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Guest editor's preface to the special issue on Natural Hazards
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Application of Satellite Images and DEM for the Hazard
Assessment of Landslide Dams

Jia-Jyun Dong ' Yuei-An Liou® L-Y Chang®  Chyi-TyiLee* Jyh-Jong Liao’

Yii-Wen Pan >

ABSTRACT

After the formation of a landslide dam, the related impacts can be divided into upstream (rising
backwater) and down stream (dam breaching with outburst flood and debris flow) components.
Since both components may occur soon after the landslide dams the river, rapid assessment of the
related hazards is crucial. Remote sensing technology could play a key role for decision-making to
prevent or minimize the disaster due to a landslide dam. This research proposed a procedure utilizing
the satellite images, DEM, and GIS system to quickly assess the potential hazards associated with the
formation of landslide dams. To begin with, the location of the landslide dam should be identified
from the satellite images. Secondly, the elevation of the landslide-dam top, dam geometry, and
catchment area should be determined based on the satellite images and DEM. It follows a production
of the water level-lake storage curve of the natural lake. Different periods of the satellite image could
be used for monitoring the buildup of the backwater. Consequently, the inflow could be estimated
using the water level-lake storage curve and the monitored water level. Based on the estimated inflow,
the time for overtopping and the flooding area of the backwater could be determined. Meanwhile,
the stability of landslide dam could be evaluated using the geo-morphological and hydro-geological
characteristics estimated from the satellite images and DEM. A large landslide dam formed after the
2008 Wenchuan Earthquake is adopted as an example for demonstrating the hazard assessment
procedure. The case history successfully illustrated how the high-resolution FORMOSAT-2 satellite
images and the DEM derived from Shuttle Radar Topographic Mission (SRTM) could be efficiently
served as the powerful tools to provide important information for decision making on the action of
hazard mitigation soon after the formation of a landslide dam.

Keywords: Landslide dam, Water-level monitoring, Overtopping, Dam stability
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Analysis of Landslide Behavior after 1999 Chi-Chi
Earthquake by SPOT Satellite Images

K.J.Shou C.C.Wu? H.Y.Hsu?

ABSTRACT

Due to the impact of 1999 Chi-Chi Earthquake (MW=7.6), the geology in Taiwan area was more
fractured and a tremendous amount of landslides were induced. After 1999, the unusual typhoon
events cause the primary and secondary landslide hazard more severe. This study aims to study the
landslide hazard by the SPOT satellite images, focusing on the behavior of the primary and secondary
landslide hazards after 1999. In order to obtain the landslide distributions efficiently, this study
adopted an NDVI-Slope criterion in the GIS image interpretation. Since this criterion could be affected
by local topography ore geology, it could be necessary to adopt different criterion for different
catchment or sub-catchment. In this study, the Wu His catchment in Central Taiwan was adopted as
study area, the landslides induced by three typhoon events, i.e., Herb (1996), Toraji (2001) and
Mindulle (2004), were analyzed. In order to obtain an optimal criterion, the analysis of Receiver
Operating Characteristic Curve was used. The results showed good interpretation by using the
criterion 0.1 of NDVI and 40% of slope in Wu His catchment, for the whole catchment and for its
sub-catchments.

The landslides distributions showed that significantly more landslides were induced near the
Chelungpu Fault by the 2001 Toraji Typhoon. In addition, more landslides were found in the upstream
Peikang River sub-catchment, due to the distribution of heavy rainfall. However, less landslides were
induced by 2004 Mindulle Typhoon in the Peikang River area, since the heavy rainfall is distributed in
the northwestern side of the catchment. The results reveal that the self-healing effect is undergoing,
but subsequent typhoon events could still cause above-normal landslides. However, the impact of
landslide will decay away gradually.

Keywords: SPOT, NDVI-Slope Criterion, ROC Curve, Wu Hsi, 1999 Chi-Chi earthquake.
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Applying Object-Oriented Analysis to Segmentation and
Classification of Landslide and Artificial Facilities with
Remote Sensing Images

Wei-Kai Huang " Ming-Lang Lin 2 Liang-Chien Chen > Yen-Hsiang Lin *  Cheng-Yang Hsiao *

ABSTRACT

In this study, object-oriented analysis method was applied to interpret landslide and flood
disasters before and after Typhoon Morakot with remote sensing images. It is shown that remote
sensing images in wide area can be recognized quickly using this method. Two images before and after
the disaster were homogeneously segmented to generate the same blocks in order to solve the
boundary problem in feature classification. Based on the rules of artificial interpretation, proper
information (ex. spectral values, slopes...etc.) was added to construct hierarchical logic, classifying 14
different kinds of features. The classification results are double checked with aerial photographs and
field investigation. The overall accuracy of final training outcome based on the error matrix
assessment is about 83.3%. The results show that the landslide ratio increased from 1.5% to 10.5%,
blocks features of river channel increased 307 sites, area ratio increasing to 32% compared with the
original river channel area, 26% of the developed lands were affected, 26% ( 1179 sites ) of the houses

were affected, 18% (2281 sites) of the roads were affected .

Keywords: Typhoon Morakot, object-oriented, segmentation, classification, nearest neighbor method,
image difference, landslide, artificial facilities.
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Assess Eco-environmental Vulnerability of Debris Disaster
Areas in Taitung County

Kuei-Chia Chen® Shou-TsungWu? Chaur-Tzuhn Chen *

ABSTRACT

Among the watersheds in Taitung County, the river watersheds of Zhiben and Taimali are more
serious natural disaster areas on typhoon Morakot, in which landslide is the most serious type of
sediment disasters in those watersheds. The purpose of this study was to develop a model of
eco-environmental vulnerability for the landslide disaster watershed. First, we used the factor analysis
to get the weights of landslide causing impact factors. After this, we used environmental vulnerability
index (EVI) to assess the eco-environmental vulnerable area of watershed. We also created the
assessment model of vegetation recovery that was based on the natural potential environmental factors
and the protected object factors. Finally, we used the disasters areas which Morakot created to confirm
the frailty region the accuracy. The results indicated that not only landslide occurred was base on the
watershed environment at factors, the impact of human activity was also an important factor in these
two watersheds. In vulnerability of this study indicated that the landslides were located in high-risk
and high-vulnerability areas. Especially, Taimali river watershed was the gravest, and there was
41.35% of landslide belonging extreme level. According to the landslide vegetation recovery
assessment model, the First Score (FS) was know that landslide of Taimali river watershed is
necessary to give the precedence action. This research can give the guideline of vegetation recovery in
future.

