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Application of Satellite Images to Studying Correlation
between Landslides and Land Use in the Taipei

Metropolitan Area

Chih-Yung Lin®

Abstract

This research deals with the correlation between landslide hazards and land use
types in the Taipei metropolitan area, northern Taiwan. Research approach is mainly
use of Formosa Satellite images and land-use survey data in 2007. Satellite images
were collected in the winter of 2006, the summer of 2007 and the winter of 2007.
The NDVI were extracted from the images collected in the 2006 and 2007 winters.
In order to secure accuracy, misinterpreted landslide samples were deleted by
comparison with supervision classification images, cloud shapes and slope data.

With annual variation data available, this research proceeded in two directions.
One direction is environmental characteristics of landslides in the Taipei
metropolitan area: slope, elevation, aspect; the other is the correlation between
land-use types and landslides. Normalized statistical data show that most landslides
are in eastern, southeastern and southern aspects as well as in slopes I and slope 11
(0%-15% slope) with elevations below 500 meters. Five categories of land use, i.e.,
forestry, transportation, built areas, mining and natural land, are in close correlation
with landslides, while agriculture is not and this may be due to significant variation
in physical attributes and wide distribution of farming land.

In addition, analysis for smaller areas is based on government-defined four
clusters in terms of landslide risks. The research finds that built areas and
transportation facilities are obviously correlated with landslides in potential
landslide zones with mid-high, mid-low and low risks. The government should be
careful for land development in such landslide-correlated areas .

Keywords : Correlation test ~ Formosa Satellite Images ~ Hazard ~ Land

Conservation

# Graduate student, Department of Geography, National Taiwan University.
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# 2-1 Varnes Mass Movement 4 #f 4

Type of Movement Type of Material
Bedrock Engineering soil
Predominantly Predominantly
coarse fine
Falls Rock fall Debris fall . Earth fall
Topples Rock topple Debris slide . Earth topple
Slides Rotational rockslide Debris slide . Earth slide
translational
Lateral spreads Rock spread Debris spread . Earth spread
Flows Rock flow Debris flow Earth flow
(deep cregph (soil creep)
Complex Combination of two or more principal types of movement
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%022 PR e HHEBIE R
CMRAE|®F | WR R | W TE (inbr; ‘éi‘fly . L
iy dﬁ (Fall) | (Topple) | (Slide) (Spread) (Flow) (Creep) flow) erosion) (Solifluction) | (Complex)
Crozier, 1989 \% \% \Y \ \
Dikau, 1996 \Y V \Y \Y Vv
USGS, 2004 \Y V \Y \Y \Y \Y
Varnes, 1978 \ \Y \Y \ \ \Y
o /7’]‘ » 2008 Vv Vv Vv \Y V
k2 iEFEFER 2002 |V \Y/ \Y \Y
% 3% > 1990 v Y% Y%
% 7 & > 1987 \Y/ V \Y/ \Y \Y \Y \Y
& 2 4x< 0 1993 Vv Vv Vv Vv \Y V V
B &% 0 2000 \% \% \% \% \%
TR KR A R
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% 2-3 Hansen ,ri,%.fsp\ LA L TR

: Morphologi
Climat | Material Coherenc | Size O.f Type of Speed of Water/a | Triggering | cal
e of materia | Geology moveme | . . . . Comple
Author e moved material | 7) movement nt ir/ice mechanism | attributes % arou
G |6 8) (10) | (11b) (12aand group
(6b) (6b) ©) 12b)
Blong
(1973a,b) o+ 0x X oP
Coates
(1977) X ¥ ¥ : 4 A
Crozier
(1973) o X A
Hutchinson
(1968) X A
Ladd
(1935) X * A
Sharpe
(1938) X + X A
Varnes
(1978) X X ¥ ¥ P
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(F % 2-3)

Ward

(1945) * * X * A
Zaruba and

Mencl X X + + A
(1969)

x main factors + Secondary factors o Factors used in comparative classifications
P presence A absence  * bracketed numbers refer to list of basic discriminating factors
F# %R : Hansen, 1984
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2-1-2 F Finéhe KERY

