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ABSTRACT

After the Chi-Chi ecarthquake, drastic land-cover changes have occurred in
mountainous area of Center Taiwan. As a result, these areas are prone to damages and
casualties by typhoons. Landslides frequently occurred after the major earthquake and
have drawn attentions of juridical agencies. Identifying landslide sites is crucial for sound
watershed management in these areas. Therefore, this-study aims to identify landslide
sites in the Experimental Forest of National Taiwan University using satellite remote
sensing imagery. Multi-temporal SPOT images were collected and corrected for
geometric distortion using an Ordinary Kriging algorithm. Separation index was adopted
to determine the best spectral feature for change detection. For this study, the band-ratio

(IR/R) was chosen for change detection. We also developed a peak-aligned-histogram
algorithm to estimate percentage of land-cover changes and the threshold value of
band-ratio value for land-cover change detection. We also show the landslide sites with

respect to terrain slopes.

Keywords: Chi-Chi Earthquake, Change detection, Remote sensing, Ordinary Kriging,

Peak-aligned-histogram.

" m w«
ol - o
) 5

Sipes Jki J&
¢ Hi T A2

» MEACIRR
Wi A

Mz

P Bl imf ’

ER iL

' s r;lr
n’if
fE MEF I A
P /\%U\M} ”3\1"?}5’(9{4’ (1997 HE A%
IR JER PRSI g ""/"W J\"JﬁU %l 14’"5 ‘ /1}\5“ !

S

11 I/f"f :

Uit RvRild “”’f%\’ It ff\‘“/f RIS

27

LA

K2




/T) B0 level 1IE

20 L\}\ }(A,

Wh },‘s{ ) W

31/ %\ g

R iLNJ Hz i
FHZErREHT 175000 FH F
R 2 g i
Projection 2 TM2){’,- {
W
O
L o B IR {
{7 40 AR x 40 1y) \/\ﬂifjﬂl’?it ﬁm”ﬂjli—,lt

f gt /rm

T (Tmnsvels Mercator

e - Wd(?‘,’if@’(u

{5 \u';f,‘}mU fr;& B

k2 /\(1999)“\)1] 7 Landsat Data-

5 B8 35 Terrain Model, DTM)$d (eI S B
MSS and TM 85 » 3 \ﬁ% 2 PR~
RTE 2 AR FRBL

\/[\ o Olle Hugner 2 A (1998){ili I~ Bii5T535
] Landsat-MSS %*rﬂ%@,’?{, ([ [J Monchegorsk iL [ark 41 BES ﬁéﬂmm

RS o John B. i
Collins 2

FH 26 RSB (¢

#5 - Cecil Ha lum( 993)[11\
Az Ko b MR

i AT
i[5 2 o Cheng(2000)
A W AT 18 128
”*)UFJflff‘(iz(Ol‘dlmﬂ‘y Kriging)
L 5
B o * JfE HZ%%\'JAW”M‘,@Z

i i %p
s 5 S A

fl|°D\ﬂL AT R
7 SIS i SPOT #R5
U A LU B0 B G (image-to-image) SEEH P

FLIS) SO T PR -

T IERK

=

I R P IR e 2 R I Bi’ m%( 3,952 FHUPERT
N BRI 3,732 AN Al I#L}\/IM“ 1. PRIGEABE 515 3R O T P 2
E= R M’“%/J‘nl/&ﬁﬁx s o 2. - [E WAL R 2 T 2 - A

; an > A R ;
SEEGIET TR

2 2o

L]

(£

}&:Mi )(l\f”ﬂ SPOT 2% ;Lf\iUY/?€;z\ 5
mﬁi [J[//,f%‘( ! '“ élﬂf' NG ]'F’T’“"{‘" PET | 999 4 10 F
- ’I‘JLZ JRSERTR