Keywords: Eco-environmental vulnerability, Debris Disaster, Vegetation recovery assessment,
Watershed, Typhoon Morakot
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Monitoring in Land Surface Changes by Satellite Images

Hsiao-Yuan Yin' Long-Shin Liang>* Kun-Shan Chen® Peggy Huang *

ABSTRACT

Land surface changes are generally due to natural or human forces. For example, coastal changes,
landslide, mudslide, and floods are all triggered by natural forces. While over-developed and illegally
waste dumping in slopeland are owing to man-made impacts. Remote sensing as a powerful tool for
change detection of wide area land surface can supply fast and accurate processing and analysis. This
paper gives an overview about applications of satellite image, including change monitoring of
slopeland, landslide analysis, acquiring of surface deformation, and change detection of waterline in
west Taiwan. Application of remote science and technology in management and monitoring, including
slopeland monitoring and landslide analysis, has been proceeding since 1995 by Water and Soil
Conservation Bureau of the Council of Agriculture. These works are all the resources of government’s
administration in precaution against natural calamities.
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Automatic Rainfall-induced Landslide Interpretation and
Features Analysis

K.T. Chang'" C.S.Kao? Z.Y.Wang? JK.Liu’

ABSTRACT

Taiwan is located in the northwest Pacific, in a major migration path of typhoons. There are about
3-4 typhoons likely to hit the Taiwan area in average annually. Strong winds and heavy rains are
accompanied with typhoons, thus, usually leading to a result of floods and landslide hazards. Not
only human lives are seriously threatened, but also social and economic losses might be imposed. It
is estimated that the economic loss is about six billion US dollars in every year due to typhoon.
Landslide inventory used to be done by manual judgement of experienced geologists. It is a time
consuming and labour-intensive job, to lead making effective disaster assessment and recovery plans
impossible. And let large-scale disaster investigation can not proceed smoothly due to blocked by
mountains or post-disaster factors such as road disruption. Therefore, how to enhance the automation
and its performance of landslide inventory is an important research topic.

Multi-source high-resolution data, e.g. a SPOT satellite image, Sm x 5m DTM reduced from a
LIDAR data and aerial orthophotos, are fused to construct the feature space for landslides analysis in
this paper. Then, those spectral and geomorphometric features are used to recognize landslides by a
Maximum Likelihood (ML) method, an Artificial Neural Network (ANN) method and a Supported

Vector Machine (SVM) method. The classification results are evaluated in comparison with those
of manual-interpretation. Moreover, the separability analysis for the used features on rainfall-induced
landslide interpretation is also provided.

The separability analysis result indicates that slope is an important factor to distinguish the
landslide and other classes. In this case study, the recognition accuracy for landslides and
non-landslides for the BPNN and SVM method are better than the ones for the ML method. Moreover,
slope is a significant interpretation key for landslides recognition. Due to mixed pixel effect
(resolution of this experimental data is 20m) and the effect of different sampling rates, the
characteristics and assessment for the conducted methods is worth further study and analysis.

Keywords: Rainfall-induced Landslides, satellite image, airborne LIDAR, Artificial Neural
Networks, support vector machine.
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A Study on the Topographic Changes Using Ground-based
3D Laser Data

Kuo-Hsin Hsiao " Jin-King Liu? Yi-Hsing Tseng® Chin-Lun Wang *

ABSTRACT

Ground-based 3D laser data are used in this study for the estimation of riverbed topographic
change. A point-cloud of high precision and high density can be obtained in a few minutes for the
sensitive riverbed areas. With a limited control survey of precise targets using GPS and total stations,
multiple scans of ground-based LiDAR can be registered together to form one cohesive 3D model.
And, thus, different periods of topographic data are overlaid for estimating the changes of the target
areas. Two cases are practiced in this study. In the first case, the scoured riverbed on Zu-Zi-Jiao-Keng
stream, a branch of Cho-Shui river in Nan-Tou County was scanned before and after typhoon Mindulle
on 2 June 2004, with a total of 15 scans in 5 stations by using ILRIS-3D laser scanner. Subsequently,
they were registered and joined and re-sampled to a 20 cm grid. The second case is located in
San-Boo-Keng upstream. It is found that in the first case that maximum erosion height of riverbed
changes was between 5~10 m. In the second case, the average height of silted-up is about 5~10 m. The
effectiveness of applying 3D laser scanning is proved in this study.

Keywords: Landslides, Digital Elevation Model (DEM), Ground-based 3D Laser Scanner.

I . . .
Researcher, Green Energy and Environment Research Laboratories, Industrial Received Date: May. 03,2010
Technology Research Institute Revised Date: Jun. 18, 2010

2 Senior Researcher, GEL, ITRI Accepted Date: Jul. 12, 2010

3 Professor, Department of Geomatics. National Chung Kung University
* Director, Division of Slopeland Conservation and Utilization, Soil and Water Conservation Bureau, COA
" Corresponding Author, Phone: 886-3-5918587, E-mail: hks@jtri.org.tw






MARERET £+hs F1H Fi1-1228 REVFEIA

Journal of Photogrammetry and Remote Sensing
Volume 15, No.1, March 2010, pp. 111-122

$ESZoH, LiDAR Ed

ek " BWEE

BRE 2

111

ERR. EMIREARIRARIRILTTF

REL' =EEB'

