3RS TR SRg EFRAVE AR

BRSET - BUEMTERA] - ZEEtE - MR - KBS - BAKE

il

1. Al

2B E R R (RS 1 B AL ES
Bt SR E M - A ES PR AR AR A
FAREIRE 4 - TEHN PR A BRI RO FINE
FRAIE CE R G s EE IR AT
A b SRR BT 2RI 8 - AE 2009 4 8
A= G R SR e e & (Morakot) ££ 578 - p Ep il
ISR E S U R YIHRR » H P RN AR 2 2
SR 5 [ERUFEEUE - I 2 2 SR E R
MU AR ~ O ~ 1EZE RO K S TR A [F] S
FUURE  IE— 18 SR SEEE - ETMBERCR
AU R R SEEARRADTE TIE Z 5% -

PARRERbT LI = - EESFHHEELE - E
R ~ MR s B E S A R SR AR R A T
SIHTESE - AR A A B AL 5
ZHEAEN 8 M BHRGER - Dt &R
J3E > ASZERHY M R AR RIS FERT &S -

‘BT EE RS E R A WA - SRS P E R AT HE

2 QO T B AT EAT
SEIT G A ER S S
LR Lt B R A AT AR

S LR P E R AT

® LR L E R A T BE

T ep g b ERELERFT EIRSE &

P EHIRHIGER - SR B BRI AR
BRI AR AR IR - REZ AT DM e G b
FIREH o (B FORTAOR R g A - ARG =
B TR LR A P B s AT 5 2 St D B2 B
YA FTHESH -

AT AF 2 EH 7 18 B S 3t T2 A5 B R R 2R
J&& » CLAZEEO R AT R AV BUE Y - A2
SR SECIRRATRE ~ KERE - TEMRIME (G AT LA
FRALER R E A - 50 B B2 BEIE R il ] DURS R
VBRI A , - B R FAGH P - BEEE R &
B EUIY 2 At gE - H BT s B T A
THIEFIEME ~ W& ~ KL Ordr ~ AR &l
T A A o B 5 A PR LRl > A K L
B EY  JEEETE - g R AR #A TR
EHIEFH R ZE O R’ R AR R 8
TR EE B T BT

HFZ e 017574 (Geomorphometric analysis) &
R 8L HTRIRIER T A FEFIAERIE ~ U
KL~ AEREFIRIERIER - RWILIHEEMIPE - 55
WeE HHA - KR 103 4208 A 11 H

B HHA - RE] 105405 H 04 H
BEZHEA KB 1054205 H 16 H

CiEEAEE, AR 02-29462793 ext.261, E-mail; hes@moeacgs.gov.tw



264 MARENET SH-t+8 FNUHE REEBE105%06 A

GTFUREITEE » TS - 9 m SRS 2 7
e %(E%ﬁ 01984 : REHEE - 1996) - fEEIRIC
HER s - £ 2B {E =24 (DEM, Digital
Elevation Model){¢ 40 % ~ 5 SK$EF 2T HAZEE= T
EES Y LR EER (S at i At A
DA% e B FH (BRERAT » 1999 ; SRR i 251 -
2008 ; R - 2008) - H B AE A RO (KIS LT
RSN BT ZE Y RERRE - G AR 25 S H R B
ERVER B E R E B AR BN
R ARERETE R - FI P 2280 v] U JETE
HI%5M: > B DSM(Digital Surface Model)Ei DEM %
EATREER Rl RS ORI &S

FZE iR A Bl e PR gt (Bla T+ ~ > 2010) -

FIHEE &R E 2 P RE B2 AR
EERIEE > DUBESIAS M E TR EE S1 - S2
ZEEAE A E PR E(Ln (S1/52)) Z 4554 thn] TR
H I | A & & £ (McKean and Roering ,2004;
Kasai et al., 2009) - JEHEEEMSE YT AR EAL
R SR TRRER AV ZE A2 A1 A o Justh,
B A R IR A PLZE SO R AR S AT
BEMIE Bk - FE et g 2 050k - ZRZE MR
SRR A Z MOt R ORI TBAE R KRR R

