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Investigation of the field situation using SAR satellite images for the emergency

response following landslide disasters

This thesis deals with the research results on “Investigation of the field situation
using SAR satellite images for the emergency response following landslide disasters”.
The purpose of this research is to develop an investigation method to know the field
situation quickly and accurately in affected areas through landslide disasters for state
and prefectural government officials.

In the 1%t chapter, the background and the purpose of the research is explained.

In this research, a new investigation method to know the field situation quickly or
accurately using SAR satellite images is developed in relation to the following three
targets: These are “large scale landslide dams”, “slope areas with slight deformation”
and “densely collapsed areas by earthquakes”.

In the 2rd chapter, “emergency survey method to identify landslide dams using high-
resolution single-polarization SAR image interpretation” is described. The targeting
data of this research were collected in the Kii Peninsula region, where a lot of
landslide dams were formed by the Typhoon Talas in 2011. On the basis of the results
of the identifiability assessment, the necessary basic specifications of single-
polarization SAR images for emergency survey of landslide dams are clarified.
Important checkpoints and remarks for identification of the landslide dams are
formulated as standard interpretation criteria.

In the 3*d chapter, “emergency survey method to identify large scale landslides and
landslide dams using high-resolution multi-polarization SAR image interpretation”,
which has better identifiability, is described. On the basis of the results of the
1dentifiability assessment, simple HH+VV superposition of dual-polarization images
with resolution higher than 8 m are selected. An appropriate interpretation checklist
1s formulated for this execution. These research results were published as a technical
report for the NILIM. The technical report can be used as a guideline for emergency
response in case of landslide disasters.

In the 4th chapter, a case study on emergency response using SAR satellite images is
introduced regarding the collapse of a landslide dam at Ambon Island, Indonesia.

In the 5th chapter, an idea on the “priority of the field investigations” with necessary
remarks and data of correct answer is explained regarding the “methods for
identification of slope areas with slight deformation using DInSAR”. On the basis of
the results of field measurements, slight movements of a large-scale landslide body
was identified in the target area at Mount Inago, Nagano Prefecture.

In the 6t chapter, a new analysis method using 2.5 dimensional analysis of DInSAR
images is proposed for the case of the 2008 Iwate-Miyagi Inland Earthquake. In this
method, “multiple DInSAR images” are applied. Earthquake-induced movement in the

horizontal direction is also applied as an input. A “map of ground surface



displacement induced by an earthquake”, which has higher resolution than other
maps by convemtional methods, was obtained by the proposed method mentioned
above. Further, the relationship between this map and the “areas with high density of
earthquake-induced landslides” is explained. This method is effective also for
prediction of areas with high density of earthquake-induced landslide.

The 7th chapter summarizes conclusions of the research, and remaining tasks.
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Fig. 1.4.2 The hypocenter distribution during the 2008 Iwate-Miyagi Inland Earthquake
(Hih : VAR 20 458 H 26 B KEYTHREHIEARIR P20 45 (2008 4F) AT « ERAEMEEOREN L TR £9)
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Fig. 1.4.3 The location of the landeslide dams by the 2008 Iwate-Miyagi Inland Earthquake
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Fig. 1.4.4 Example of the SAR image of the slope failure prepared from aircraft
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Fig.2.2.1 Diagram showing characteristic phenomena for SAR imagery
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Fig. 2.3.2 Rainfall data for Typhoon Talas, 2011 (from Japan Meteorological Agency, Kamikitayama)
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Table 2.3.1 Timeline of the emergency search
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Fig. 2.3.3 Detected landslide dam candidates and evaluation of detection
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Fig. 2.3.4 SAR images of landslide dams targeted by the emergency investigation under the
landslide disaster prevention act (2011.9.5 17:53 JST)
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T SRR O T O R RE SAR SO et T A Mt % 725, COSMO-SkyMed.
TerraSAR-X, RADARSAT-2 ® 3 -SOHEF SAR i K DR 70 Hlifg 2 VT, 2011 4
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# 241 HBRGLERT
Table 2.4.1 Locations interpreted

RAETE T4 HifE ¥ FREEDI & AR AR
PEND 2.3ha A L 32°
22 (@) 7.4 ha W 31°
122 () 3.6 ha Bl 33°
FHD 6.5 ha bR 38°
REG 19.1 ha Jbvs 37°
DI 32.6 ha Jbvs 37°
R 37.0 ha it 35°
O 14.0 ha Bl 36°
i) 1.2 ha i 36°
D 5.4 ha FA e 35°
=B 5.0 ha =l 36°

CXARERTOHIEENE 10mDEM OfHE A -~ 3 = ARCOSEE)
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2. 4. 1 BREICHER L-EfR LFHIRE
RN E o fAFE SAR IR 2.4.2 (TR 9 MR CTH L, THENOMIEE L UBET
FHIEE L, BIFO L0 THD,

% 2.4.2 UIEBVERHIC N =@/ fiRhe SAR Hitg—'&
Table 2.4.2 List of high resolution SAR images used to evaluate visibility

BEAX | NvR| IR | Bl | RBEIm| e | ANA R | BEPRE

2011/09/20 | FEAT |VEAIE | 1.7m | 51° | HH | 2fi#4E

No
0 2011/09/05 | AT |HfE | 3m | 39° | HH | EAHig (B&E0H)
1
2

2011/10/06 | FEE1T|FEME | 3m | 37 | HH | &)

TerraSAR-X X -
2011/10/06 | FA{T |WEAIE | 3m | 37° | HH | B 51

27
3 2011/11/19 | FEfT|VEAE | 3m | 39° | HH | #&J7H)
4 2012/01/21 |47 |#AEX | 3m | 21° | HH | AHA

COSMO' 4 TE“V‘Z \/“'j‘ 4% B A
5 X |20110900 |7 | | am | 3¢ |HH| e (
SkyMed oK)
6 RADARSAT . 2012/01/10 |AAT |®mE | 8m | 36° | HH | S F (R)
YAV vzl = 1
6 |2 20120110 | 47 | dax | sm | 8¢ | mp | HE (Nol DU

N AN

(10m & 1 4 ARRECHTHUBHAIAHAS TTHE : SAR B kH5 & L7 (ALOS-2 [XRIJERFT LT
TEHERY)

- ZAHE - (No.0)
Pk 23 AEREL 12 SuEnEE I S BCEEER L COEIGICEH L7z TerraSAR-X W@ T 5, HiR
(A L7cBifg o Tl b 2 < OIEPAZEEFT M HRE CE T2Bifg ThH D720, ZDBIHEIC & D HFin]
HEAEMERHEO B2 & LT, ZOmitgzfhibig & OrREZAT 5 BROFAREIBR & LT,

NV R (R o (No.6)
ARG X N RiEafiaet o CHUSG L7CER Th 573, fi S R CHEG L7555 O
OWTHERT 7201, C 3 REmfifket %249 RADARSAT-2 Oif4 & il 7=,

- firEE YRR OE N (No.b)