$3

B 2

i’r}ﬁ?{mf

e Hﬂﬁiﬁf@kﬁ&ﬁl_ﬁﬂ A prEs e ﬁfj;kgﬁ%guﬁ% 0 F|[E] 2 it ?gﬂ_, Y~

AT o % T 2R TR AL Y R EOR) o B[R SRR A S A R

B

"% (Roughness) i CAHIFIARR! - T3 T FJR] it b lﬁ”%ﬁaqﬁsw«lﬂfiﬁ
e o it E S (ST Sy B O f ¢ SRR B o A RO R AR S R
RS A T L i R TR U e B

FI(DEM)Z=RE A MATI(DSM) » FAE ETE P AL (OHM)ZE I R0 9 - sl 5 B9

[/F[F)E%:ll |
[RREs:
DR CE ek E ULSTIE

R R IR R ﬁ;fﬁgglgtﬁi%u%@?@ﬁﬂ: L B g

FAHEET : BHIBIL - BUBESESER -

1. BIS

{ RG] 27.31210] PAIS(RES 100~1,000
SYREE46.01%019) [k 97T 1,000 22N )
BRI TR
FZs 4 M T Jr:;ﬁc[;km 3 2,500
V4 ,ﬂy%1%a&’ﬁnﬁaw1jw%%%
S5 - B R D B Eﬁﬁ] PLEEAT 4 T 7|E[Eiﬁﬂ °
U R S P [ B OB R S SRR
T T e - R R 5
W*?I?E B IR [ 5 TSR Ry
e S S PR < [ A R
R PSR IR T - IR (SR
%‘?ﬁj‘ﬂlﬂ » [ D f"?l%ﬁ[

@;ﬁgqulgjiﬁﬁfﬁmu VRIS i kA
A~ IR 5 (EE 91 e S
RES BTk » B0 |8 R o BTV I LB
HEORRIE VR RESRRB IR R ey i
S T AR (SRR R TR
B~ B DA R 2
1;%&%Fihfufﬁ9piT 71 R

RIS RHEAIRL L
31 iﬁmﬂfrmmtﬁﬁ?ﬁﬂ’“ “ LAY R

CRA Gk fdle K
i T, T 886-3-5915468, E-mail: cclau@itri.org.tw

ZEEOCE

It 53 1 o SR B B2 S P Y

Sl o PRI GV BETRIRY i o (RPN 2 e e
“J3(Spatial resolutlon)ﬂiﬁ‘ [ BT fﬁﬂlﬁﬁh fup
YA B GRS 2003) < 9712 7
,ﬁjﬂﬁ(Ground -based 3D laser scanning):!’® JE{JFN

BSENIE ~ ks e iy TV BT RR PV IR [
“Wﬂ%ﬁ%ﬁﬂ J#F PRI RS T

R ?ﬁ}“{ug P ﬁr’gﬁﬂjmﬁ:u FiIELT
F?%@&QEU%EW®ﬁH 2005) -
EVFjijpv 2 805k & (Light Detecting And Ranging,
LiDAR)HE = (50 o =1 [0 B
AR BT BR s o S0 A A (=
Tt T RS o i G
E'”F'l*ﬁ”gﬂ oo B I
(Point clouds)e¥f] » [iel ", DGPS 3% 55 6k 1 fef ikt
#jfi % 7# (Inertial Navigation System ; INS) » i ﬁ'%ﬁ‘&'
FYI SIS Sl 2 R
> 2005) = i f%'z,%@ﬂﬁrﬁﬁ}zﬁfﬂ/ o T
PRI S R Or

Hhoo

~

JeF p AR 99 & 052 13 p
ieop HAE 99 & 06 2 21 p
EXpH AR £ 07 % 28 p



112 AR E R

A PRIy = SRS 1)
W B RIS FRHE 4 AR i A T
2 RER YT 2V o T FUES (R RS ER
SEE B TR (52 ol E VT B R T A
pyﬂ [ty T IS PIRIE B o [ A P
912 I HLH PP ST gl A R “Jﬂ“ﬁifé
%@l SRy 'J?E{ﬂf@%piﬁﬁ T B
Bl P B PR R T 1S e
B D o Pl ) 7 [ SR - )
HAH AR R B AP AR 5547 ¥ R B
VI HR TR ARl « (i £ pielA]
R P53 B Y A BRI i

T £+0hE F1H RHVWE3A

3‘ RS o pTURS R [ (EHESR R
(Omlsswn)ﬁ‘/ 52| (Commission)f V2 44 » FA Wkr%}*
FF SRS RS RS iéﬁgﬁm HEEH * )
%ﬁﬂy*r;[rfg [‘*jl E A I/gigiﬁ,”ﬂ JEERR

[ 1 EB7 9T E']aﬁ”’ﬂﬁifjiﬁﬁ__fjfﬁ’%ﬁ%p[
Eﬁﬁjﬁﬁﬂﬁ SUE o R [T S EY )
FOTFL o B (T | ORI B TR )
EHRT [ 4 TR B R PR JFIJE[EF%
rxr, oy R pﬂf‘ﬁﬁia@&l R 2 gy
A S B AR R T 5 i FA LEgERSN A
PRI R LA TR PRRELUE I - L 1 3
P AR IR 1 A

BT SFRY (5 e F VB [ BRI 1 1R A
ERW IR
%P ES P oo

SRITAH ;ﬁijﬁfpfﬁijg%g\%é : FEEPNFE G ERS DSM & DEM F#

A el e
3l AN Ly - iiﬂ;‘f;’{m” B F TR R AR I GRS R B
57 BT i g Z ?El\;::ﬁ}iw MEHR A AR T E
ALEP | HBPR ;‘%i’%éﬂ;:ffﬁﬁ;;/jfffi«f"rﬁﬁi;&v_ﬁb}
S S R s e