SRS B HIRR SRRV ET T > TRTH ISR R e b

HC & BN » R AR o] —
LR T RE AR B2 -

11 KRR E R

BRI PSR S 1 S 3th Hb K E B G > 3 BT
W2 ZLREENEL - BE) T - BENEE - 48
MR T T 088 - & RAJTARy Vames 27y
J5U774(Varnes, 1978) » DI BIVIE YRR K% Eh 7
AR HH « KOS St B B A 25 LU AR 7y
JTEM AR IE ST ~ B b= ek ~ BbT ~ BE L
FIREHE BRI TR R o33 2 T 20 7 =T
LUFIFE H A RAsthIe si Gkt a7
(EH LR R (SRR 0 o L B S A iy, 2008) © 41
AR S B A R iy S M B » R R Sl S

B2 MR

SR LR [P AR AR A LR - K
MU AR SRR SRR E 0 RIS o
HE > DS E 7 HBEAEREN  RBEEE
ASTENL AR 7 B 10 B 17 5K BL b JRENR
B~ AE5TAIR 100 0K x 100 0K x 10 SKEL &1L Ay
PRI AR ) 2 EF% > BRAEE i _EA]E i S AR
ERAIARASL TR 2 P H R BT S N A (RS B e (i T
f ~ B R FHLE S -

1.2 RBIE AR BRI AE 3R 2 #
R

ZIKSUFﬁ%ﬁ’l‘ﬁ%’ﬁﬁii%u%@ﬂﬁ'ﬂ%&z%ﬁﬁ%
o B— BRI B SR RRI v T RE

T KA AR & > St )8 ﬁ/fﬁ%@?ﬁﬂﬂﬁ
SERHE ~ FREE ~ FORHE - 2488 - B IS
GHTRIUIHE ~ BITIEDEENES SR - S e
BI0H - SRUBEI S - HE AR - 8505
BB AE 1 S AR E e N E 2
4 B 52 B T 5% B (IAEG  Commission on
Landslides, 1990) » 351 A B & BRI SCFAH AR Fy 4>
BRI SRl 275

TBENE

[=

1 KHERES PR RER (B ER R
F#+7-, 2000)

2. IRES K BEEER



HAE ~ G ~ SIHERE - B - BRR(C - BRREEE ~ SR - MUPRTHDTAERPYBIEARISE IR HIFE 265

2.1 IREEE R

AW FERRE st et MIER 2 J70% - 2RSSR
SRRE N SIS 0 AR TB R AR
SRR E SRR HET  MUBR R U R ey
SR O R 2 M R BT SR 3 - G DAL S E AV #
HufE B RAGET T 53 AT ©

HL LY ARG DUAAREA M - AT R4
SORG R - [ R/ KOR T B KR i (8 2) -
TSR E 250 oK% 860 ok gREFMEIEIY 81 &R

N BEERTEZ RS e R
TERE B RS AT FT e & E Pa E RE LU
1 > B St T R R TP B S AE TT AR
J&ZBRTIUIRDE ~ R A ~ Kb - fbgE
I LA SE ek (R 3) - 4iS T2 E]
LS T S AR AR SRR A (B AR BD AR EE ~ R
YETESRARIE ~ RORHE ~ SRiR[MIHE ~ BTN EEhAS -