HATRIY, TerraSARX OEETHY . X 32 FOFAMREL A Th b, it o
PRI W THERRS BT, RIS X /30 REIRRED T > 3Tl 5 COSMO-SkyMed Dffi{4: &
L7,

 fiREEDEVY (No.1, No.6’)
FARERI IR 3m SfEEETH D3, T XV bEFRE B O A IOV THER T 2 72 9DIT,
1.7m 73R TerraSAR-X [Hif%: (SpotLight Hifg) &k L7z (No.1), 7z, /fiFREIMEL 7257z
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BAITHOWT HHERETT 9 129, 3m 2f#HED RADARSAT2 D% (No.6) # Vo7V 7 LT,
8m RRED I Z1E% (No.6™) L TLuigZ v =,

« N DEV (No.4)
HARHEBI IS 39° TR L7-Eilg TH D05, AFHANRR DA OV THERZIT O T2
TerraSAR-X O AGI 21° THpfe U7-mifg & bl U7~

- L—Z B FmoE (No2, 27, 3)
SR XA THOE - B BITH D Z &b, Wi R (FETH0E - TEEE) EiROBAI
OWTHIGE T -T2, 7285, A THIE « P THLE CIIREaIHN e D, 07, FAER O
PG ENDINERAZENE 28T 5 L 9 12 TerraSAR-X W% % 3 #fliH L72 (No.2, 2° (No.2
OFEAOMEIE) . 3),
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2. 4. 2 FHEHER

PRI A IR O B & U CORHiliRE RO —E AR 243 (TRT, £, ENERO
FHMmFERIZ DN T, LUFIZEAZAT 9, fHlfEROOAX OERFRIL, 1O R FeA B A &, A
NHABIEDSTRDHER T E D&, X JRIRDHAINRWERT) TV, Rk 2HHT = v 7V
A (R 251 DEFREFLTHD, k., HAEBRIZINT, 2011 FHJE 12 SiEmiE |2 FEh
L 7= SEER SR DB S HFI I C, Rt & 2o 7e Tl hEPAZEEAT O HFHE ROl
o TNDN, ZiUuL, BR 12 SilEmE R OREHB ClikEE L—2— RU LR L T

(=8 2 CEho7ehy (| 24.1), AlEl FEANTHFZAT S 7ofER, TWhEPAZEDHIBE FTRE
ThoTzlzdO& LTN5,

# 2.4.3 HiEifg L U CORRRMRHEE R &Y

Table 2.4.3 List of results of evaluations of landslide dam detection capability of each single image

HE4 TerraSAR-X COSMO- |  RADARSAT-2
SkyMed
{4 No 0 1 2 2 3 4 5 6 6

Tﬁ%ﬁﬁ H 2011 2011 2011 2011 2011 2012 2011 2012 2012
/09/05 | /09/20 | /10/06 | /10/06 | /11/19 | /01/21 | /09/10 /01/10 | /01/10

ol | dUT | T | T | T | maT | dUT BT 1t T
PRSI | s | paraE | i | parE | dEeE | SRmE | pEEE | SR | pEEE

SfERE | 3m 1.7m 3m 3m 3m 3m 3m 3m 8m
NEH | 39° 51° 37 37 39° 21° 34° 36° 36°
i | HH HH HH HH HH HH HH HH HH
(T I - S oz YA S ) o oM R
No %T 4
@ |£#AN| 2.3ha |FEH| 32° O X X X @) X
@ |EFA| 7.4ha | 3 | 31° O X X X @) A
@ |EFEA| 3.6ha |db7E| 33° O O X O O X
@ | 59| 6.5ha |dLsk| 38° O X X X X X O @)
® | E#&|19.1ha |dbpH| 37 O O O O X O O X
® |74 | 32.6ha | AL7E| 37 O O O O X O O O
@ |5F|37.0na| Jb | 35° O O A O O O
B7P7 | 14.0ha | ALPE| 36° X A X A
S| 1.2ha | 75 | 36° X X
Jti%| 5.4ha |FEPE| 35° X A X
@ | =#k| 5.0na | Jt | 36° O X
FHIEH SR | SofiRne | BT FRE 5 | BRGNS | s N R | SofiReE
Oxt54 11 3 8 1 5 9 8 7 7
@0 8 2 4 0 2 0 4 7 3
3 ©IN 0 0 1 0 1 1 1 0 1
@x 3 1 3 1 2 8 3 0 3
B (@+Q) /D | 73% 67% 63% 0% 60% 11% 63% 100% | 57%
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&

2011/9/5 IKEFms2

INUR | ATBRERF BFEA | E-REHA | SR | ASA

X | TerraSAR-X 2011/9/5 47 RAEE 3m | 39°

HIEBIMS BAF7a#2 SAR 1it% (No.0, X /3, HH)

2.41 = FHEPAZEETTO SAR Hifg
Fig. 2.4.1 [15] Mikoshi, SAR image of a landslide dam location

2011 EHE 12 SOmERIC S i L 72 SEE GO SAR Bl OB SHRH RN T, #kiz L
—X =Ty U LRRHFE L C, CHFE CE e o7 T8 OFMEPHZEE T OBERAK 2.4.1 (TR
T Eo, HFoAHRE LIAMEAZEEFTOMEER 2411077,

(9PASCO

Km

HHE 241 M2 X 2 EETEOIER LIOEFETG (L i, FRNHX) ©
Photo 2.4.1 Optical photo (orthophoto image) prepared from photo taken
vertically from aircraft

D NUF R 0B

X /X2 RO TerraSAR-X Hifg & C /3 RO RADARSAT-2 [Hiff & ORIFRM:Z Lfs UT-FE R AR
244 (TR, ERIORLEPZEEFT O 2 s 9% & . RADARSAT2 B D773 00 /A % &
WD ZEIH DA, HlstR S LT 7 EETOWRERZE A W b &It TE TR Y | MRS
DOEBITHERTER, O b, XN RE C Ny ROEWZ X ATEEEOZT, FREPAZED
FHHPRERE & U QIR EREIE L QNN R D, 230 ROE T L DR Ll U 7= inE e
OB EK 2.4.2 17T,
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K 244 N2 ROENNT &2 HRERE RO g
Table 2.4.4 Comparison of results of evaluations of landslide dam detection capability with
different radar band images

24 | TerraSAR-X | RADARSAT-2
1H{% No No.0 No.6
N R X C
FRG 710 Hm )
f&ATNo | fEiT4 | mfg® | Fhr | A ) FERE R
@® PEN | 2.3ha | FEER | 32° O O
@ PPN | Tdha | B | 31° O O
® PEN | 3.6ha | dbFE | 33° O O
@ T | 6.5ha | dbEE | 38° O O
® % | 19.1ha | dbp4 | 37° O O
® A | 32.6ha | dbpE | 37° O O
@ B | 37.0ha | Jb | 35° O O
Oxtg 7 7
@0 7 7
£REr @A 0 0
@x 0 0
HEEA (@+Q) /O 100% 100%