5 level 1,252 %\’ Bt REEE

(Croqs—Va idatiom J{Eff#G L - WE
Ak 5;1; T Mm 1%%

Rty )

i, 3 T



{Eak 4\{};};}{&(86% Linear Unbiased Estimator :
BLUE)A/,[VU:{;: , ;

‘%gifﬁif&e;&& affﬂrﬁ/’r{f d{’in&/‘i
et ,

AT BRITR

OF & - '; Jf W”ZM’I’

(2) B HBTE ek,
Ll,ifm_ n-

) I"'~F~Lt i

HX it

(5 4 /J_ha;k/Z%\{ fmfii,,;‘IKE(Unbmsednesswi*""""i%(
#(Coherence of Kriging Variance) ©
FAm 45

SR < P A R (M i B 8 7% 2.
iEE=lEyr e 2 L_T/J/\ 0 FZRRACR B - DL KAE
&‘/‘ o

KAE =232 = 2)=0 (-1

ni=]
— B

fH ,fl !Ilf\/ rﬂ{ It{j KiTA ;({/x }TIE%(LL{ é“‘JLH
EAERTA 1 - FJM\‘ BE - DLKRMSE #5575 -

KrRMSE =L 5| Gin AT oy (4-2)

ni= o}
42 EEEE
e TR % D
z S E RPN N b WA

ST > B ATIERHE 1999 4
10}';’] ] H}x2001’1 9}]2 HMSPOF?’?]F}" -
AR S B > PR e e - M5 !
REC Bk e Bl T J i S 2 B e
e HJ{%/L,'}H '

I eature) 2 FETY

4’1(/ iU',,, !

2 f-(matching)

] I’H{MIJ;IZ/_?J&E

BB

‘fl( H ’;)((Fmtu]e),_}{“lﬁl

$ 4 S LTS IEI KLUl
N2 ESHCa

NGk WA FEHE R H 53 B P 45 AR
(Separation Index)BEHv i 8 B H BEHA R 22 v
ALAJ'SI'?B"'Q LIGER] S BT fafinst

o ABFFCF 518 2 B bR SPOT

3 ][/.{\\I/
'{/f‘ J}j,” /\)flculj%()(
s e b

EROIR) ~ RILYEER(R) ~ fBRCEL(G)
LIRS EL A atio (TR/R)
P (NDVI=(IR- R)/(IR«:-R)) o
Horfr > Band-Ratio w28k 2k
FEE (L2 T B HLAS > S IR A
JoqRllcEN e 7 Rl M)ﬂ?ﬁ

Pt NDVI HISHHALE 25

Band-R.

e FE A TR //I/"f » TCHTEERE(Euclidean
Distance) ~ “JLEIHI%Z'J“(MH halanobis D]Stance) - B
B (Divergence)? ,
REIIFE] 2 2R
WE o BN o

5 EC ST

J\ ;’52 ﬁ JRHER I 2 A5

B AT

Dy = 12”’[(’/1‘ —vpot v )

+~;~n-[(1/,“[ +V U = U ), - U_,)T]

e

4272 1” 4+ (Histogram Matc ling)
T3l B S LA Band Ratio il o

24—



= 1

HEZRETE Band-Ratio 2B RFREUN SRR
BCABE—

i)

& (Matching) #& 2 #t 72 & ¢ A 42
FREEEB AR R

=0 %«( 2N m% .,’
Band-Ratio

PR RS AT IR > SR UK PR A
(ERHE FE 2 Sl > (UFREE AR |
ol A LR e PR

W ’“f m '[ ki

G l'l'?% 5 JJ lt tJ iLfl L2 ‘i“—‘;‘ lif 2 S
& I IUWJ : ‘:ﬁUMI}[’j‘t,L, ;M[Tf‘H
T e "ifﬁ”l’i PRI - k2T 558 T 50
P fil 2 B > IR 2