BmEFERETE - K ] e (] 3) th rTER 22 i el
iz AR

A
o |

D mEER

g5
(L
1 Eg(f? .
l| -

3 SR ZEE a5 DA A FE e ) i



266 MARERNSET F£=-+4 HEDH RE105506A

2.2 ZEOCEREN BT R

ARFFSE 2 ] FH SO T o o it R A T T
" Iiﬁm WA E R E S ITEE  HEGETE
» FIIFHZE O R T (LIDAR) AT B AT
%dﬁﬁtﬁﬂfi@(DEM & DSM) - #& (i Z=HEot ZHIE
P AN S L S TRATIB F SR A E ] TRATRE(F
%~ ZEHEOUEERPEHL - S5 DEM & DSM £
TE(PECAIE AT » 2011 5 BAEDE AR HZE S8
Feer» 2011) - giinlistE H 2010 & 2012 F#{T -
HPTER I BE I B Ry 1 ORI » AR
FiaR BB 40%LL b ST IR anBE 2 55—k
BARIBIR 2 P - 800 SR LT b dghb e R 7R
F| 2 BEAEE IR - 800 SR DAEEScRE % R ]
1.5 B IRE R R BB R B - RE
T2 P HEEEE RSP TWD97_CGS EARZT -
BINBEA S TWDO7(2010)H[E - ATl
TRATH = S BOFR 1P EHIEAE] - 2011) -

1D Ll 2 TRATHIES B2

s ALTM Pegasus  |ALTM3070
#HH B B
SHI%Y [ A 1000727 ~ 0818 1000815
R 2 (m) 1601.47 1601.47
fiisr(m) 2500 2200
FB(KTS) 100 70
fmiliE e (deg.) +20 +20
Bk E A (KHZ) 100 50
AR (%) 60 40
PESEZRREE (pt/m?) [2.6 1.09

A S S SR AR (TP LR 4 =] - 2011) »
B SEBES Y 10 AT PAN - $HREES
BRI A AR & SRR YRy 50
ﬁ% Bl — R PR 22 G RE 2 B AR Ry T AR
» W E B 2o 9 R A A TR L T 5

& Hﬂﬂk % ESH

3. W54

H &I 7774 (Geomorphometric analysis) &
WY Bb o taRIERTE » FIRETE - 45180
AR I S R TR It R R B L S R L
ARAF AL > FTLAFEFIERIE ~ HUE ~ /KO~ ARREERER
SRR AT ZE © ARHSE DA st B S A PR A
Z1 —f"“ﬁj‘czﬁﬁzﬁiﬁﬁ/ 2k > A Esri Arcgis
WA T 22 &R @B T EEA RS A
(Slope ang|6) + B ET E (Hillshade) ~ 38715 534
(Aspect) ~ pi =& (Curvature) ~ 3t % ¥H #& & (Surface
roughness) ~ 455{zEL{E (Eigenvalue ratio, ER) ~ %78
[ Afr(Openness) & M HIT 7% - SHE a1 RIS
VR FOER T AT -

1 1 R AR R RS  TRBIIE
R /KCFIERER - ST ERY T8 ER oy
HHAEME DL St B LR DK RS R
FYIEVIREE R R () - LLsRE B LR UKE
PEEEAS SRR 100 BT Ry3e e 55 7y b o AR 2 A
ZH(GIS)H - Y st R F R AR &k
DIRSBEEEY 775 » AR Ry 3*3 HR AN i
THE4EFS BT 8 (EAgEHY R A S B LE ST
Mf > HEEET2% ARCGIS #E{EHI(ESRI,
2012 ; Burrough and McDonell, 1998) - #&rqith &
HASHET R AREEIP &R R % - DIBE
TR A ERIAR RS - W H A E &R E G
A B EMIP AR TR BB -

35 1) 2 B R DASR R 2% P SR8 S 1 P T 1 Y
Jifr - A R % - S AT R E DA B4
F&ENTTE » AR Ry 3*3 4ks AN » B E AR
BT 8 (EAfs Y RS B A E IS - Bt
TR 2% ESRI #{ESHPI(ESRI, 2012 ;
Burrough and McDonell, 1998) » H:F3E L X J5[afl
Y J7lE SRR AR T LA AR T R S R U e S
sTRSGERHEGBERTOR - BIA[FoRrizm - &H
GIS [EGALEa % - e [m BT E RN it S5 A
Fb o HhEESEFREZ— -