H il SRR | SN

d A RS
BN
LTI TR
J31A] T3]

wt | wet | R m P

Otk | @Fik | @FiE

il R # wEE | SuE-REAR | SR

X_| TemaSARX w95 | dirEmE | om |39 | O | O | A c [raparsars |ooizino | stmmmz | sm | se Ozg ®Z’§ ©T§
HIRRIEDS U iR, SAR R (X /SF) RN Ui SAR il (C /3 R)
5% 5 No.0, X /3> R, 18O 4 : S No.b, C /3 R, BEEHEO

X 2.4.2 /X2 ROEWNT K HHEENEDO L ©
Fig. 2.4.2 Comparison of landslide dam detection capability of different radar band images

(2) HEE OB

L X S Rer4%47 TerraSAR-X & COSMO-SkyMed & OFRZRMEH AT - 1-f5 B4 3R
2.4.5 (T~ 728, TerraSAR-X HifgiL, #%kd 2Hi%D 5 5, COSMO-SkyMed i & FRE 710
PSR CC, BRI B AE95 No.2 TerraSAR-X [Hifg 4 s iR & L7z, 1HZ %J:tﬁx L7 8 féiHT
OIHEPAZE T, WAL B 60%FREEOREFT A HlRehit LTl v | iR AR D 2 5 IR
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Nigihnotz, ZDZ Enb, R THEESOBENC L AHRREDZET W N2 b, BB L LT,
X 2.4.3 [T L PHERROEN N L DIRERMEZ Hoi U7~ i 2,

# 245 HEE U THEEROBENT X DR RO
Table 2.4.5 Comparison of results of evaluations of landslide dam detection capability with
different radar sensor images

4 | TerraSAR-X | COSMO-

SkyMed

1H{% No No.2 No.5

N R X X

MRS | A P &
f&ATNo | féif4 | WfEY | 7 | ) Fe s R
@® PPN | 2.3ha | EIE | 32° X X
@ BEN | 7.4ha Ho| 31° X X
® PPN | 3.6ha | dbpH | 33° O O
@ 4 | 6.5ha | dbEE | 38° X X
® F®e | 19.1ha | dbpy | 37° O O
©® 4y | 32.6ha | dbpH | 37° O O
@ B | 37.0ha | db | 35° O O
PP | 14.0ha | dbPH | 36° A A
Oxt54 8 8
@0 4 4
HREt @A 1 1
@ 3 3

AT (@+Q) /O 63% 63%

AIHES wEa

ATHESH] wER | BE-BHAR

21
) QA% O
X TerraSAR-X 2011/10/6 BfT-EAE 3m 37° x x A X |COSMO-SkyMed ~ [2011/%10 7 Fa ) 3m 34° x X A

F g S No.2, a4 TerraSAR-X, £ Hif%E 5 No.5, a4 COSMO-SkyMed)
2.4.3 fEE U HEEROENC X AR ED s ©

Fig. 2.4.3 Comparison of landslide dam detection capability of different radar sensor images
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() ZfFREDE

XS RREIS: & Db

3m 53fi#HE> RADARSAT-2 D% (No.6) &, U 7Y > 7 UTERR L7 RS fEaEm S (No.6” |
SYRRRE 8m) & OHZRMEA Ll LT-fE A3 2.4.6 |7, HLsa R & L7-imhERAZE 7 Snc o T,
3m ZfRe ClI ATl ATRE & W S 723, ARG fREm G ClIs DR ORIHFE R & 2o 7,
AEPAZEDHIFA R U COUREZRRREIC DWW TR, AEIORET Tl 72 < & b/ fiFRE 8m & U FHY H]
BCi, FEEENIRKE UK TT2FREMAVRENTZ, 5 & LT, OfifEODENC L D HEEMEE Lk
Lo %X 2.4.4 \TR9, R 2.4.6 OHESER LV | WREFAZEZ T 5550 SAR Wi/ iFkE
1%, 8m L0 bEOFECTH D Z EMEE LN EE X DD, T 2T, HfRAE 1m FREE O B/ fiFHE SAR
ERTIT L D 72BN A HRE S5 23, ARl U 78RR OVESE Tl 3,
SIFRRE Sm iR & LT SRR 1m B CIIIRICS 22 5 72 DR A 95,
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# 2.4.6 SFRAEODENT K HHFHEROME (Ko RERITE & D)
Table 2.4.6 Comparison of results of evaluations of landslide dam detection capability with
different radar resolution images (for low-resolution)

R4 RADARSAT-2

i No No.6 No.6’

R H | 2012/01/10 | 2012/01/10

o fiRRE 3m 8m

MGm | B &
fEATNo | fEFT4 | mAEY | e | Al ) FERE R
©) PFN | 2.3ha | FEE | 32° O X
® PPN | Tdha | 3R 31° O A
® PPN | 3.6ha | dbpH | 33° O X
@ 4 | 6.5ha | b | 38° O O
® F | 19.1ha | db95 | 37° O X
® e | 32.6ha | JbPE | 37 O O
@ L | 37.0ha | b 35° O O
Oxtg 7 7

@0 7 3

HREt @A 0 1
@X 0 3

HEEA (@+Q) /O 100% 57%

R AT

HEL\

ok | ATHEEH | #ES | wEmsE m;ab;\gm ] B e '(\"F *Iﬁ:iﬂ“ {WE m%:%%ﬁm i " B | s | ok

¢ |RADARSAT2 |20121/10 [rEy— 3m 36° o o A C  |RADARSAT-2 (2012/1/10 fF-EEE ABm 36 x A x
THFRME S L7 255 SAR B (C /3 F) A5 fiRE (8m) CIRTIEPHZE HIFIA T SAR g
I ¢ itk 5 No.6, ZfiFHE Sm £ %S No.6 . 4 fiRRE 8m)

2.4.4 FRAEOIENC X DHERIEOLE (R iRaemifE & OLblk) ©
Fig.2.4.4 Comparison of landslide dam detection capability of different radar resolution images
(for low-resolution)
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(VRPN

NHADRR D 2 BHROERIEA R UTofER AR 2.4.7 (7, ASHA 39" ORISR CIIk
80V FEHE DIFTEPAZERE AT CE 7228, A8 21° OB TITR 10%FEE O & 72 v | JiER
FEEFTOMHEIE D LUK T L7z, Ziud, SAR BEBUHEO NG AV NS 725 & fHERHTD
VAT L 0 b G 1A & TR 2RMEAERICUTS 720 | it EORIEAMEI 2T LA A—r3— L
725 Z D, AEPAZEEFTAHEET D Z ENREHI /2 5720 Th D, Z Z T L7z No.0, No.4 LA
AOEE D, R 24.3 1T T XD ICARAITENETIVO A B2 D08 (FAK 347 | Famibl” ). R 2.4.7
DX D 7RO ZEIMGER S e 0T, 72720, NHARKE 2D L ILOFIZEND L—F %
RN XD RAREEROEIE PR EL 0D Z LICOHET DUERH D, ZbDZ & X0, hER
FELHIT DI OITIE, —ERRED NFAZHERT 2485030 0 . SAR BHGHUSRFO NG,
35° ~45° FRENLE LW EEZXLND, 5L LT, AFADENC L HERMEZ L2 SAR
it 2R 2.4.5 18T,