(R EE il



o  BEE  HRA  ES - RER - TEHE © 155Z5F) L iDAR BB eMigERIR ST 113

2. AFEBEN

YI:FJJMHH:LE[FIFE F]E[” §L¢qﬁ'|ﬁ'%gb
9622-1-094 = 9622-1-095 ﬁJlEﬁi@‘c%‘éFfﬁIﬁEHﬁfﬁ
TPARRIRS > PGB b (PR T
HIE W DRRL (GRS » 2007) = B Iffe |y
LIRS cu;fgirgwu P Erl“%éc VR R
SRR R 2005 12 F] 16 |1 RiEETE
B 2N 1.6 B REN I A
P05 i B 2 DSM 22 DEM #9751 »2005) «
D! 2(2)~[ 2(c) FRHI#E 9622-1-094 44 3 DSM
PF ~ DEM 0 ~ F[[2| DSM Y& DEM & ]
OHM E¥RI I o B (™) i 2 I JLp vA975 5
%ﬁ%%ﬂ%%ﬂ%ﬂﬂﬁﬁﬁw3ﬁg%$%
FEk FOER RS 2004 911 K[ ke
59 1:14,000 > av;?ﬁﬁ*@rl STEA T R 5 (i 20 o
PSRRI B oy TR i BT 2
FUIE"E(Ground Sampling Distance, GSD)£% 50 *
53 R 2(d)F

3. AEISEIBERFITDIA
3.1 BaNbrriEt (=l

McKean and Roering (2004) ff{,” | A E A

OB RESTHE] - A §E5|= SRR
Laplacian == Power Spectra & 77 Fr/&IVE R B7E -

] ﬂ]‘ '] Ko Y % i B i (Surface
Morphology) ; Hﬁ;}q[%%ﬁ/% ST e i
SR B BRSS9 )
ﬁﬂ [EIE i ”Eiljﬁf HRNEE S 0E ) %ﬁfu Glenn et
al. (2006) PIF(I=] fyfeterd et R » 534y
AP - B~ U BRI R
SRR T L R Y T IR G
BB FL 155 (1) DSM 22 DEM # ffi
HEV £ Ff}ﬂgwﬁ ) El[#‘j‘.’[ﬂﬁ A 5L ] (Object
Height Model, OHM) J[1I" |5 £ F#[OHM fill £ %‘Eﬁ
A T PP R [ A A
= Frl l;fﬁﬁga uf&:{ﬂﬁ nr‘jﬁ;j%l_qr, vl [
|E‘?E[JOHM IR L] fln el > it (B8] R e
E:,g E R e RS Flﬁfl?[ﬁlri,l[ I/jﬁ{*lrjr ,/E{ﬁj' VR
F 4% (Roughness) iy 44 ?ﬁ‘ % (Homogenelty)jf’F',?F%?
i ER R (R -

OHM = DSM - DEM (1)

Al (2 AR SRR [ 7 H R R T
\Eﬂﬁ\ﬂj: IR fﬁ%ﬁﬁﬁ_@?ﬁ@ ~ PUT I R ?ﬁg\f
I'J% OHM Sy [~ Lol I | -1 ity
'SR O i T (Hsiao et al., 2009) -

FUH [FAHIREN T Raster F‘?\‘é,@fii#ﬁ}, Vector ;fﬁ/:h‘ ,
‘J%wﬁk%iﬁkmu,@ﬂwﬁﬁam%

SYIfIEITRR > AR -

(a) DSM (b) DEM

(c)¥ ¥ % A #-3]1(OHM)

(d) ¢ wupe

A 2 W46 DSM ~ DEM ~ Sy L b 5 1




114 AR E

3. 1.1 HaRABHSE

(Standard Deviation)if Eh 39 B 5 650 BER Y
R g 5 F|7] DSM ¥ DEM B %]f19 OHM 3%
HRRE VT -

3. 1. 2 HIRZIRE

BT ORGSR T
SRS SRRy (AT i 20 7% o ()
(FAPEITT - 4 s A TR G EPIR L) «
I PRl s A A DEM el Frgt BT 9 b
G RLEL I - MR - e
FIFrES

Z=f(X, Y) (2)
Hp R, O R R R Y %
slope = tan™ (,/fx2 + 7 ) 3)

GZ aZ
Hijre fo= S =
- B %‘rﬁ{ﬁ?‘ [V DEM Ff ETE9Y 3608 pla )ik »

RLP 3RS0 3 x 3 50 9 TR
REET O 3 A

Z: | zs | Z
Zo | Zs | Zs
Z | 7, | Z

qg!ll 3 3x3 ?ﬁﬁ%ﬁﬁq%?{_ﬂﬂ@ = ﬁlﬁ%‘[[

B G 3 % 3 SR 7
*‘Bﬁf/ﬁq QE_IJ*IH*E% T BTR VTR T
it ZEEH IFLF‘/% & VT RN 5 PIPF P Y
1 Canny 35K AR 12 - T Bt
fi JF P EE" DEM 2273 hZ(Convolution)Ff T -

AR a4 ] 2% ffi(Gradient) § [~ AE(x, y)fvs
B BT £ (7 (- 500 M (B 05
W iﬁ@gﬁl’h‘ﬁj«[\J%ﬁfjﬁﬁ%ﬁ*(f’afkeﬂ 1997) - 9]

BB E+hE 18 RENVEFIA

D= RER SRR @) > — ST S) - ]y
oK DEM A5 B x [ y 4 plps- s
(e (B BZFE R > F] Q)RR G
LR o HIE @) TR RV AR ORI
E‘@‘E[I%M[I’;Ellg’!‘ﬂlr‘f 1 Hefli&se] amﬁ‘” PRt~
FURGTEIZEES ] [0y st el F 3o
T PR e I PAREER S B E R
Fho pE ﬁ'éﬁﬁjpgj&-@\l ?ﬁﬁm%ﬁ o ﬂ. g“jtj\ ﬁ gjzﬁ’;
Eﬁgil‘ﬁij:h Fl jgﬂ;g[‘ﬁdjﬂ/ﬁ F' E”{Z, l—if’:I }F'J FIFJ
febBese 2 23 MLV R (1% BRI T IR
R SRR ] 2 T R PR WFM

f(x)=e (4)

2

fo=f(x)= (—%J e(zJ 5)

