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Abstract

After the typhoon Morakot in August 2009, the potential for large-scale landslides has
become the focus of investigations by relevant domestic units. The plan will carry out the
weighting factors of the relevant judgments and implementation results, so that the scores
of the large-scale collapse potential areas of state-owned forests can be standardized, and
the risk assessment of large-scale landslides areas of state-owned forests can be completed.

The project is planned for the 2011-2015 years (Gaoping River and Zengwun River
Basins), 2014-2015 years (Dajia River and Zhuoshui River Basin) and the National Forest
Management Office under the 2016-2018 annual work scope. They are managed by Hsinchu,
Dongshi, Luodong, Nantou, Chiayi, Hualien, Pingtung and Taitung Forest Management
Offices, with a working area of approximately 15,391.85 square kilometers. The content of
the work is the collection of basic environmental data of the state-owned forest business
district under the jurisdiction of the Forestry Bureau Office of Forestry Administration, the
potential large-scale landslides interpretation, the possible causes of potential mass collapse,
the assessment of the impact range, the standardization of the scoring standards and the risk
assessment. Catalogue construction and image production and satellite radar image
evaluation for landslides potential areas.

The work of this project has resulted in the release of 7,757 potential large-scale
landslides (including 11 non-forest classes), with a total potential collapse of 231,395.2
hectares and a total affected area of 344,952.2 hectares. Among them, there are 34 important
landslides with the preservation score "high", 224 with the preservation score “medium”,
and 2,012 with the importance of the preservation score "low". According to the calculation
of the weight value, there are 217 sites are high level of occurrence, 1,885 sites are medium
level of occurrence, and 5,655 sites are low level of occurrence. The risk level obtained by
comparing the degree of occurrence (T1) and the importance of preservation (T2), 1 site is
9 scores, 5 sites are 8 scores, 3 sites are 7 scores, 28 sites are 6 scores, 57 sites are 5 scores,
31 sites are 4 scores, 164 sites are 3 scores, 430 sites are 2 scores, 1,551 sites are 1 scores
and 5,487 sites are 0 scores.

The potential large-scale landslides are a large number of places. Even if the risk
analysis obtained after the comparison of the degree of occurrence and preservation is
important, the number of potential areas for screening for disasters is still very large.
Therefore, it is recommended to adopt The concept of grading treatment, for long-term slope

displacement observation work for large-scale landslides.
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P s dF T3 F 0 B & F S E %4 F (Chung and Fabbri, 1999; Chung
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N3 ZFF P A% Hm2 Fa o NA 2 F3 R824 302 55 (F 2-34) -
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7 @ 0.40011 2

ge o |Rtg4ap 0.22123 2
LA+ d o +d 3 -0.38228 1

B2 (72 24) 0.44124 2

it P B ed s 3R eH] 0.10728 2
FAREwH P Bope | -0.49409 1

0-400 -0.69550 1

B A4 400-600 0.24773 2
600 1 1 0.58454 2

% 0.77347 2

AR AR I+ -0.17847 2
V+VI -0.88596 1

<0.2 3.62040 5

NDVI  [0.2~0.4 0.82980 3
>(.4 -2.04749 0

45 1)+ 3.61534 5

wp (045 1.65679 3
35-40 -0.11931 2
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15 85 36 121 29.75%
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MG BB R REERE %A% £ GIS #ra2 B shp 4
o B2 RBEE R0 STt (R 2-3.22) ¢
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X326 A E SCHBTRFZ A 24G 0 o

Foobo B RAHN MR P ST AR L A R e
AR RRGAPM RS o P ShEL D FE R E Y KR SERE A 0 H NS
25 N 4o AR L SRAE D R Z-D001 o Bk B B P L k4 s hd 7 A d o
Fd A As &RE%ES o it B > EAcB] 2-3.5 #7F o

N
!