F 247 NFHOENT X2 HHEE RO
Table 2.4.7 Comparison of results of evaluations of landslide dam detection capability with
different radar angle images

4 TerraSAR-X
Eif%No | No.0 No.4
N | 39° 21°
MGTm | A& P
fEATNo | fEfT4 | mAEY | Jhr | Al ) FE s R
D BEN 2.3ha | PE | 32° O X
@ BEAN 7.4ha | W | 31° O X
®) BEAN 3.6ha | Jt#g | 33° O X
@ 4 6.5ha | L | 38° O X
® F | 19.1ha | Jbpg | 37° O X
® e | 32.6ha | b7 | 37 O X
@ B | 37.0ha | db | 35° O A
Bffi | 14.0ha | JbFE | 36° X X
B[dile 5.4ha | FEPE | 35° X X
Oxt5k 9 9
@0 7 0
HeEt @A 0 1
@x 2 8
HEEAr (@+Q) /O 78% 11%
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N
LA —3—
S CHTEEL

A}

Jite)

sk | ArmEen | #me | nwmsse ¢ | Asrm | RRIE sok | Azmesn wE | s

Dtk | @ik [ QEAR

X | TerraSAR-X 2011/9/5 | dt4T-EHE=E 3m | 39 O ] A TemraSARX 2012/1/21 AT RRE m | 21° x x

RS BT SAR BHR (X /2 ) SNG4 N I AR 0 SAR il
75 - Hifg No.O, A 39° | 1Rt £ % Nod, ASHE 21° | 1HREMEX

2.4.5 )\%a‘ﬁj DIE N L DARREDO L ©
Fig. 2.4.5 Comparison of landslide dam detection capability of different radar angle images

(B) L—FHHHRODEN

B & RETEIE (No.0) & PHIf & RIS (No.2, 27, 3 Z#AAET-H M) OFEZANMEZ i L
TRERAER 248 7, b, WAE - A& R AMAGOEIIGE ($72 2 M Ao ©
MG ez &0E) L LT, Tl L, £z, FEEAT (OH LIFALER) &72D
TR OEIG ZEFHROR Lz CRe, [FID), 8 24.8 10 2= 7Tk, HIOAOIRECIIE
ﬁ%@ﬁ%ﬁ&@b%&%b S, ST & BITHERAEIRD 50~T0%IZ3%24 T DT a5 = & & f
e LTz, FEiz, WS R L7355130 90% D & 7o > TSR K v B L7,

WIZ, ERAZEZ 5| & 2 L7 iR BRI O AL L . SAR g CRIGERTRED & 9 M OtHENE
L DOBIREF L DT, ZOMRER 24.6 (T, HAE RFOSEIIHMR & ORI 2854
PRI CTH Y | PEIA X BRI OIGAIIVER & D3P T AIEMNN DD, WHRIOEEII
DOELEDRH S5 2 &b B AL O AIRE & 22 DM & 72 o7, R 2.4.8, K] 2.4.6 7>
D, #7220 L—F ST mOEGE VW EPAZEEFTOWRPAN T H Z LAV, &L
LT, L—FBREH R OENT K DR 2 T u‘:@@%@ 24T 7, 7eds, WO 71
THIRETE AR ST 1 T (EK) FET 525, Hi%EPIEERE B N Ch Y . ARE
BB B L CQO D AR S 2 Db,
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# 258 L—HMSKHIOE N L DR RO ;R
Table 2.5.8 Comparison of results of evaluations of landslide dam detection capability with
different radar direction images

R4 TerraSAR-X
% No No.0 No2. 2°. 3 | NoO, 2. 2. 3
MG | R P& gl
f&T No | f&iA4: | WFEY | G | Afd ) FERE R
@® PFN | 2.3ha | R | 32° O X O
@ PPN | T4ha | B 31° O X O
® PEN | 3.6ha | dbPE | 33° O O O
@ F4F | 6.5ha | dbE | 38° O X O
® FE% | 19.1ha | db94 | 37° O O O
© A | 32.6ha | dbPE | 37° O O O
@ B | 37.0ha | db | 35° O O O
BFR | 14.0ha | Ab7E | 36° X A A
S | 1.2ha | PH | 36° X X X
Jef% | 5.4ha | FEVH | 35° X A A
® =W | 5.0ha | dbt | 36° O X O
SE - 11 11 11
@0 8 4 8
HREl @A 0 2 2
@x 3 5 1
AT (@+Q) /O 73% 55% 91%
G
£
®
YER
e HOEEREER
fﬁ — I R 5 AR BT B AT PR

T R 2 R E LR E TR A E P EE AT
— E{E DB & ZFREE FT HEAn AT E B 2B A

(Xerod> B R EPHZEE T A7)

2.4.6 FABDEERIE TN & BIRRIE & ORIRT
Fig.2.4.6 Relationship between landslide delections and landslide dam detection capability
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LA —
Lf_ﬂlm el
3 RIEE

i ELi'Z//TI/:l\ i#l u}Lz“
L

i)
J318)

ok | ATmEen | BEE | we-wsse | s ] i Jok | AzwmEam - | e | Agrm | B | R BE2E
X | TerraSAR-X 2011/9/5 AiT-EAE 3m | 397 o] o] A TerraSAR-X 2011/10/6 T ERE 3m | 37° x x A
TRRRIMEDS BAT72 752 SAR THIf5 @{EU\%T e ER T 2RO B RE AL SAR #if%

Eif% No.0, Fa) & fad, HlRdM:RAT A5 W% No.2, Varm & feb, AR
247 L—ZWREIFHOE N L HHEFR O ©
Fig.2.4.7 Comparison of landslide dam detection capability of different radar direction images

2. 4. 3 MifigElh S RI-HRERMEETE
(1) HIFERTRE L AR

EfiERE SAR EHROHIRET &V R RTRE/ 2 IPE FAZED AAERIR AR 3 2 7=l EPAZEA 5|
%E_Lt@E%%®%%ﬁﬁ_ﬁﬁéﬁwﬁ%ﬁ249 PR LT, 7ok, L— B ROE

IZEDEARS T2OIZ, R 2.4.8 D TTHH]] OBEBUZ K HFERATE Chgdtt o~ L, AREmEO#
B~ 2 2, 72, BREHC A ARER AL i G O et LI P EEY chb, #
2.4.9 1V, FRRAHFETE 220 X EP SRR S N0 (FiEfEl X 1.2ha, X 2.4.8) @
Tz, WITHAEEEFEDY N SUWOEFNOIT ARG FE 2.3ha TH 2 IMEREARETH - 72,