BRI PR R B AT RIS s (e 5
El‘fé ST ﬁr‘ﬁ{*lﬂ » BTV S xS AR R

» PR g 0.8 %ﬂﬁé[‘ﬁw Vi X
[ (= O 4 ARl o Y [ 1
BG X (=7 VI (RS ;,5 » 2005) ©

0.137 0.715 0.000 -0.715 -0.137
0.137 0.715 0.000 -0.715 -0.137
0.137 0.715 0.000 -0.715 -0.137
0.137 0.715 0.000 -0.715 -0.137
0.137 0.715 0.000 -0.715 -0.137

A4S x SRR RTRIEE X . # =

3. 1. 3 JREEDHT

PR IR IR R S
S [kt ?J[@eﬁuu&%ﬁ% U (R A S G
ailsial el iNges U IEEA T o

U9 A IR » IR NDVI Brstp
6) - IEJ _x‘ia‘{‘_ETNDVI }J’Ig(ﬁfﬁ IEIFI ]EI N Eﬁ"){i“[ tx/'ﬁl

R U%#’J 5t (Reflectance) » [AIF=ZF14 < gk
RSO T (0 1S 7 e ok




o  HEE  HRA - FEE - RER « BB © 15553 L iDAR B eiidfERIRaEhiA 115

PRERe ~ AR E o RS RS
EIE(Galn) YPr=SIT s S RS B ™ T
(P TS SRRt B = SR i (et
F{hejxi’ﬁ VB — HR R TEH%‘}J\?TH‘“ Pl
TET (e HE] NDVI ﬁﬁﬁ\?%lﬂr"ﬁ,[aﬁﬁﬁuﬁ b
M 25 Al 7 AR B OSSR R (o
b 5 2005) ©

Npyp = MRZR ©)

NIR + R

R: AT RSB )
FRY i -

(ELLA A 2 fige EJ;P“IE. '"‘m fL% 7 RGB %
IR {0 ST 9T A (Near-IR, NIRYWVFE i 77| »
PP B 5 BT NDVI ?ﬁg‘@f‘,ér’ F’?p HIF R
LA LS A = i e G BT A, T"IEV(*“ 7) o
[R5 AT P T
FUAFISEPAR LA o

s D NIR: S5 9

G-R

Greeness = @)
G+R

R R RAWESRY il 5 Gr Aok PRERY

.
T @' °

HGEE 25(6) W (7) NDVI RS 5t fif o

SR A BV R i TR E b

i?‘lVﬁE'FE?lfF PRIk o B s fik = fﬁj?ﬁﬁiﬁl’lﬁ‘l}h
BT o QIR Pt R AR ATISEED > R AR
AR D o SEERL T = EVRLEREY o B DR 5(a)
LRI T3 R BRGS0 - [
SO)ELIR] OHM w¥g[ o i Py I B, (159
Z) o [T OHM ] =IRE [R5k » Al e
PRI VAR o i S(ofIEL AR ] DEM
CORIFF T B R

3.2 FBENLARIEIESA

BEHS F VB {5 (R o ] T oS Ve
fiesst i F A F[«E}F” FES A TR S RS
B E R o 4 PR R P A R
B RIS B P [T
U S 2 LSRR 50 B A A A
PR S BT SRR < RS f
2R ﬁ?‘ﬁgﬁé[tn P R LB = 5
PURETBIBY 7o [ T R > i)

MG BRI ) {12 AP Y <% (Region Growing)

P (IR~ R R puﬁﬁbiﬁclgﬁﬁu
SRR TR [ - l_‘_"l‘;:l;lgig{]]‘:—:rl‘« A

I 6 B -

1.0
08
06
04
02
00
02
04
06
08
1.0

() B B 1

@H%ﬁﬁﬁ‘

100

(C)& 253 B

[fS HLA [ 9622-1-094 [ 7E ~ PIRATBTE o )

LR




116 MBIRE
¥ 5% A
Fo Ak R (OHM)

\4

BB E+hE 18 RENVEFIA

i
o

A

3 E

1A 21 ghE L g+ 2
BB INE B MR B

L | e Brei

400z BEERLF PR

T B £ 2L
LR

d o

6 7 £ B S

4. FRIBIBEAFIRRER

4. 1 BRI FEERIRIT Rt DT

= e z(c)gquﬂ 2Ad) OHME—E%E‘FEHSI * &l
L ST HE Y PRt > B B

Mg %e,_ : kfﬁ,jﬁa%f{ 55 2 fga‘lﬁuﬁm@
I SRS SR (] - 7 B i
S S pﬁiﬂgiﬁw‘*‘j R i [%Al*
WSt @Jt@%@ BT P G B SR i 55 A
R~ BT %ﬁ[”iﬁl' I YA R %‘f}y{

BV SR 2 B R AR D O g 4.2

‘E‘U’FE'TP*E‘T B IR PR 1 RS Bt T
959% 57 1 1 VB B 1 7 5 GRS 5d
2005) -

l]{%‘[[ 7(a) £ HY I VAR ﬁ?ﬁﬁ%ﬁ'? B3]
(Cumulative Probability Distribution, CPD)&%‘H ] Ellﬁéﬂ'
IR B 2 1 R 5T 57975-0.1~0.8 W fif] » 1

IfEIET 0.3 5 H R SR G A 4 AR

{5 T P

S RS AR R b “Eﬁ'ﬁf‘?’ﬁ} il
HIEENE R 95%zﬁlJHEfﬁ1*‘jﬂ€'x@—d,i 055 1) - [l
7(b) KIS AR 53 T RS B S 7 -
ik il “*‘i@ﬁﬁ AT 1) 9526k
B 5 8 T b o [ 7o) EAR R PSR B
53 T RS EJ%?; 11 BT 95961 Hpf it
B e 11 2R o [ T(d) AR B
53 I ARSI A3 ) F PRI O 1 95 261K
iﬂ%pﬁ%#’aﬁrﬁh‘i 11 R ,EI[J!]‘{‘LFHI’@ﬁIE{I'F{J ,
F .“itlziﬂ%qgt,lfﬁ[lf}wl AT SRR