AFL-B3®

C#-D%
>

C# -D%-D002

C# -D%-D001

I

C# -D%-D003

A%:-B#8-D001

AEA-B#%-D002

C+# -D%-D004

O

C# -D%-D005

AR -B#8-D003

] &
Q) ma uus @ Bhr ApHsnd ol

B 2-3.5 ~ Bt * AT H I BB R B 2 6

B 17 AT KR 32 MRBEE



F02-322~ Bt RBCHE P TR BHA
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1 mslink NUMBER(10) et & LM R B
2 HeE CHAR(50) HwE
3 TEF CHAR(50) EEEER
4 | landslideno CHAR(30) Bt A BB e izl': o
5 distl CHAR(12) 2w
6 dist2 CHAR(12) FREET T v
7 dist3 CHAR(12) 2w
8 m-basin CHAR(16) ENR- S e
9 basin CHAR(16) T EkE L
10 s-basin CHAR(16) +Eokw F
11 area NUMBER(7,3) Bk RBCH I G AR H i~ @ ha
12 locate_n NUMBER(12,4) | -t~ R AC# 3% ¢ o gL R (N)
13 locate_e NUMBER(12,4) | Bt~ R fc# 3% ¢ gl L (E)
14 elevation NUMBER(6,0) Ak LI TR R Hi=:m
15 | gradient NUMBER(6,2) T iay B R
16 stra CHAR(10) iy
17 stru CHAR(10) it &
18 describe CHAR(200) Fete X HUBCH I B M i
19 mesh CHAR(200) Bk LB S g it
20 FTEE NUMBER(4,0) | FLE
21 Risk NUMBER(4,0) JE A 0~9 &%
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Footk T Bz EBRIE 0 T & K LIDAR ~ UAV 4 R L inf
RN E R AR TR > BER Y A 1 RE P N g
B R RE o R U B TS %"J%%Eﬁj\%ﬁ?‘tﬂr
ARAOFTHE CHERPHE 2y EPEAEF%RE 4 S5 E & D
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ALY 0 B
1 iFIE P - HBEFEE T
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PR E ARG IR g o 5 £ R 0
A R AR s A B T kit
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R
L
F R B
=T

Bos RPCHIS B F 2 £ TR AE T o
|:| SeaSAT lChaIIenger
B LS SIR-C/ DESDynl
= [srA[sRB =5 e ] srTm [ DESDynI

Bl [ERS-1 - | || Envisat1 | Sentinel 1a/b |

@® | |JERSA1 ®

J ] [RADARSAT-1

TanDEM-X
l__l Cosmo-Skymed }/
| | L| | | | i 3
A 980 1985 1990 1995 2000 2005 2010 2015

From: Rosen and Buccolo (2007) IEEE Radar Conference

B 2-4.1 @k 3 £ B f§ 1 £ pF 42K (Rosen and Buccolo, 2007)
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2-4.1 ~ WEBIAHBKERETAREERBIFEENE Z2HEREH

1980 & ik » & WF 2 FLE T E )M+ 5 5 % (European Space
Agency,ESA) % &+ ¢ ERS-1 ~ ERS-2 % Envisat-1 4% ~ (2)4r £ % =~ 7 &
(Canadian Space Agenc,CSA)#7% & 17 RADARSAT-1 2 RADARSAT-2 % » (3)
PAF Sz Ay BB~ 3 % ¥ (Japen Aerospace Expoloratlon
Agency,JAXA)% ¥+ JERS-1 ~ ALOS 2 ALOS-2 #% o ()G FR Tt 2 ¢ o

(German Aerospace Center, GAC)% (5)%& ~ ]+ 7 4 % (Italian Space Agency,ASI)

¥ 5+ TerraSAR-X % % Cosmo-Skymed f# % (Rosen and Buccolo, 2007) » H 4p i
i Aok 2-4.1 -
2241 AT FERKEE S
n SAR 1 | FHT | REALE| mEE | aw | S %gw # $2
- ’ E i (cm) (R) (%) 17 K& (m) (TWD)
(km)
ERS1 1992 C/6.5 23 35 25 100 11,625
ERS2 1995 C/6.5 23 35 25 100 11,625
JERS-1 1992 L/23.5 38 44 25 80 15,345
RADARSAT-1 1995 C/5.6 23~65 24 8~30 50~500 104,400
RADARSAT-2 2007 C/5.6 10~49 23 3~100 25~500 104,400
ENVISAT 2002 C/5.6 15~45 35 25~100 100~405 19,360
ALOS 2006 L/23.5 8~60 46 10~100 20~350 13,400
TerraSAR-X 2007 X/3.1 20~45 11 1~16 10~100 52,250
COSMO-
2007 X/3.2 20~60 4~16 1~100 10~200 62,700
Skymed
TanDEM-X 2010 X/3.1 20~45 11 1~16 10~100 52,250
Sentinel 1a/b 2014 C/6.5 20~46 8 80 25
ALOS-2 2014 L/23.5 8~70 14 1~3 25~490 38,225
DESDynl 2020 L/23.5 30~46 8-12 25 360

AR ERIE LR AR R A R B E T
R F PRFIE g o AR RF AL RERER SR A

Atk oped E\}%%ﬂ’iﬁlkﬁ%ﬁgéﬂ& e il o L
PR iErh T EA R D B LBy A EAPF o P ERE LT EP
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Mtﬁf%%@#ﬁﬁﬂﬁZﬁ%Lﬁ&M

& = 3t j£ § i (Synthetic Aperture Radar » f§ £ SAR) > % & 5 5 B3t jo( =
R)e g JI* §E kg F & (electromagnetic pulses) % i (pulses)
v@&Jﬁ”fﬁﬂmiW%P%mF%wWi’Tﬁdﬁﬁﬁwﬂnﬁbﬂmﬁﬁﬂw
PREEH L E RS s BRSNS c SAR FE Bt B E v X B GF
ELERABERR A2 IFRA 2§ - FRFEW > (FEFEEFERFY
PR PRl F LR EAR A DT KR G i Ae B 30 F % 17 SAR
Bt P X RARE 2 U 0 SARFE B st o F B NS Feh
B A AT B T BN e