WA RIREAFANLRAE TR D NRTR SR ET > g2
B Seifab ¢« B 3 7R ener %o 2R I 4 42 7 R (solifluction) st 32 e m
WERHREARGRA 3G AR I RN -FAREIHARR: TR e R
FRERRE AR T ERSE I G o p 2000 (SRR b B R SR
FLobTREUG I BRARY S P32 E? o AFIFRER
F & # A on(debris flow) 4 & 34 fL2 o gt oF AR AR 02 Rt AR W E
# % @ * mudflow ~ rocky mudflow ~ mud slide ~ earth flow% % — @ &_(Johnson,
1984 5 % 3% > 1990 5 +R2 £ - 2004) o & Fl4 FATiR * et FOR- 0 gk
¥ e g B (debris flow) Ik % > H 337 k3 F e ¥ 2 5+ 5 Hdebris flow—
PG RS AAE 0 2007) 0 Ft fe 2 fgavhitire® T3 g - @
2.4p # & n(debris flow) -

v

SR LA P RRERE A EER > Vo A B

N

GRS SRRy
@A L0 R b HRT A S TG FRR SRS T R
R AR R E R o oSk gt B B TR G - 2 AGE R R
Eens ol (Aa2mm) s R SR (TEEEA ) T L EA(PE
$501990); A F R Bt 2 AR - F P BEE s FE KT
FHE 0 gREE S Fr B Ep AR nT (H12-3) -

RLFEETY eI R aFAFE €3 % PP BRI RipEH
FHOA R L% D F AT S R 0L (B 2-3)(Johnson, 1984 ;5 i

F01998; A& % 2000)c 23t IR FlE A b T BN R G2 P

2 !
BB E A 0D 4 S M ble] 28 i
EARFIZ T e § 7 B0 By JRGwERBENF T2 B EL £

e A F L A S RGP T —g I B €2 gt E F # (Johnson,
1984) > § ficd F onBE A F]2TBLAEIE § (Mmass movement) o FX B i# e ot R @
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Fo8F HBRIFISIpfITHAIEY
@3k chi®® T+ p o & im‘ﬁ;%'lf%ﬁ‘; K( % 3% 1990) 5 P IR F]E (M3l

BOARTER) S PN F (G BT R4 2

w
bos ﬁ?ﬁi
.:*]
e
N
!
A
3 o
-
P
e
ut
e
W
e

A (e B RERE) BH ki
B AL > FRG A AR EATFL I B ERERF T b & R
CRRE T ERGER PORELEIERIER £ 2 F AL RV E R

FHEPAT AR R ARG HROLE R TR gy 2 A
B ER(GEE & 5 1993); 5 2 $c(1993) 77 01 3 f AR ML R F] o Ao
R R A FIR Y - BRI B AT (ks B ok B
DN éiyﬂlﬁ;ﬂ%r’éﬁ) P WA dEd A (ks BB Reff) =~ ®
PWEHES (B R mEF DSBS AR RO TR - T AL
BGEk ~ SRS S R U E R kAR A 2 TUHORRH 4 o
MGZER ML G~ =8 ~ARBR BR e ~fAsg eI 5
B~ BE s T LR TR G HISTH R o

Ra o 2RI B EHB L WML P 03 5 F S A LT
AR RIS R R A B E SR p AT R i {5 4] (Carrara,
1992;Crozier, 1986; Johnson, 1984; Varnes, 1958 ; # & ,T S ER 5 2008 ; i@
%3%>1990; +hE % > 2004 ; 5EF ¥ ~thE3 52004 3k 4 > 1992 ~ 1993
19955 2 3 > 1998 ; A& % > 2000) o 4 3+ 1 #* e FVEF A M e 4k ok
Mo APEOY S Bcp RBH P T RA RS o - k2B JIr A RERERFL 4
MO T FA AR R F AL A F AR MRRREY T

pa

e A E AT AEAUE AL SR TR M&#‘;&aiﬁ.ﬂﬁﬁt, AP ¥

Fraff s Fs Y g R LA BAG A RIIA R EE S H# ot
BABHIFE LI o R T R4 AL Fhy A LR A EES KB
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TSPl S Y gl = R S AP R SR P A