4.2.3

L 4* ””i/}i[’%‘f%

R
R ER L

54
Py

N
®
: \ \\

B3 EBEDIERTEE

AL oL U PR
B+ AT RIS i > — (R - T3
IR (A T — IR - LN L -

S G TTA B T BT - S g
BT R A
. Z ]/ (g —fz(g)| ....................... (4-4)

2 g=0

ivf‘/}\lf“{n‘i s g=0.....255;
/1(g) FAIKFEE g 2 %

4.2.4 5 /Mﬁ“* kAl “/d\/&_
A% L MR R,
L /)\[”“TII

b GoCIRRE

{(EGI ‘/T?EE E {t K]

T
=7
T

B o ] RS RRAR A R T ~
1”'/)4’“‘1[’!‘! ’ HX L7 S PR 7
il Tt s

8| (4-6)

A R e 2 e

[Fi]— i1 o i
ERG A 4) -

,/H\:F{fl > gy
g2 FBHCZEKT JJ?&UJF?T&&//X

i
AR 2 '.i“‘”fx&/_qL"’fl/Iii%'r% e 12 ’HJ /}\m
BB IR ‘,;H » DAL S B > A5k H
EfEe % - fj%@zé‘ , ‘EKM,\/_W}M%%
BB Rso )ffrz?mzzpw [
‘W’,{m o A%

st mmb/q{ ZIK
’I iE e Y PN
g(xﬁbiﬁa};}lsmlxw Hf”’/NJ/ G MRS F

D5



&1 RXRERENERSBIEESHETI9HE
{HERENGER(2001/09/21 ZELRE—RH)

_ _ Tl fbdE
i , - — stk
RIS | sk -
X6 71 (r) 20,985 112
Ik 7 (ry) 0.259 1.025

2 RXMERENER GBS I
{BERENGR(1999/10/01 FELIBE—RH)

i A
B M 0 % (gj‘?{/}}\) — s
WAL Ly
REE 7 (x) 3.721 1213
4 EEEEEECIEE—AE) B G IARERY) 0.06 0.999
s 425 RIFHLFYHR 2 BRI

o B
L”:(f/ljfx! 1999 £ 10 F 1 HEZBrhJLAT

T H DTM > (R0 R4
g BEIER - A

TG FRRGR R - P s
SRR - 5

"tl‘”i 4‘.‘{&

© FGEREEEUER

%%MEF%

R

2@@4
e

SRR LA - SR
U%JE;J/ 0: M f In}\ J \:)’J "I'JIL
HEET 1 FROTRTIERLZ D
i 14E9 H 21

B o E583riie B CiRE—RA)

,AJLZ‘Z{ &illluf! 6 g SRl
""" Lj\ Qo 5 IR R M Py e AF 2 A A
J‘U%fl»i ’ 1999 /.f. 0 H fffff

—26—



2001/9/21 1999/10/1
B 7 HCEEUAENEE SPOT ZEEREFEBREBRSEBCIRE—RBH)
3 PDEUEIBERTER
JCHRIEREH
#45] \k H IR R G IR/R NDVI
AR AR 2.69E+03 2.458+03 1.33E+03 4.62E+00 2.55E-01
ESaE s 2 A98E103 13E+03 4 73E+02 2 91E+00 1.99E-01
A S48 3641103 1.74B+03 8.07E+02 3.59E+00 2.30E-01
BICEERE
FR Nk IR R G IR/R NDVI
ok Hb L7 3, 8.8884168 86.689231 36.203115 08876523 | 76737918
SR SR 20.036969 101008 12.380794 63909022 | 48.257276
1& A AR 1 22.410367 133.79981 98.793018 92.337943 120.43754
BEE
LIRS IR R G IR/R NDVI
AR SR 3k 15574 48.712749 19.615626 | 51*747056 | 3855701
O S gk 10.224654 13.396115 75938522 | ¢ | 24158242
A A S AR 11.249513 80233545 60.9766 | 4e. 649762 | 61.308297
2B MM{T 3721 AR~ FEdRH 0.06 2\

1Gcifd
f@ou'

i ﬂ I \/I’

DT




S B BRI R EZLE<I5%‘%JL1"‘{“*‘
it e oE A U\ S
Band-Ratio(IR/RWES 1
H J’Jﬁﬂﬁlﬁ‘ﬁ?ﬁ’? ’

PTG RE
’?’fa; Gyl 2 f &
AT ECET 10:70% ~ B

!im.