FFER D SifiReE 3m D SAR B OYEE, VPGS 2ha FREANSOBIGHII L, PR N
ThHDHAEENRE X HiVd, LonL, ARl TS ELIREIZEES < BEFRED G L 7o > T B D
GEPAZE G, JRA. R A%, 5% - KR 48 20m LI b)) 136REAT (Ob L<1ida) OHfFH
FERTHY . 7fifHe 3m @ SAR Bl CULE/AERMEIIFER CTE 5 L& 2 bivD,
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* 2.4.9 HAEmEAE & ARRRME & OBALR
Table 2.4.9 Relationship between collapsed area and visibility

R4 TerraSAR-X
[ No No.0, 2. 2°, 3
HRS Ji1m) A
&t No | fEFT4 | mREY | G0 | Afid | CHRERER
=i 1.2ha 7| 36° X

BEN 2.3ha | FEH | 32°
BN 3.6ha | Jkp | 33°
=ik 5.0ha | 36°
Eldji 5.4ha | FPH | 35°
FI 6.5ha | K3 | 38
BN 7.4ha || 31°
By, 14.0ha | Atpg | 36°
Rl 19.1ha | Abps | 37
R 32.6ha | Jkph | 37
FOF | 37.0ha b | 35°

SHCHONCHCHONEHGHEHCNS
Ol00P> OO0 O000

2012/09/07 i ©@PASCO

I S No.3, 77f#EE 3m, fFERERX H o WZETE O LT (vY))
¢ 2.4.8 02 (HEEHS 1.2ha) AREEERTOMIE
Fig. 2.4.8 [10] Hinokimata (collapsed area: 1.2ha), image of collapsed location

(2) KIS B . R g b

249 (ORI EAT- 12 1L EFTD H B, 2 TOMBIZBOTHEEENRO L7 b3, AD R
W= DSIR DR C & DHEFT) & e 72dtik, BFROIE, W bilIss R cH 5, BR®

(X 2.4.9) 1THAPRAIC LV A4 C D HTEOBZESARNR T, 2> DiE O3 % < WhE PAZEE T
BRI RER TR L TR Y | KBS A CHRIZET 5 Z L AREECh o7z, Bl K& < Baid
KGO (K 8.6) 1T\ T, AR & NS FHTE) & 5 vl c& 3, PAZECAL
ToKIFEDS NS W2 E N BEAZEA Y 232 Z N TE T, HFREECH 572, ok Sz
ISR AR &, BRI SAR BRI K DHFENHE L < 720 Z LI EAET 2,
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g | BEED
R
2011/9/5 | dL47-H@E 3m | 39° X

2.4.9 OUFFLAMEERTOMIE
Fig. 2.4.9 [8] Noziri, image of collapsed location

w8

2. 4. 4 SREGOFREEEE X -RRCHOER Tk
ANROBEEMERHMORE R, HERBIHETRIZ L2 SAR BHGOBGE A2 LI T O L3 0 Bl b L7z,

Q) v FoE

X, COVFNDO/ RTHAL

BRI ClX, CN R, XN ROEWNT X2 AR RGO Ulpunizsh, SEE3ED
BENDOH 555 1TEBA TR VR BSR 2 RET D I ENEFE LV,

©) SfReE
(PR 2ha DL -OBGHRARE L7 50) /6 Sm BUEAHEL,

Hiffz SAR Hifg CARBHE AR JONMNERAZEZ 95 72123, 3m FREE LV @ I fifRE) S &
LV, 72720, 2011 FACHRERIOKRE ARG L LI ifHE 3m ORI SAR B HFEFE Tl
VSR 1.2ha OFHEPAZETHFESNEEChH -7z, £z, FmEZEAT 2ha L EOBHLTH -
Th, LA A=V v RUIC LD RN AIRBECOH KR GRIEbA) & v BY O N5 5
TAFTRED T8O T HPFE DIV 7RG AT RE L SN2 L ITHEZET D,

(3) #EniE
BUHNEI AT 20km DL EZHESE (S0fRE (Sm FHE) 2 SBINEDANE— RZ%IR)

2011 A 12 S L DRI oK ETIE, 17 BFTORNEPAZERERTIN SR04 L TR Y |
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Table 2.5.1 Interpretation checklist (single-polarization image)
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Fig. 2.5.1 Differences in way of viewing ground range image and orthophoto image
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Fig. 2.5.2 Layout of images during interpretation (rotated so that the exposure direction of the
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3.3.1 FOPEEIOKERFOUEHAETS JONEPAZER AR
Fig. 3.3.1 View of deep-seated landslides and of blockage of river courses after the Kii Peninsula
floor disaster

(i © H23 fefrEE oK BB s Eosk ¥, SR

3.3.2 HiF SAR g ©
Fig. 3.3.2 Single-polarization SAR images

55



BAEATELS
(HH+ IjV) ‘

enEs
(HH+HVEVY) B

l 3.3.3 HladMEA b Lﬁ_&{ﬁ{ﬁ SAR [Hif§ ®
Fig. 3.3.3 Multi-polarization SAR image for comparing visibility
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# 3.3.2 HRFIEEIG & HHAHV BRSO 9
Table 3.3.2 Comparison of visibility of single-polarization images and HH+HV simply-composite

images
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Fig. 3.3.4 Collapsed grounds difficult to detect with single polarization SAR image
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Fig. 3.3.5 Interpretation procedure on landslide disasters
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Legend
2013/7/28
2011/12/23 2012/12/9

421 TerraSAR-X |2 XD 7
Fig. 4.2.1 The area captured by TerraSAR-X

# 421 TerraSAR-X 7 —# DT

Table4.2.1 TerraSAR-X data specification

i H NS SfiRE fiit
Acq. Mode .
Date Inc. angle | Resolution | Pol.
2011/12/23 | StripMap 41° 3m HH
2012/12/9 | StripMap 41° 3m HH
2013/7/28 | StripMap 41° 6m HH/HV
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SER Negeri
Negeri Lim Village

Village

(b)FERREE (2012/12/9)
(b) After landslide (2012/12/9)

Village

T T (ko014
0 0.250.5 1 1.5 2 Inforterr

(©) RIRY Lps#s% (2013/7/28)
(c) After collapse of landslide dam (2013/7/28)

422 TR D SAR g D
Fig. 4.2.2 SAR image of Ambon

423 TYRCODAX o7 SARHitg (GEAREER & REREs) ©
Fig. 4.2.3 Stacking SAR image of Ambon (before-after landslide)

65
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1B L, RIRZ KEROARITH 900mIZ .55 KX B3R 1,700mic E TRA TR Y | HicAiEi 300
mP b S HEE S,

Way Ela River .