At o LA KA G Midde g % (4P % > 2006) o A B
Gyt MRS A B R - Qﬁ;ﬁﬂﬂ)\gg BEGEST c AR
TEFOREESHF s RFFLRFLFRENBE LT > TG F I F 54
NPt T EAE 2 F A 5 R R E 1997 % £ & ¢ 01998 ;

r L

MupEAE > 1996 5 ik B 0 1996 ; %25k & > 1996) o 3k £ & 14 PR < b B = fciE 2

BAY FRRERRE B AT R G e HNe A B REEFA

FARM AT 0 R R TR R EE A BPRTRAN T B T it

FRAIREAEPPERS S BEL GRFL T LS -

FOAREMORRERES RN FHIA MR T T o G LR

BRI R Y S g R EHES PR e R OB R
PR hE RERI O PLEERRY T EAMOREV IR LT - L2 5

AEGE R DI 5 PR g (2 56~ § 20 20055 H & 2 0 2006)
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FZ2% WERES FIREMEITERT 20
2-3-1 ¥ H 2
FALFEE PR IE N LAk Y g;ﬁ ¥ g4 % (unsupervised
classification) £z & -3¢ ¥ i~ % (supervised classification) » @ iz MRS P
SRR R SRR A H LR RPN L T R L A D

AR LA A R RE A AR AN R BT RS T g

=

,H-_ °

SRR R R A R s AH D IR EE RRE A
HEEEEE T o n ERSBAAFRFE e 2B RETAS 41 -
,ﬂUQW,W@AﬂT?AQJi%ﬁ#’*L%P ﬁug@ﬁ&ﬁ%

B A AT L o

SRR GAREY (58 a0

N
-
()
4
g
_§_
*mw
?
A
P
B
T,
:r
“'q.
ity

N % S A BHIEF > Kol 244

AU eRpR = = N
(CUL) HECL AR EETE 2 Tag wHk

TR kR AET A
W 2-4 AR5 A A AL )

Het Ty LT B KkREARGAEFL I A SRS CER
PR I SR I N e - R e S R . R S
ERHEURHRAEE AN SR RL A RN AMRAL R 2B EET
B R A o ST R AR RO 2L E A A4 (3 k= 0 2000) ©

URURE E1 ' 5 3 S 1 v e I R L S s R ESER L A L
2% (the maximum likelihood) ~ T {7 #% 4 #g (parallelepiped classification) ~ 2 &
‘e pEdt E (nearest distance) » § ¥ B X PEIE A sk B E S ARG K R Y

W E (% 0 2007 5 Fl & »,zmmoﬂ&ﬁpﬂ% '”“ﬁ*ﬁwfﬁw
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SN R R PRI R A T 0 B I A 1 MR E R A T

B4
2-3-2 WERGRET LT LR
ik B ij(Satellite images) ~ £ & § 7 Ir f#47 & 454 ¢ 3 & f#47 A& (Spacial

resolution) ~ P# & f247 & (Temperal resolution) % » 7 11 1 4538 * 47 F & & il

\v

BERl e Kerlexawmy ? o i{RFEIT LF L 2T ERGERIL PN
LAt end B d oo 2 Wi F Bk BB > 4 B RS Y
oo @ FEBGA L 2K FHE R H R e iE Pl 2% (Kerle and
van Wyk de Vries, 2001) -

K,lrt”l 7 e el B JE* > Nichol 2 Wong coF7 3 ¢ > % 7 o 3 F f247
B ek B 22 i SPOT 4o IKONOS 248 #3510 > # ] % % 4p i3 4 K 247 & o
SPOT it i o 8F » ¥ T RlX) 70% a3 ;[ R R BRI 3 247 R
1 IKONOS % » & 22 1 : 10000 R B2 Ty di ; A7 L B E A 7 F
T B 34T R Dl ek (7 3 e 0T P2 & 37 (Nichol and Wong, 2004) -

Karslia #2004 # 4 * % € p¥fF = & (multi-temporary scale) 4 47> 74 3
PORAIY - E R S K R AR ORI R FREE R Y ¢ A
MENGRE BT Rt R RR £ @G L GRTRT S
PR R BT M ERRE J‘—.pvfﬁ; O B o

AR BIETAFARGITE K SARY AARM O REBEBR R -

% (2006)3% i SPOT # s 47 %27 &+ % 122 35 ¥-(Normalized Difference
Vegetation Index : NDVI)& Ak & & B B % > % I & NDVI EA% My 5 HAA &
MLV AR L EFETL S FHRARA TR LR PR FE R
PRFERFREF Fenffer & d > AN LREEET 70 - JHEA 1)
* SPOT ~ IKONOS ~ MODIS = # # ff 4 % 33 % &k L L2 47 (B 2-5) 1 15 38
PO E T FER B HRARRGTE RS F 2o (3 A ~%3‘¢sﬁrm/ po
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http://en.wikipedia.org/wiki/Normalized_Difference_Vegetation_Index
http://en.wikipedia.org/wiki/Normalized_Difference_Vegetation_Index
http://en.wikipedia.org/wiki/Normalized_Difference_Vegetation_Index