, W”‘J
SR,
‘j"ﬁiﬂ 'mﬂ\. CRLbGH oK
1‘ ’ !/‘\WL wa % )"\‘f-’f]’)
i ,Z,LLU',{%,]E » Y

B

538

=22 10:

ARt

<

I - T
ARSI
7 Cheng(2000) .2 HE

SRR IE 2 WA - A DLV R
o I Htlm ';:"é)\ i

i ﬁ"I

Ll

(A 'f*'xnm)(

o]

R Hip /Ml
Al A

A%my

b m NG 2

Wi 7
)I.N M

B -
i S I B A (i
& o P R I T ki} IHJUD?E:ULF M-S
' ‘M)))‘;’\’f",”‘ciui HoZ 7
7 ’4! Hi& e R AL
fm{{ ;Wf'

L

£
3y

ey

SR [ff?z\é ffiﬁ
R TR SR UK
b RS2

5.
R
6. B

i if ’ fi\” SR AR

2 f“ » B W}xi"nz

SRS

/H%U
ZHT5E

%Mmzw%J

FEERIIERT L AR L -



- ,
ER T kT
0

5
E
&
a1
|
o
=
x5
B
ct
5
5
i
B
Xae
b
=
e

, M“’
-

ah .

o

PR RS ATAR R

MRS AT A

—20-



50

4
s

29°

5

BRI

£

At i

B

5B

9(a)

=)

s C

a.

)

bt

e

B

3=

9b) &

(=)

30—



I

» 2000 o [ TEfl<
U TR 2 W% |

FEMIAFIE-RR L -

T., Dhakai, A.D., Aniya, M., and
R.R., 2002.

associated with flood and erosion caused by a

—_—
A=

Detection of

Sharma,

areas

heavy rainfall using multitemporal Landsat TM
data. Photogrammetric Engineering & Remote
sensing, Vol.68, No.3, March, pp.233-239.

9. Atkinson, P.M., P.J., 1997.

Choosing an appropriate spatial resolution for

and  Curran,
remote sensing investigation. Photogrammetric
Engineering & Remote sensing, Vol.63, No.12,
pp.1345-1351.

10. Cheng, K.S., Kuo, Y.C., Yeh, H.C., Liou, C.M.,
and Wu, M.T., 2000. Identification of landslides
induced by Chi-Chi earthquake using SPOT

The 21st

Conference on Remote Sensing. Taipei, Taiwan,

R.O.C.

multispectral  1mages. Asian

31~

. David, P.

. Chen, J.M.

2000.  The

misregistration upon composited wide field of

Roy., impact of
view satellite data and implications for change
detection IEEE transaction on geoscience and
remote sensing, Vol. 38, No. 4, July pp.2017-
2032,

.Ford, G.E., and Zanelli, C.I., 1985. Analysis

and quantification of errors in the geometric
correction of satellite images. Photogrammetric
Engineering & Remote sensing, Vol.51, No.11,
November pp.1725-1734.

, 1996. Canopy Architecture and

Remote  Sensing of the Fraction of
Photosynthetically Active Radiation Absorbed
by Boreal Conifer Forests IEEE transaction on

geoscience and remote sensing, Vol. 34, No. 6.

.K.S. Cheng, C. Wei, S.C. Chang., 2004.

Locating Landslides Using Multi-temporal
Satellite Images. Advances In Space Research

33 (2004) 296-301.

WiEBE - REl9SE 2 H17H
EZHH-REISE 3 B8 H