iRz Ry st oo AR B e AL —



AT ~ R ~ ERHEER - B - BRZZ(C - BRIRE  FEEE « st PADAERIN B AR R 267

BRI AR E B BCE I R A AEE
HEAEA IR EORPEE) o FLI77ERERE R A
BRSO 7 I A RS > B R T 2 R AR R A LAY
R RS B IR R i b - HEREHEIRRY
PE » AL 2R AR R0R - At 27
EHERRE L — R SRR PR RO TIO TR Z
WERREC HE Rt 2ia B ErB8miniE
BHMPRHE > Sianian A - NI A A s it
{5 FHA [E] A R e TR o A 2 e Al TR R B (Challis - et
al., 2011) - fEM PR HE R AR - FEROLIR AR
AR T R HYE & - FEI0 L Ay 8 i Bdsy (m) 5 15
% ORI - EE GRS
% ESRI #g{F:7 595 (ESRI, 2012 ; Burrough and
McDonell, 1998) -

AR TR T B o 2R R P i T 2% ] 2
B2 H . — AT [P 7T profile curvature
K¢ plan curvature - profile curvature 3 1H A _F
YR {E - plan curvature )3 ELH5 i HIRAE - —
fiethREF R TR MA S - ACAE 7Y GIS
s YR RER AT - DUR A 4a it &kt
FIF 3*3 BB4EISAET R Kt I — T8 HIE
RFL ;T 2 (Zeverbergen et al., 1987 ; Moore et
al., 1991 ; ESRI, 2012) > s+E = n] 275 ESRI #2{E:R
HH(ESRI, 2012) -

openness #% 25 &£ /1 Yokoyama et al. (2002) 2
HEYHIE 280 MR AR Rt R A F A &
{rF e e e _EFAFARYAREE - &8 F st FHEE AR ZK S pE R
Z BB AR T NG S 1P AR AR
JEA ot O st ERTHA KR A Z AP
B - BEEEE T SR RETEE - ERAE
ForENMEK A B SEi st - m
& EEFRRENLE AP Z T PRSI
HOFPIE] - sky-view factor 2 LUBIR TR TR
R IR E(Stular et al., 2012; Zaksek et al.,
2011) - EELTAR DI R MP IR AT - e
E LS BUEF AT RHEE 5t GRS YRR - H A

ELE X W32 (Chiba et al., 2008; Prima and Yoshida,

2010; Prima et al., 2006) ~ #&3&EH 25747 (Lin et al.,
2013) I A JE I B2 (Stular et al., 2012)% 5% F

JEM -

ARSI R RS SR > EEAHEE
St ERFO R THE - Y S B L 2 HL
BERM S A - JE RS ~ S I H
8 B % (McKean and Roering, 2004; Glenn et
al., 2006; Frankel and Dolan, 2007) - |fij Pelletier et al.
(2009) - iELL DIHENE ERG T RARA SR8 SR
e B N AR A E AR ARG > E DL
MBERE R TR AGE TR DRt &kt th i
LB SRR, - T A 2 & A 2 by
e -

FiEtE(E V774 (Bigenvalue ratio, ER)H/Z—ff
RMRE TR AL — BRI &R 73
AR > A5 [R5 & (orientation tensor) Fs B BERTT
AN ZERER DR RITE  &F 25 H
Scheidegger 1 Fara £ (Fara and Scheidegger, 1963;
Scheidegger, 1964) » [ 775 R AEEIEHTE S |
JER - o b Ze e PR EUE ~ S AE RS AR -
TR R B AR RSP - A
[ 3t U Tt 2 Al i © 5[ 5t JP2 AR A8 0 ) 41
B FERISE [ st BRI E T [ 8R5% > E— BRI )5
ERERENEIE - () AR EIEry 2= EE
bet» & TIEERM L% BRI FoR B TR E T =t/N -
sTERFH A 2 (Bigenvecton) B fy 41~ A2~ A5
2) > FrfEE (Eigenvalue)H¥ES By 1~ S, ~ S3(3 3) »
A PR LB e £ 1) & U7 [ Y B fEL AP (Guth,
2003; McKean and Roering ,2004) -

IR DRI
T= Zyixi Zyiz Z:yizi ..................... N
>z 2y 2

(,11,/12,/13), Aitdg i, = @)