\

Village

431 TR OYEmigY
RN NODTREERA)
Fig.4.3.1 Optical image of Ambon
(before collapse of the landslide dam)
(Photograph by the public works ministry of Indonesia)

432 TURVDAK vF U SAR gD
CRIRS NIRRT & R%)
Fig. 432 Stacking SAR image of Ambon
(before-after collapse of the landslide dam)
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A v KRS T BUFARIZEEIZ K0 R LT RIRY LR R D EER K 4.3.1 17, KRY LDTE
EJZ 1% Way Ela River @‘F(;’ﬁ:ﬁ TV . RERY AEFTAG TR 1k mTAHOIZES, AN

TIRBFERWNCRRHISER S VTR Y | B B2idZ < OB T 5,

ﬁzs& LR OBERGOEHEER AR 4.8.2 12777, RGB OFIV YTk, R % 2018347 H 28
H (%), G, BZ 201212 A 9 HERE L, FnLic, B TIE, RIRY LOPREEERT RO

EERPHDS, A< 3&%&% DRERTT 0 BT BRI OME T L2 2md™, KR ATk LT
TR LT 2 U2 K 0 KO LHIEASEEH U 7-#AAY, < Forndh, HUESBER L& ¢
BV | PEERTL D TR DR U= T A T

* 4.4.1 DEM {ERUZHIV o @offRe R i
Table 4.4.1 High-resolution optical satellite images used for creation of the DEM

BEA FRARFE A e AE
WorldView-2 | 0.5m | 2012/10/08 28.0°

QuickBird | 0.5m | 2012/12/29 25.9°
iR | WorldView-2 | 0.5m | 2013/02/02 5.1°
1% | WorldView—1 | 0.5m | 2013/02/05 32.2°
Bl | WorldView—1 | 0.5m | 2013/02/08 40.7°
WorldView—1 | 0.5m | 2013/02/08 41.8°
WorldView-2 | 0.5m | 2013/02/10 18.5°

a—%ﬁﬁlﬂﬁ[ﬁ% 5m
- HEIX - 2013/2/2 %% WorldView-2

441 FIRY DIGFRSDLERTD 2m A v = DEM (Fieh) »
Fig. 4.4.1 2-m mesh DEM (downstream area) after formation but before collapse of the landslide
dam
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Fig. 4.4.2 Investigation of the field situation using satellite images
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5.2.1 DInSARKBHD 77—

Fig. 521  L-band differential synthetic aperture radar
interferometry (DINSAR) processing.
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5.2.2 DInSARE§7> & DT~ BEhpAfitET Rl 7 = —
Fig. 5.2.2 Extraction of candidate locations for landslide movements from L-band differential
synthetic aperture radar interferometry (DINSAR) images.
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D 6 DOEE FIZOVTIL, ALOS DATFARERETO T — 14 7 HifRZIE L T, DInSAR %3
fiti L7=,

% 5.2.1  fRMTICHHV = ALOS/PALSAR [Hif6%5
Table5.2.1 Number of ALOS/PALSAR images used in the analysis

EHFIEE A HEFEEE
MEEE | —# | EES | L —H
P 64 10
FITELE 61 8 65 15
e 408 14 413 21
ALfTEE 409 24 414 24

% 5.2.2 (HEHT—4 : ALOS/PALSAR 7—h A 7" (REFILEIN)
Table 5.2.2 Data used: ALOS/PALSAR archive (region surrounding Nagano Prefecture)

8 5 m A THLE A T
oE K 408 409 061
AR 2 0710 0710 + 0720 2880 + 2890
2007/07/01 2007/01/15 2007/11/05
2007/08/16 2007/07/18 2007/12/21
2007/10/01 2007/09/02 2008/03/22
2008/05/18 2007/10/18 2008/05/07
2008/07/03 2008/01/18 2008/08/07
2008/08/18 2008/03/04 2008/09/22
2008/10/03 2008/04/19 2009/12/26
2009/07/06 2008/06/04 2010/11/13
2009/08/21 2008/07/20 -
2009/10/06 2008/09/04 -
2010/05/24 2008/10/20 -
2010/07/09 2009/01/20 -
BRiBiEn B 2010/08/24 2009/03/07 -
2010/10/09 2009/07/23 -
- 2009/09/07 -
- 2009/10/23 -
- 2010/01/23 -
- 2010/03/10 -
- 2010/04/25 -
- 2010/06/10 -
- 2010/07/26 -
- 2010/09/10 -
- 2010/10/26 -
- 2011/01/26 -
=N 14 24 8
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# 5.2.3 AT —% : ALOS/PALSAR 7 — 1A 75 —4  (ffe)
Table 5.2.3 Data used: ALOS/PALSAR archive (Kii Peninsula )

W oE Fm A THLE 1 TG
1T = = 413 414 064 065
T L—ArLEF 0670 0670 2930 2930
2006/12/22 2006/10/08 2006/12/23 2007/01/09
2007/06/24 2007/01/08 2007/08/10 2007/05/27
2007/08/09 2007/07/11 2007/12/26 2007/07/12
2007/11/09 2007/08/26 2008/12/28 2007/08/27
2008/02/09 2007/10/11 2009/09/30 2008/02/27
2008/03/26 2008/01/11 2009/11/15 2008/05/29
2008/05/11 2008/02/26 2010/05/18 2008/08/29
2008/06/26 2008/04/12 2010/07/03 2008/10/14
2008/09/26 2008/05/28 2010/08/18 2008/11/29
2008/12/27 2008/07/13 2010/10/03 2009/04/16
2009/02/11 2008/08/28 - 2009/12/02
2009/06/29 2008/10/13 - 2010/06/04
WlsieA B 2009/09/29 2009/01/13 - 2010/07/20
2009/11/14 2009/02/28 - 2010/09/04
2009/12/30 2009/07/16 - 2010/10/20
2010/02/14 2009/10/16 - -
2010/04/01 2009/12/01 - -
2010/05/17 2010/01/16 - -
2010/07/02 2010/03/03 - -
2010/08/17 2010/04/18 - -
2010/10/02 2010/06/03 - -
- 2010/07/19 - -
- 2010/09/03 - -
- 2010/10/19 - -
=N 21 24 10 15
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5. 2. 2 MR BEHERAEFTOMEER

BAEHNZR] 5.2.2 D7 m—|Z L7eh3 N, & U-fEFTe THid~= 0 BElEsitasT) & L Chl
MUz, ZORRAK 5238 |7, EFEEIE CIVINANREIL (X 5.24) /2L 332 TEH
40 TIF, FRORER TR A SATEE 29 HETD THIrd~ 0 BBt 2 L7,

138" O'E
1

137" 0'E 137° 30'E 138° 30'E 138" O'E
1 1

0'N

37"

30N

30'N
367

36"

0'M

36"

[
409

(o -
_| ¢ sEzawnsae - : 2
8

137° 0'E 137" 30'E 138" O'E 138° 30'E 138° O'E
195" 300°E 136" 00'E 136" S00°E
= z
£ 2
= 8
=
5 &
3
> £
b LS
= s o
5 &
@ v
i
@ ZENLIRRE
[ ossimizenem
0B5HR (BEEE
_ [ #smize z
S km ‘ MIEET el | R
840 510 20 30 40 o - -
] T —T— T 8
135" 3007E 136" 00'E 135" 300"E