BREDHT

PRI R T 7 [ ]
PR 959 (5 Bh PTG S F A 1 2 WL
F PO TR - DEM == DSM > 31 F I [~ i
B ()RR o B DA AR P ¥k <0.55 »
B >8 1 s OHM<11 Rl FERFE <11 7Y ROF|H]
P EVRRE S FE AT SR TR 91.86%
T 1T, 8.14% > EF T 96.80% o



FE  FEE RS - SE

AT A R TE"E i Ty
$H95%; P Wclsv@‘\fl_ﬁf% i J%,JE 2,
JE0T 12 TRPEIER AR N YO 2 B o EL 'ifﬂ 1~3
FRETR ] 4~6 ELEPSEIAE R > 4
7~9 £ P &@#ﬁfﬁc'ﬂ Hf# 52 R 10~12

EIUE?’ l:/\llﬂliﬁ@u l:[%J VF'F% |1 =2 EU
RSB  8 ESEEY 12 R G

PR ER] (B 1B R S TSR [ A
IFfRTE FIVR SRR G 258 % RIS RS- I
4 Jﬂf[u Iiﬁofkiﬁﬁ%ﬁgﬁﬁ-ﬂu[@ Y TE o
PIFE R HERp T H = UF]%E‘J%’?%’IEI”J{
HERG F?J’f [ 5 fd ILEZW?"”lFJ,E‘f - L R L 2R Y
inﬁfﬁgmﬁw 'ng[HFJHIF‘H“gg&pJ%l%J P =
SRS SleESRlIL CE TN S P AT
ryeé"Iﬂv%J“iﬂ“ H AR o [ F I
HR S TSR TR 7okl “@ Jﬁ#ﬁ‘f{é@ﬁfﬂ?}%ﬂ I

T REE  FEHE ¢ 1EEZ5H L iDAR ES M ERIER AR Bt 117

I (A0 © 0 ARMSAOT (R R b s
b PRI I = S S
P 208 R A ) A [P B
DA R 1JfFJ§l (= E SRR E‘rﬂg‘/['rL—

FIOFEHRFACRLT ) i t"ﬂm‘r I#Lgﬁu
a5 L (R TETREY > PIIE= (RS 4 “{E%i T
M Hﬁﬁo:oﬂ U B B R
(Morphology) NGl alE 1t R
FY R Y R N - 2 S O PR TR ]
AV B o

i T S 58 £ AR ST S
P I%_‘L‘H I'JRE ™ #92: (Ground Truth)[f gt e8] -
B2 SRS ] (TR 5T > JpE 9
AR TR R T W e R AR
T 2 TR R N o R TR
RN B ALY e B T D | e e -

900 100
800 /ﬁ E]
700 &
600 ?/ \1/ 170
500 \ 1o
o f f A E
AR [ o
200 / \ ‘"
200
100 /'/ /

‘*‘"\.\ :20

—+— Slope —&— CFD

180 100

160 A {0
140 f V’W A‘f 120
120 /“ L‘[‘K 1 70
100 } IPN \ 10
o [ £ ¥ l ]
3 AL X&
N Lo, e S 1"

———————————————

(b)b B & F 352 % 44 A % F

1400 W 100
1200 '\ ‘//“_‘,— 1 90

- 80
1000 \ / = 70
300 4 60

3000 100
5 + W zg
2000 )\(([ 170

1 60
V 4 50 1500 50
B0 /n\ =) \ q 40
400 4 30 Lood l .
500 \\ ] @ 500 q <0
M = s
T T R Ol A Om'\:}'?ﬁl‘; o oo omo% v omowog
(C)¥ #AntE R & F ITRBE 4~ (D) 43 B~ FITREE R f AT B
A7 BRI A~ B - SRR IR ) TS B




118 MARENST] F+AE F18 EFYVFIA
32 R KRB = s T R e
% B 1 2 3 4 5 6 7 8 9 10 11 12
¥R < 0.4 0.3 0.2 0.4 0.3 0.2 1 1 1 0.2 0.2 0.2
WA (R)> 8 | 8 | 8 | 8| 8 | 8 | 8| 8|8 |8 |12]3
OHM (= ®)< 11 11 11 11 11 11 11 11 11 2 2 5
AR (2 )< 11 11 11 800 | 800 | 800 11 5 2 2 2 5
PA # é_’%’fﬁ:}i(%) 93.0%89.7%80.5%95.2%|91.8%|81.9%(93.1%80.3%|63.2%57.9%|56.1%|71.8%
OE B354 (%) 7.0% [10.3%(19.5%| 4.8% | 8.2% |18.1%| 6.9% [19.7%|36.8%42.1%|43.9%(28.2%
CE ##3F £ (%) 3.6% | 5.8% [16.8%]| 2.2% | 3.9% [15.3%] 3.3% [10.4%]19.2%30.5%38.5%23.5%
UA i #* %#?Ji(%) 96.4%(94.2%|83.2%|97.8%|96.1%84.7%(96.7%|89.6%|80.8%|69.5%|61.5%|76.5%
OA F R84+ & (%) 77.9%87.2%96.3%63.0%80.0%|95.9%75.9%93.8%|97.3%98.5%98.8%(97.7%
AA T 5 R (%) 85.4%88.4%88.5%78.9%[85.9%|88.9%|84.4%|87.1%80.4%|78.3%|77.7%|84.5%
(Q)#3%p BRIESFL 7T L E (b) 238 g+ P %L A 735+ B
8 SIS R 5 1 e
Ly — —— Qdh oA _rb,—lq
4. 3 LB =HEYI SR IZSRIA 4. 4 FRISIPAT 4GS
q‘g‘«\l 10 £% E*{- [/L [E[Er}:r’j]’%‘—fqﬁ;r i =y EJ,E'l F[ hj‘ﬁ”ﬂgiﬁ-ﬁ‘l‘”j’ffﬂ:}”?/%\lﬂﬁ Kﬁﬁ ’1,”:[ ;_r?ﬁf:[ s