Eigenvetors
Eigenvalues SI=41/N \when Si+S.+S;=1 ()

FIFH BT = (EFF BRI L EEE R (R - 7]
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DLA5 5] 5 & 3t TP 181 2% 4% [7) & 7Y W 2 # (Guth,
2003) - ZiHzZ#(flatness parameter) Fy#5EfE S, ~ S,
2 EEAE S AL B 2R B 455 SR F Rl 22 R Y
EERER - JNEIFRR I ZE Y S - [ 8y
it FoRZEMEEF R EIRY T SRR
Yl IE & (McKean and Roering ,2004) - #5258
(organization parameter) Fy35E4% S, ~ Sy 2 ER{E AT HY
A E &R - ARERZEH EAIEEE F R 2
B - fEfEEE L R] Ao AR E A (B SR
J5 1a) o AT o3 M R AE B JE D JE 8 B {4 (Guth,
2003) -

4. GEREEETER

41 FEEHARGAESEITE
EH R ERE A

BRERITE A REMAEERE - fizE
R FEGER =N ETRER RN RS
» P& FCHR AT P RIS FE Y BB I R A 1 T 0
Frbftge > DL O mtEMZE IR A (B 4(A)KE
{E BRI Bl eIk PR R e A i A R ER AR &
HERRIZ 478 & - Fic & DUE 2B R H (5
EEPHEAER > BRETE R g HEL
40 SREEHF I ERH(E 4(B)) ~ 2005 F-FHNEL
HRFTAIEL . 5 SKRATUAIBE AL EZR (8 4(C)
4(D)) - 40 SKHTE RIS A FIRR T FE I A L
T R ZE R » 5 SRETERAIR L EPHY
A b Ll T 0 PR FT R
B FERE RS AR o KB o (EER
AR AS R B b LR & B RHIR LRI Z
HAZN - ERERBUNEG AR AERESE
Ml > BT A AR A AR IR - K]
DIfEsZg B - (B RS ARt & - Al
Oy A RGBT R 2 S 8 G RER
BHIRRAEESR -

WEE R U ~ e R Ay > BUEHP
A BT FEE BT » [ PR (o P Y B (L 3
AR > HRTTET R R G HE 2 40 SREFH

A E ] 2005 42 B HIBISE R 42 5 5 SK4BHS
Fokh s AT A A 1ok BT
BRI > LIS E R PIE 4)  BRSER
FIRRATRE A ZRI A Rt S TR A T
QA - 40 51 5 1) DEM 45 (18 4(B)~4(C) ~
D) KB LT SR ER RS > B
ST R LR T M L LS ~ ST ST ~ SN
1% 5 A 15k DEM 45581 4(E) - B 4(F))
B T 5 A (i E R » BT A S A4
B SR T e > LT 4 PR RN R
PREEE T RS LY 1 2 RS
P A FR A B S 0 AT T2 « [ 4 o » 5
LTI IR L RRRATT 2R (ki
BIEEITHA T 5t — AR R £
SR HEE AL B SO BHE R A R
5k SAE O R (3T 0 PRI A2
IR A S T B T R A R i
B TS A F 2 2R 13F
iV PR 38 i e P AT = ) » SRR SIS
AT R L P (B S (B e
- B (5 (T 0 2 PR 2 R PR I
 LEIR A T R B A S 2