523 L/ FDInSAR Tl L7-#id~~ 0 BEhtfitéipnr (L : REFEUEIZEL, T« i)
Fig.5.2.3 Candidate locations for landslide movement based on L-band DINSAR.
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5. 2. 3 fUMETRYBEIHHRMEHTE 554

AlalDH A~ Bl TR S . DINSAR TR T & 2 #rd~~ 0 BEhoO ik & 2507
BIZOWTEZLT,

HF Y BEIO A NS WA, DInSAR Tl TX7Z2WATHEMER H 5 LB 2 Hivd, AL
COffif L7= ALOS PALSAR Hif# D v 7 /44 XL, mmfiRRERREE— R CL o U hmEB L0
U AHMTENENK 4.Tm, £ 3.2m ThHD, TR LOBMELAFHET L720I2E, e st
NEOEFEEDIC L TUEET 2 0ERNH Y | O 7 LOlii 1 > ORFEE LTESND,
NE< VT Iy THBRE RS, < TF by ZABRZ LY ) A DM E D, AR TR, Loy
M, 7V AHBNIENEIL 6X9 BV BLEOEFEEDIZ L CGHREEIT> T\ D, £ZTC, 1EkL
T PR 1 &7 2/U3H) 30m X 30m &72b, FARIOMHTIE, 220 Tmiign bt
PR AFHAIDT-DIZIE, BT 5X5 7' » FREEDE & F o - fHl 72l 2 R T o
o7z, U123 T, ALOSPALSAR Tl 750 g ORI 29512872 0 | 2 150m
X 150m FEEE (%9 2 J7 m2) OBWELL EORHEZENIZOWT, RHFTRETH D LB bivD, SHIT,
L /3y REEED DInSAR (2 X DB OFHHIRAD G | #% em FREELLEOZBALIN 20 EHhHIXIREECH
HEBZBND,
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5. 2. 4 HHHEFROMYTRYBEEROERRUHIE
DInSAR Wif§7)> DA L7z ird~ 0 BT OV T, RO &3 0 #id~ 0 BEVEHEOHER
OHEZAT-TZ,
(DIE U 7 HIHea OB AR G R 2 O THES R 0 BB O A EORER)S T HEITIZ DN T
3. EREHER LT,
QBMIA~DT 7 B ANKG Tl D ERE SN DEINIOWT, B EZ T -7,
GHIHERTNES 5 2 L 2 UE LToHAIS, ENRE WV EBR IR OV TR, BErEED
MR BB L E 2 T, GPS BELORIE - FHllZFM L=, (BR 5.2.1)
@HH L7 BB GAHETT A BT BSREARANIZEATAMERL LTz THIg =0 #gEo Al ® & o
NCER R — BRI R LT,
Hig~ 0 BENEAE T OB ER> GPS BEWLORE - FHIOFHIZEER 521 (T, Btk
TR EE R EOMIEM BN 5 R EEE DI DRI AR LT,

HE 5.2.1 Bidghs (1) EGPSHlE (T) ofl
b REFIR L PNET PEEELPE AR
T REPEYINIT fE T
Photo 5.2.1 (top) Example of local survey and (bottom) Global
Positioning System (GPS) survey.
[ Top: Nagano-Pref., west side of Mount Nishitate. ]
Bottom: Nagano-Pref., Mount Inago.
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T4 SAR g7 DA L7~ 0 BEhfifitaia & < OHERRITR 524, K 525 TRk
D ThHD, HIETIE, BHFHEIC LV BEZHES L&, T, SFEREEEH BE S TE 5
R B D EFTA (O - EMHIERE) & Uiz, BESSREERAMRIEITOHT =0 AR Y CHid <
Y HTE LHE SHTODHERT, UL, BHTHBERE G CORE AR SR D3t L Higi S T
WHERTE, [A  IEROFEEMED Y | & Uiz, BRAGFOTIEDORGINRROENZ X544
& Lie, E7z, HEMNZEADREFTL, #REROFEPHEETE TR0 DRI OEFTCH 5,

# 524 FEHTHWEGOOHIH Uz THI Y BaEhegitEiT) SHEER (REIREER)
Table 5.2.4 “Candidate locations for landslide movement based on DInSAR” and verification
(region surrounding Nagano Prefecture)
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# 5.25 ZEHTUmiGEoRIH Uz THI 0 BaEhfeaitEsT) &HEmR oem)
Table 5.2.5 “Candidate locations for landslide movement based on DInSAR” and verification (Kii
Peninsula)
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ZOREREFEL DD L, ODELEBY ThoT,

- EMERIEMEDS TR, (ORI, BIHFRA ORISR 5 &, SFEEEIORERD 2 E)

EMEOFTREMA U A3 19 (&P, (Z ORI, Hid~~= 0 MBSt V 23 17 (&, fdtirf)
PRGN 2 TEAT)
- ARIEfRAS O EFT, (ZORMUE, BIHGRAORS RS 6 T, SREEEIOREREA 3 T

BRSO L RPSSEDRIGAN RSN 6 (T, (COMRUE, BUHGHEOR R 4 @7, SRR
FERAS 2 (R
- IEfRINE D DATRAERTAS 28 AT,
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5. 2. 5 EIFREEMICEK ST RY BEHRMHERTOREZEH
L FAW

B 5.2.4 1%, EBFEICZERVNFREILFEHRIZIST 5 DInSAR (2 X HHd~~= 0 BBt
ORISR TH 5, = 2T, B3 2 % SAR 7 —# 7> 543K L7~ DInSAR O 4 g 2330
T, [FICE D 7ehr@ CABREIG BN T D, £ LT, 20 DInSAR BEHEIZ & 2 Hid~~= 0 B@hisdf
FERTOHT Y BEI/OF A M OFHAFER) HifEE L7, DInSAR Hifg T~ 0 Bahmitg Bl -
FEWEACZE2R NSFIRE LR RO Z o= U 7 CiE, M9~ BENER O ik cbkEtss
HinRo BEbuc L oBEhE (K 5.25) T 2 L4k, 2RO ETEIC X 5 HHEE)
iR (X 5.2.6) 2L TV, 20 2 SOFEFREFIC LY, ZoOfFTciL, Hird v g
L AMFEBEHER CTX /-, X512 DInSAR M-~V BEiEL, HTvBiHHL b T
D, ZO2O0FETY T L0 R ATREE A R LT,

& EPERCHILNE |
FeERL -7

[ b AR BB R DR |
| BASEORAEE

(2007/9/2 & 2007/10/18)

PR P SRRy e

(2009/7/23 & 2009/9/7) (2010/7/26 & 2010/9/10)
Analysis by NILIM from ALOS raw data of JAXA, METI
5.2.4 TV SAR Tl L7t NEBE T
(RWEACZERY FREL)  (GEX - )
Fig. 5.24 Examples of landslide movement extraction using L-band
DInSAR images at Nagano-Prefecture, Mount Akakura.
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5.2.5 BEHMOZALRI  (0124F9H26 H A H20124E11H1I3H £ T) 2
IRt - KPR L, BT AR, 5305 HIL T &,
T H23 7L Vg - fifi2E L—Y i)
Fig.5.25 Reference stud displacement (September 26 to November 13, 2012)
(Red line: vertical displacement level; black characters: daily displacement; blue characters: daily sinkage;
Background: height lines of ortho-images, airplane laser in 2011)

(8« B LRRONZEE T IS n B s & (LRt & R AR IS8T, 2013) [X13.3. 14 1)

L= 130m.
=56~68m/H.