SV BRI 1 (1 R AR IR
BN QI (Y EYS PR SRR

[E‘EJEIF#JI ([N Shapefile g =17 -
%%’ﬂj” DEM[ éﬁ‘fz‘[ﬁ R @IU: %eL ]EJIEJI%.

i SRPIREL 4 ] Shapefle SeAGST | HEESRU T R R PR
e ﬁil_ﬁ%]‘ﬁi&]'%’é ) R Fﬂ—tjA ST WA . i’['ﬁ%‘l‘ 13 80) ST - [ -
ARSI 1= “”*ﬂ*’**ﬂ IR PSS R P ) R

NG

- v['ﬁ?ﬂ 10 £% [IEJ]E]— st H; {71;41
q.%,ﬂ IR 12 55 YRR IR : FET-HR R sE i
e

IEJIEJ'+ E'I s [EJ[EJ [RER [E[EJJI/}{J\_I/@TE;T}#[ ﬁ?“‘l[
13 SRR L 1 T -



o  BEE  HRA  ES - RER - TEHE © 155Z5F) L iDAR BB eMigERIR ST

119

4
E

H

f

ilE ke

it

zzzzz

.....

O | L S

(a)%” ‘Jx,f L A

@M%%é%imﬁ

(d)*”‘l‘f L b= L2 5

Al 11 R LA

LT
o

(a) %dB 13 sc L H 3 B %

(OESATEENTEE Y %

B(gﬁl 12 R J‘UEJ'EJiﬂ ﬁ%ﬁ



120 MARENST E+hs F1H EEVFIA

[ R IR 2SS beta_2006.12.07
HEE HE WEE SEO

v RS
g
HIEARTHE R
Tk e

AR | b B |

|NAME | AREA  EFIRHER |REIR(VE BB  BEIERAE RS | BISREE
landslide  568.25 Qiully (Hully Tl il ully @ully
landslide 675675 (Qull) L% FEEL FER E=r) Qully
landslide  725.5 Qully il (ully il @ully @ully
landshde 607 75 (Null) (anl) (anl) (anl) CNull) CNull)

1] Rt o P L AMCE Y, EF 1100

RIS
, 3 2R
v iR ] EHEAF AR
HHE RR A FTHERRR RIBRIZESIZE
HIEASTE R R / ’“fﬂ%“"ﬂmﬂﬂ bR
[l = SRR
MR :ﬂ“ ) SRR S
BRI o e BEREE
E i
2k 0 LR
EEY e R
EETRE I GRER
k)
o
=R

[l 13 D[R I s

s H1T$’WFHﬁJ*M—Fﬁ§$%’H
ERzRx e e
%DCIH:H, \ED% hﬁj{gjiﬂ E”ﬂ J/f]&.jg’hffl—;m i

\\‘/q
Q—
?]
-

AP F IO B Hy BT I/Wu’ﬂ“?ﬁ’ AR R
LE: 4@97@;}*[2@&%%5«@ ST TIE F VPR e A IE[EjI& : ]M%qr[glgj
ATt Fg%l—l ]E[J "%ﬁéll’: PI’ [ELNES T J‘Uﬁuk’ r CiA N '+FF N JI/JLIJ‘ bf[};fﬁ Ejbz]fﬁ%

EE {93 B [ BRI RV Rl RS O - FRLA SR e o

P 3. RS T P T ﬁEﬂE'E o

1. %Fﬁf—%ﬂﬁf 2 EGAE YR o F[H R ik g@ﬁ.’ » = ?:’{fﬂ;[”fﬂu N EsS i Fgmr
IR FE G R AL R OB TR R L ELh Hﬁﬁ“ﬁ HIFEL ) M lﬁlF' F
PPty LRI A BT S PP nAR [~ P ‘Efﬁﬁ“j I [ o T R (T S
HiE T EE E“?"WﬁﬁEliﬁﬂfE‘Tﬁ'Fﬁ%f”lﬁ ALl Eﬁgﬁﬁﬂﬁ%ﬂﬁﬁﬁﬁ N R
IPPER [k B o] P T2 48 AR - e sliee IR RN L YRR R R
[FIE B 7 il P R R O B S P \.JE% VTR BT EN I S 297
il PR - BP0 1)

2 FIg o FIg = = R 2 l‘"jgﬁé BRSYRS A R ST - BT

(r r"

IR



o  BEE  HRA Tt - RBR  BHHE

T PR AL
SRR o R o BURRRCRY 5 = LIl
oA TR R TR Y A
A Il e

4. FEVE DEM e R[py 2 ] e ;ﬂgl’gfg el
PR [ SRR (TR T LA oy - B0

NG IQEU* D~ (7 PO ¢
Wit R B flﬁ’?&%}“fp@w@ s

?’ﬁff Biio » 2R BTOpR RS A

= YRSV RS DEM 2 it g > < fL

(2 i P HR s TR ARV A 15T
5. ARFRY (AP T I A I E T ]~ R
TP BN P AR P
CIR P LN fgé@“lﬁ?ﬂ’?‘/%’
AT o VPR R g
JHHEERY o F IR :H/J T "ﬁ;}iﬁ?’a?’i i
W L (0 KSR PP B ot
jﬁ Dipy GIS wef] > TS S A AR

PVESE -

— =l

am

Bitag]

PRGSO 97 [WE[-T 41Tl FHH Y
T Fﬁf (R 2005 & dalA RS vR] - B
HIRA BB & o R Y el s

BEFRATE -

e
580 > 2005 - BEET LIDAR I Y e hyife
1 BT/ ~ PRI s [
(ER I F -2 HOT4LFL > PR
FS5E 2005 o S ST [ $L ST FE (1/3) - 5
PRERS e D R R R R PR
Fio A PR
FEFR > 2007 o Ao |4 P 3R (3/3) - /5
PRERLS 1 = F ARG R TR
ISR (BRI o i e e T

fI

EaliNii Lt T N N

FEEZEE] L iDAR EZRZ e MERIE IR ARSI 121

B 1P BHEE IE 2 i 2003 -
SPOT & ff=ajfe e [ e i S s I ¢
il AR SR - 8(4) < 29-42 -

I ~ BLREE ~ WAV ~ F7R R 2005 - ==
= REEH ORI R 3 2 A
SIS ZE T 10(2) 1 191-202 -

Glenn, N. F., D. R. Streutker, D. J. Chadwick, G. D.
Thackray, and S. J. Dorsch, 2006. “Analysis of
LiDAR-Derived Topographic Information for
Characterizing and Differentiating Landslide”,
Geomorphology, Vol.73, pp.131-148.