4.2 AEETAGTAZ FERET®

AHZER FIBEE 53 #r(Slope angle) ~ H IR
&T 5 (Hillshade) ~ #% [ 73 1 (Aspect) ~ i &
(Curvature) ~ HhZ=AHKEE (Surface roughness) ~ 43
1 bk {H (Eigenvalue ratio, ER) ~ & 25 & 47 M7
(Openness)Z 3t at M7 » B ode st & 2 B
{ERE &R T oM SR a DAL S
B e R R - 1 s S B R YA R
FTAERAVERR - WABIMRE S 7 e HI5E - 20
BERETHEER - SUE BRI AR -
JRRETEAELR ~ Sz TET (R B B (LT ] DL B B 2
th > 1MAE GIS & - AARFEEMETXEH -
G ISR FERR AR AL FIRERR > 4l 5 DAL= 4k
FIMR PR <5 W e 7 =R 2 BB E Ay &E S sA R
[E] TSR » AL e Sk (P 7 20 A] AR 22 HH S By
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ih =22 (Curvature) ~ 3t 3= ¥H ¥ = (Surface
roughness) ~ RHEELEER)FEI(E 7) » 2 RatH
FEEET TSR nI R BP S L EUR
HEEFRYHEERS RSE ARG E LA
g3 BEEAMHEE ST - Fat 7 ASE Il LA
BB LRERAE G A AR B A L HIRE B EE
P EER

&R bl PR R ARFEE M &R o i
BRHE% - HEERARE Er o BWE > Lo
(Slope angle) ~ H &z &2 1 & (Hillshade) ~ 37 [a]
(Aspect) ~ i 22 [& (Openness) 245 5 o] DUS I 21752
{ERERA G SR o] DU E R HGE M AL (R B 8
1t > 2. fff 2 (Curvature) ~ #f Z2 fH ##& f& (Surface
roughness) ~ FEE(E(ER) (18 7) n] LA EIEUE(E
HIREER - (B R R S Bkl T o flic & B 22
H > 4 i ES AT R & SR - IR BUE I &k
B MR ER b - B DI o i 2 B Y - BRI ]
BT ER LT -

43 BERERA B BREHE
HYEH]

HZEES3HT Openness B Yokoyama et al.
(2002)Ffr R Y 228 » T2 LA— @it R oK
P B = AR TP 3 P R (5 (tan0) sz A KR R s 2
FEH - BEEAE X KIEEHEAEE 8)E
ZEE I MTHIAS SR - 75 (R B 45 507 1 =] AR BH R %
&~ Gl EGSE EEM LR R IR TTREZ LS
SRATT IRBAEBIRE K 2 AR B AR © R e
HIRZE S - PRl R LA AR ALY FRER - T35
0L H B pe sl ol FEE ] » SCREfNG@a 1 ith 2y F5E
MR B4 8 m] AR BR H M Rase @ DR 7 1)
A [EIT A Y 722 52 B (R E = AR A s s 2
RRE R B LRI - AP - RS - (5
BZETE T 4E T St 3 Bt oA S 4R » 7]
DLFR AR 7 (EAYEHUE. - 2RI DUBRDLR TR F 5+ Y
77 AT I i (Stular et al., 2012; Zaksek et
al., 2011) - iE 5 45 m] DA et PRz s2hrh - 22
&N HE R SO ATV R R 2 R s T bk

B thE B ETE AR K L (Chiba et al., 2008;
Prima and Yoshida, 2010; Prima et al., 2006) - f#i#
253 #(Lin et al., 2013)F1 A EUEHIFIE(Stular et
al., 2012)% fEF -

- = I

B 8 BB M R B e R
PTG 555 A B EBZEREIE(E - B B
BRI

Chiba et al.,(2008)#zg H 41 (17 A& #: 52 [E “Red
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P& Rt S 2= 2L - I = A B E s - B
B A AT R AR (Lin et al., 2013) - FEFI{ERR
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% B IRV F L AL D77 BT A
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10) =] DUBAE S350 5o St 68 Py B KBRS AR 55
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Potential Catastrophic Landslides Mapping by Using
Geomorphometric analysis

Yu-Chung Hsieh! Chin-Shyong Hou?" Jyr-Ching Hu® Li-Yuan Fei*
Hung-Jen Chen® Cheng-Lung Chiu® Yu-Chang Chan’