(1) £ & & = 3 j& 3 F + 4 ;# (Differential Synthetic Aperture Radar
Interferometry » #§ # D-InSAR)

& = 3t j& § &+ ¥ (Synthetic Aperture Radar Interferometry » #§ i InSAR) %
il g Er AGE RETF AT UFL A EFIEFTEFNH
(Differential Synthetic Aperture Radar Interferometry » f§ # D-InSAR)¥ 14 ¥ 5] 3+
B E A% o D-InSAR H el * 3 KT EFERGLIFFERAADF RS > 5
WA S P D T T R Aetg A FUE e R e Al o W IR
R R L %Wﬂ%ﬁ%ﬂ%ﬂkﬁ&é%w%#’#FéWa?ﬁuﬁ@m
% AR FE> w (Line of Sight, LOS) > @ # 3 g #F R 2.+ 2,8 £ (F 2-4.2) °

Interferogram

< Radar wave of first lmage ~ ! e Distance change
o (unit radar wavelength)
@lnlrrﬁ'rﬂnrlrlr resnlt
‘ (phase difference)
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(2) & A 578 £ & *F 2 (Permanent Scatterers Interferometry @ f§ £ PS-
InSAR)

Ferretti & % & 2001 # #73% M1 end £ 2 2 > 2 o PS-InSAR $ e 1% 45 7
e A Flch SAR R i? o H 45 R Ap ML & P R R e dc i (Persistent
Scatterer > fj fi- PS)2E(B] 2-4.3) » i3 2 BRI i 24P 4P T3 0 & SUPR SAR FE T
L PR Bf P &3 PS-InSAR i EH R B @R E T ffp o F
WoiTE R ITE K BB A R B E T E ERFRFERETH

2B R RDER

AR S IS et s, Pt i

Tt e -
0 Acquisition 100 O Acquisition 100

Bl 2-4.3 ~ & A SR £ 4 F R IZ s & Bl(Hooper et al., 2007)

(3) PF34p M BLF & + W P2 (Temporarily Coherence Point InSAR » #j £
TCP-InSAR)

Gk o B T 1T SR RACGR B B LR A B T B8 iR
#3]3e cn PS B o & Zhang(2011a) f1* 5 tg+ R s fp T2k /% i+ 5
PSRN L 0 BT 5 A K F o A A 0 1Y R BT
S F R R R R AR P /,,\ggz;r_ﬂ' % » i@ 4| H 22 2 (Zhang
etal.,2012) o {1 * $ PS henfp i L o Bit i d | - Kk H - A EA L]
KE WG ARl iR D PS BB S ,3, 4 4R 4 prehdp 28 H
Frooi- R EE AR5 (F 2-44) 0 B RE AT D A i)
B oG Pl EEF R B i 4P Bl (orbital ramp)iE (T2 & o B * 3R L Sl
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B Az 000 | 200- | 400- 600- 800- | 1000- | 1200- | 1400- | 1600- | 1800-
(m) ) 400 600 800 1000 | 1200 | 1400 | 1600 | 1800 | 2000
(iﬁ) 350.6 | 868.3 | 1,196.8 | 1,248.9 | 1,287.6 | 1,288.8 | 1,306.0 | 1,273.2 | 1,238.2 | 1,186.0
“"ﬁf 2.28% | 5.64% | 7.78% | 8.11% | 8.37% | 8.37% | 8.48% | 8.27% | 8.04% | 7.71%
% 42 | 2000- | 2200- | 2400- | 2600- | 2800- | 3000- | 3200- | 3400- | 3600- | 3800-
(m) 2200 | 2400 | 2600 | 2800 | 3000 | 3200 | 3400 | 3600 | 3800 | 4000
(iﬁ) 1,060.0 | 892.1 | 744.2 | 609.4 | 4351 | 2517 | 109.3 | 36.7 8.4 0.4
“‘ﬁf 6.89% | 5.80% | 4.84% | 3.96% | 2.83% | 1.64% | 0.71% | 0.24% | 0.05% | 0.00%
2313 2ABHFF LR F A RARL T L
BERR) | » (T 22) | affpa e
0-10 472.7 3.07%
10-20 1,845.6 11.99%
20-30 4,382.1 28.47%
30-40 5,683.2 36.92%
40-50 2,550.9 16.57%
50-60 413.2 2.68%
60-70 41.5 0.27%
70-80 2.4 0.02%
80-90 0.0 0.00%
2314 2ARF PR FEFERIA 4T 4
o (T L) wfFE A
Flat 0.3 0.00%
North 1,800.8 11.70%
Northeast 1,929.0 12.53%
East 2,017.8 13.11%
Southeast 1,989.8 12.93%
South 1,863.1 12.10%
Southwest 1,958.4 12.72%
West 1,932.0 12.55%
Northwest 1,900.5 12.35%
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Study area

Location: Lushan and qingjing of Taiwan
Lontitude and latitude range: 121.0408~121.2922,23.9264~24.1417
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