2004) -

FOR KR ¢ A > 2004
Bl 25k Bk L KB HE £EEE T LF
RRRBRAHLP LRI FTRARAEN S FERGTG B EW
ERECID PP AP REE RS BFE BB LA RIS AL
EFEHBDHF o4 FHRNEFRER KT HERG UG FERRY - 2
T N 2 TR R AR BT R U EE R R

s s kB R AR A ARE G R RE A AT A A

)

PR EE > BHmAERE HiB 22 L2 SMET 43 (A% 0 2007) -

RETAEREBULGISE RS Bujidr » ¥ 58

& £ .y .
= *¢é:§rﬁ'ﬁmﬂ%é‘.w‘-

% 7
—H AP RFASE N PR AR APM RS ER RN G
HE LT R h et AR FERFSFEFEER AR 4T o
(Carrasco, Pedraza, Martin-Duque, Mattera, Sanz, and Bodogue, 2003; Delmonaco,
Leoni, Margottini, Puglisi, and Spizzichino, 2002) - p* *t jp B el T 5 «F’f{ iR
WAp I PTCE R R AT Y R U B A RTRT Y IR T g U
WL G TR EERB I GIS hE £ L 5§ ~ ¢ #(Carrara, 1992;

Wadge, 1988) -

21



d TR LT AR e g AR o HOR IR R AR e 4 AR R Y A
WA AF AR PR EAG AL B FAREANEL Y G TR
Fpt T - R TR AR AP A LT - BRRTE 0 AT
itz LA A chE e R AR AR Y chiEk B AT
FEH#BIMTR: " FA 2 EPHELRE LG I RBLIEIHARO
R b g ARG | 0 RR ALV EER ARG B T L AT 2 M
gL o
LTHEMEPFELPGARS T RIRE S A B RRBIF R - FATE R
BRF "2 FRERGFEY TEENT SO ESS S FE BT i
FAFRFTALELERRZREORBOT A ABE LTI Lhiow o
ASER LT AL S FRACDTM# F 22 8%) {7 URFAY
SEBEWRL R GEAFAREFREAFEESSLITRE -
BAE HBGYRTRY c pIHA T RWAHED D BTG FS
L2 TR et mF A AR RARE O PIFRNGFH B
BREFEE - Rl R emy P EML ) RATRET - AP S g

FERIEFAoFHGRE &~ 35182 ,1008) c 277 7 2Bl £ 8 h #B BB

\\é

TRGE TR AR B B e WA A G R SN A
RS TR E I LT R Y &N REE S

T3 N2 iR BE AT BT e
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FRETREIEP LT £
iy e
THET FEPGRMTEHFAT R d RS R RESEE T Y- 4
TANERR RS T RO BT A RB R (TR AL

Fid A AR npth o AL RA 1 2006 & £ 3 2007 & ¢ R R A i

BRA D P BEF VHEA(DTM)A F 447 2§ & ¢

o I B i g

Hd(Sites) % P o BB BIE Y S F Hen2007 BRI N AT HE- HHER

%.-«57\@. _'?‘]j‘,gcl?ﬁ‘;l B of ¥ J t\ml fF % l"”I% (Locauon), 0 %\'Iﬁiﬁ_} dj};'lf’ﬂl%

$ (LR 3-1) A7 iR B A BR B EBRERA CRSRE TS

el f,",‘ﬁ‘lr_,g',\j\x;ﬂiv PE A o

2006_~ 2007_&F

> B

2007_%&

B 31 777 sm
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FEFALMER(R L)X 28 Smik i T RS T RO &%

KPR RS HeT (M 3-2)

NS

Slmm A nE ] (58 e o B o
! HI TR S B R |

A Rty

IS :
gy ) oo

HEES SEHEERIEMESS BUERBIKET

FAKR AR

W 32 £ % %

BAKFY ﬁv@]ﬁ%@éﬁﬁ? FRELBENAFAY BER Ros BRI -
AHBBE AL FEBLFTLFAPMME T A7 2 LF AR Dl E LG - D
\ﬁ%ﬁ?ﬁﬂﬁﬁpfﬁﬁiﬁjﬁiﬁék—W%ﬁ%%%ﬁﬁﬁiﬁiﬂ
gk ? B KEE RS FAHES T A PFHRETEG - A
PR R e RV OCRFORE L H g 13T 2 Tk g Wk & 4P B
AFEG o FIMERF R T DOk R o K R Y oW AT RS
ERHr > a4 BEL FTAL L A U R H BT AL o Hk A g