ABSTRACT

Extreme weather events have induced more frequent geological hazards in Taiwan. The heavy rainfall
brought by the Typhoon Morakot has triggered a large amount of landslides including the Xiaolin village which
was demolished by a catastrophic Landslides. The study of such catastrophic landslides is urgently needed. It is
considered that the creep phase of a landslides is a preparatory stage of progressive failure and gives enough
signals before turning into a catastrophic landslides. This study used high-resolution airborne LiDAR-derived
DEM data from the Central Geological Survey, MOEA. We used different geomorphometric analyses to process
the high resolution and high accuracy DEM data including the hillshade, aspect, slope, eigenvalue ratio &
openness. Among these geomorphometric analyses, which to converged openness, slope and hillshade method
of the results, the capacity to discuss the possible cause and the influence analysis of the catastrophic Landslides
in view of the slight terrain features has increased drastically through DEM processing. Our results indicate that
over hundreds potential catastrophic landslides may present in southern Taiwan after the Typhoon Morakot event.
The quantitative methods used in this study highlight the terrain features of the creep phase of catastrophic
landslides and is helpful for landslide feature interpretation and hazard assessment.
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Automatic Building Boundary Extraction From
Airborne LIiDAR Data

Hsiao-Chu Hung™  Yi-Hsing Tseng? Hone-Jay Chu®

ABSTRACT

Building boundary is one of the important components for the mapping of 2D digital topographic maps and
the modeling of 3D city buildings. Photogrammetry is currently the common technique applied for building
boundary generation,which are labor intensive. Airborne LIiDAR data provides abundant3Dinformation of the
scanned objects.The characteristics of objects are implicitly contained in the data set. Usually top surfaces, such
as roofs, may have densely distributed points, but vertical surfaces, such as walls, usually have sparsely
distributed points or even no points. Building boundaries, referring to the intersections of roof and wall planes
are, therefore, not clearly defined in point clouds.To overcome this problem, this paper develops an algorithm to
acquire building boundary from airborne LiDAR data.

Threemajor process steps are included in the algorithm. Firstly the point clouds are classified as building
points and non-building points. Then, octree-based split-and-merge segmentation is implemented to extract plane
features.Second, those building points and coplanar points are used to trace the boundary points by concave-hull
algorithm. Boundary points of coplanar point group and building points and the first and intermediate echo
points of multi-return scan are selected as candidates of building boundary points. Finally, methods of the Hough
transform, line fitting and line segmentation are applied to find line segments belonging to building boundaries.

The experiment results show the effectiveness of the proposed method for automatic building boundary
extraction from airborne LIDAR data, and that combining the information of the first and intermediate echo
points of multi-return and the boundary points increases the completeness of boundaries. And, it is promising to
use the extracted boundaries for 3D building modeling in the future.

Keywords: airborne LiDAR, point cloud, building boundary extraction, 3D building reconstruction
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The Relationship between the Volcanic Activity and the
Plume in Guishan Island with Satellite Image

Yu-Wen Li* Chung-Pai Chang®" Hsuan Ren?

ABSTRACT

Guishan Island is located at north eastern Taiwan belongs to Yilan County. According to geophysical and
geochemical studies, it is an active volcano, and the latest eruption occurred in the Holocene (7 ka). The active
hydrothermal vents and earthquake can be considered as manifestations of volcanic activity. There are some
hydrothermal vents at eastern offshore, and the fluids from the vents are mostly made up of sulfur, which cause
the discoloration of the ocean around Guishan Island. The discolored area is called plume which can be easily
detected by satellite image. The shape and size of plume are disturbed by ocean currents or winds. In this study,
we detect the plume area by three steps: (1) remove land area; (2) remove cloud area; (3) classification. First,
ENVI is used to build a mask and remove land area. Followed by a fully constrained least squares approach, it is
a mixed pixel classification method for concentration estimation in each pixel. Finally, the area of plume is
calculated from the result of least square approach, and then compare with the number of earthquake events to
find the relationship between them. In our experiment, 36 SPOT images in 2008 are adopted, and the result
shows that the larger area of plume was occurred around the large cluster of events. The area of plume is related
to earthquake but there isn't clear. After the correlation coefficient is calculated, the highest is in £1day. It means
maybe the earthquakes can cause the area of plume become larger.

Keywords: Guishan Island, hydrothermal vent, earthquake, satellite image, image
classification
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