Hsiao, K. H., J. K. Liu, C. C. Lau, and J. Y. RAU,
2009, Automation of Landslide Detection Using
Optical Images and LiDAR Data, Proceeding of
Asian Conference on Remote Sensing, Oct.
18-23, Beijing, China, CD-ROM.

McKean, J., and J. Roering, 2004, ”Objective
Landslide Detection and Surface Morphology
Mapping Using High-Resolution Airborne Laser
Altimetry”, Geomorphology, Vol. 57,
pp.331-351.

Parker, J. R., 1997, Algorithms for Image Processing
and Computer Vision, Wiley Computer, New
York.



122 Journal of Photogrammetry and Remote Sensing Volume 15, No.1, March 2010

Integrating Airborne LiDAR and Color Aerial
Photography for Landslide Interpretation

Chi-Chung Lau "~ Kuo-Hsin Hsiao ' Jiann-Yeou Rau?®  Jin-King Liu >

Jer-Rong Wu'  Qun-Xiu Huang *
g g

ABSTRACT

In this study, a semi-automatic landslide classification method is proposed and implemented
using both airborne LiDAR data and color aerial photographs. A man-machine interface is
implemented with three-dimensional perspective display capability, thus to ease the manual
interpretation and editing after a preliminary result of landslide polygons are generated by an
automatic algorithm proposed in this study. Four parameters are used in the automatic algorithm,
namely Greenness, Slope, OHM and Roughness. Greenness is derived from color aerial photograph
and employed to define non-vegetated land of fresh scars of shallow-seated landslides. All the other
tree parameters are derived from LiDAR DSM and DEM to portray the geomorphometric
characteristics of landslides. Thresholds are derived automatically from training areas and then are
applied in real time to show the distribution of possible landslides. With the 3D interactive interface,
the possible landslides are draped on 3D perspective landscape on the screen. This is convenient to
assist the human expert to further modify the results by deleting erroneous ones or modify the
boundaries of landslides visually. In addition, the interface system can go without the semi-automatic
approach and just be used for visual interpretation solely on basis of the expert knowledge of feature
locations, shapes, and types of landslides. Attribute table linked with the landslide spatial feature can
also be established in this system. It is proved in this study that this is a practical and efficient system.
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Applying Digital Aerial Images in Natural Hazards
Mitigation in Taiwan

Kuen-Sheng Yeh ! Mao-Yuan Li ¥ Uen-Hao Wang *

ABSTRACT

This paper introduces the mapping workflow of using new digital photogrammetric cameras with
GPS/IMU in mitigating natural hazards for the Aerial Survey Office. In the text, we have included
detailed descriptions on the procedures of image acquisitions, high resolution and multi-spectrum
ortho-image productions, interpretations, digitizations, and data provisions. We also illustrate how
these procedures were applied to mitigate catastrophes occurred in recent years, such as "Alisan Fire",
"88 Flood", and "Chiahsien Earthquake". The results indicate that high-resolution digital aerial images
can be applied to the interpretation of forest fires with NDVI images, production of digital terrain
model, change detection, and mitigation of natural hazards.

Keywords: digital photogrammetric camera, high-resolution multi-spectral ortho images, disaster

mitigation.
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Instructions For Authors

It is the policy of Journal of Photogrammetry and Remote Sensing to consider theoretical, applied papers
and reports addressing topics in photogrammetry and remote sensing. Manuscripts are peer-reviewed by at
least two experts. Decision is made on the disposition of a manuscript, and the authors are notified of the

decision.

Manuscripts need to conform to the requirements described below. Technical papers are operation oriented.
Authors are requested to indicate categories of their papers.

Manuscript submission should be sent via e-mail to Editor in Chief, both in WORD and PDF formats. It is
the policy of the Journal that submitted papers have never been published before. Papers published in
conference proceedings are accepted with revision. Authors are responsible for proofreading during the

publication process.
Subject to no payment to accepted papers, an electronic version of off-prints in PDF will be sent to authors.

Language: Chinese or English text with abstract less than 250 words.

Metric System: Sl units

Typing: Double-spaced on one side of A4 international white paper. A Microsoft WORD document is
requested with a PC formatted floppy disk.

Title: Titles should be short. Capitalize initial letter for English.

5. Authors: Authors names are listed below title, affiliations are listed at the end of the first page marked
with 12,..

6. Keywords: 3 to 5 keywords are selected from the paper and placed 2 lines below text of abstract to the
left margin.

7. Cover page: In cover page, gives, subsequently, manuscript title, authors’ names and affiliations,
abstract, and key words.

8. Sections and Sub-sections: Centred and numbered in 1, 2... etc. for section headings. Sub-sections are
justified to the leftin 1.1, 1.2, 1.1.1, 1.1.2.. .etc.

9. Equations: Type formulae and equations clearly in black and numbered in curved brackets. Leave 2
lines blank above and below equations.

10. Paper length: Published papers are limited to 25 pages of A4 size that is less than 30,000 words in
Chinese or 10,000 words in English.

11. Figures and Tables: Figures and tables are numbered and described in short. When papers are accepted,
original figures, tables, and photographs are expected for reproduction. Color reproduction is limited to
2 pages.

12. Arguments: Define symbols at first appearance.

13. References: Only works cited in the text will be included. Arrange Chinese literatures first then English
in references. Chinese references all located in stroke number of the first author while English
references in alphabetical order. Cited references to published literature in the text by first author and
date for example, Jones (1979) or (Jones, 1979), depending on sentence construction.
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