FREI B LRl AT T AL P - BRA T A s g

BHcER AL (V- HEAHmTEEPN ML FSEEA REM o A
BERF LT RN B Y ) B et h (] 3-2) -
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YO8 FriEans
3-2-1 w3 7 i—* 3 # ¥ (Chi-Square Distribution)

AP P EFEET 2 P 2 R 2 (test of independence) > 3G W
1A s TR g 2005 #ig 5 cha I e T il gt 2 B onRd Bl

—

ﬁ,fgigi)g o pL 2R S E 2 N F 4Ly SR ~\~\,},l P O e BE ] 7R —F«,}i:‘

ey

FP ot Fp ) 2 B ehip BE & T

+ 2 % T Y B 2 (Hypothesis testing) » L & 135 W] TR e E
ALAAT s blde ARt Bl 3 FEATFREEFM G ENEE R
WA RTREBFEFFIM GE c IR SR ITI LTI R -
it & Rt T(goodnessof fit) : e T # B I F 5 F - HFE A2 2 -
Bz 4 2 (test of independence): Ak M FHc A F AP 2 2 kT2 2
= ~ - ik 2 (test of homogeneity) @ #& 27 F* 8 £ F L 5 4p e 04 fe 2l 4p
[ PR S SO

AT AU TRALI A SR T N A PR ILT
FRFAE FE T AR LT o RS R F(EE T ) Ep
I E e TR P Feafp 1 o

W iR T T ESER TS AR N e NG P A R T

(test of contingency table)

A B &3
Bl B2
A Al A b a+b
A2 C d
&3 a+c b+d N

B F ALY o S AR EP T S BREEH I AL
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f& o 5 P(AINBj)=P(Ai) - p(Bj)

P - EAEZREETE bR R TEEBERPE
(hypothesis test) ¥ 12 {8 Fogip] @ (5 3% )& * OFEHM L = f1* FiR)Z Fa
A B oo BT RIGE L U R BRK m & B3 Ho (null hypothesis) » B2k gRLiR] B 2
R84 F 4p e 14 2 B R EGR Hy (alternative hypothesis)geLip] 222 f8 4 # % b o
Epple* MF il 27 < RES RE R F 2 4Edn E Bd F R G
2EE A o

FAMP YR wm T RRFEF A oS EA NP Y EHL BN

4+ E s Ha N e o

_,tic*xz:;ea:sﬁf gt N GRBIE RS i BEEampsd o ns e 4o

dAFFTEINF B FH B RARPIEEZAMHME D EL R A

Bl o TR AP S WA T AR R R L RIS e A DR
O @O0 R X
olalo o0 eo0 @0 @00 O|B|lO @0
OC00LO0Oe0e0e000eod @0
O0000e0e0eOe el eo
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0O®000 @O0 [ Mol Mol Nol We
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B 3-3¢ 4 A-B-~C=#3 7k ¥ lz\‘:‘ o HE B9 A P IR
BEEF RG] R TH L HS R RIERIE S 2R A HS D AR S ’
KA 2 BBl v s BB TERRRELBLEY T EAF
PlElR g 4 3 % AR B Aa R s F 2 FRBIELY L ET 3 Hkdp
FI* RIEAPR M - S EHRDRFR TN AP LR RPRD e BFT )
FAMESFEL AR A S 1 ) MR R ot g
FETEHMP N B L N LR B kA M E T a Bl &
SRR AT VS FE A
3-2-1 Fiianfe

AU SRS S I Ry S N A
2007 & & A I B EFH(PARIEIRIE Y o AABE LA RE)

e R & R (2007)i B YS - LG R 2 B 7 4L(2006 £ %-2007 %)) % i

FEB G AT RO E TR SRR A AL (AR S MR S
BRFALEEFRABAN . AL OB 4w L F SRR R
(geometrics correction) & f& = if & S8 5 F ARk S(TWDO7)» gt 284 F L e

WERFL ZEEFT % TP RAS 2 & TR Il - &b iEAT e
FEAS A TS AR S R oF L sl SRR A SRR

P RT > PE2007 £ F AR EME HTHRLSFFR A A iERT
Ty Bl A EL AR TR VR AT Y 2 2 ARG AL AR R
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