5.2.6 ZEPHEA/L Y BIEOMEH (2007410 32 520094F9 7 £T) »
Fig.5.2.6 Comparison of aerial photograph ortho-images captured in October 2007 and September
2009.

(HHl s B LRRANZEE I RIS A s S (AL R AR ST, 2013) L)
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@ ki

B 5.2.7 1%, fefREsofE LR EAT FHGERIZI51T 5 DInSAR HifflZ k4 Hd = 0 BT
HEFITHD, Z 2 THEMIA RS 2010 45 SAR 7—# 1 BERK L 7213450 DInSAR Hif§2$
WT, AU & 9 220 CABREEE B T D, £ 2 TRADOE T U & 7 OBHIEEEHT K 2 iRk
BEAToTz, ZORK, ZOHT ) BEMEMAERTCIL, 1S 1986 FENbARNEA AR L, R

D3ERIE LT-FLNERKTC 2007 4F 3 H~11 AEIZ 20~30ecm/FFEE DN R ST, £ L
T, 2011 4 6,7,9 A OZRRRHAED S RAE LTz, 2 LT 2013 FRZIRDY GPS BEWTCALPMERIEHT
L 2 BIHFHA 2o CHM LT, P L7t~ a3 Y 7 (¥ 5.2.8) 1%, 2010 4FELHID
DInSAR HE{GOZEH G & [FRkDT U 7 Th o7z, ZOFliZ, DInSAR 7SAREEIC K 5 SEEFAERTN )N
IRRBEN OIS~ T A T B AMEME 2 NR LT D,

2010/6/3 and 2010/9/3 2010/7/19 and 2010/10/19

527 L/ K DINSAR [Eif§ic & D HigimZsshooshitigs] Rk LR ESAm R R - )
Fig.5.2.7 Examples of landslide movement extraction using L-band DInSAR images in Tababe-City, Kamiakizu,

Kii Peninsula.

%ﬁfﬂ @ )UJ'(

) “ 1 @ s
SR / ,’ ® GPSHilA
N !f f(/-" f‘? 8 / r s
¢ /
V. A M \ ),4..,".% \¢ fam s
0 100 200 i
| — e— Vi __\ Of&’g"«@i@ﬁ/

><ﬁ? %’ﬁﬂﬂﬁa‘«‘onﬂﬁ MRy 2 e ) k|
5.2.8  HAELOHIT ROFEORER (2013 45 3 H 5 H~11 A 22 A GPS &l
(262 A . Faki L G rE A RBURARESRLY)
Fig. 5.2.8 Results of investigation of landslide after collapse based on GPS measurement over
262 days from March 5 to November 22, 2013, recorded by the Forestry Affairs
Division, Nishimuro Development Bureau, Wakayama-Prefecture.
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5. 2. 6 MEZTLIOFIEMHHERRORHE

Z ZC. DInSAR g~ bt L7z g~ 0 BaEhfpfitanTs, BUtEHEORR, R ir L Tnd
ATREPEDME N & HIWT L735ATC DT, JFIRABLE LT,

DInSAR {2 X RN OAIEfEhHERT & UC TEH 2 P CH s ofim ) o9
B SH Y . T OHMIIIAREMRRE & 72 0 0T W e B HND, FO1H1E LCL, EREFET
ESENRIL, KRRIUDH D, 0T 5.2.9 (T RE RSB i EE NR I, RIRILTI,
DInSAR [Eif§ CUHRDNLEICABES MR Sz, Loy L7Rs HEUMIFHA U7R5R, RImAmiyvE L
TWDIRBUTR DR oTz, ZOJFKE LTI, [JEFHZ O E 7 MsTlg) JEA Clavkz&<sy
A ARY—O 10 D LB 2 DI, FHUCS X0 B ORI L L. RRUBIERGEA A L 7= A]
REMEDRS S D,

F7-. DInSAR O Ef#fh & 72 > 7= MFEORHSRD 2 58 & UCiE, Raf) 1 sl B3 244 )
Motz ZOFE LRk E TiETE 6 )70 DInSAR Hifg 4K 5.2.10 (29, B4 L7-
FESE, FAKILRETE T 1 7 VTR, RHEZANAVE U T SIRBUT R O80T, Z OEHT
DX BRI RSS2 ) (20T, KRR RE—® L0 | At & 7
DT NEBZ LD,

o SN 70>
g, A

vvvvvv

2010/7/19 & 2010/8/24

5.2.9 BNHIRT LA TIEE LK D)
Fig.5.29 DInSAR image and situation at Toyohira.
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. —— —
D 250 500 1,000 1,500 i T

2007/6/24 & 2008/6/26

5.2.10 HrEviFlcki s TG Gl . P )
Fig.5.2.10 DInSAR image and situation at Shingu-Saihou, Kii Peninsula.

86



5. 3 GPSEEICK BT RYBEHEHEEFROMISEY FEFE)

5. 3. 1 ZEHTHERELBEDOKERRE

X 5.8.1 (%, EEFREFRAVEAENINEITRE EHIZ350 5 DInSAR HfRIC L 2 Mg~~~ V) BaEhpddiiEiT o
T FEFICTH D, Z ZTHEHIHAR/2 5 SAR 7 —4 D> HAER L 7= DInSAR O 4 [Bf&IZ3\\ T, (1
AR OR U & 5 285 CABEEIG S EN T D, ZOfFTL, /i 5® 12X Y DInSAR i)
DAREZRIGUTHIN ST 32 < OHEF ) BEEEFTO—o & LTl SivTuz, UL,
TR0 B OGRS ORI X F 2 ST Rd o T, ZOEETNE, BT ZHROHIE
DB, FENFHFETHTICE < OREIDHER CTE 5, I OI2, i f-E (EAHN) 14 K 5.8.2
R L9, TP 887 42 8 A D HALIEDOHIE (R — AUEOWREIIIE) | AL TRA)
BB (7 3.5 8 m®) | OFAFIRICH D 15T SHTEBY | ZOSEOHEE HIPHERI T,
BUE, 2L DAFEMEET D, £Z T, b L DInSAR M Sl S 72 A EIN IEME T, AR EN

]! RN
~ I A N FOYSfREA

IR 5.3.2 $HBTYTE (FAE) LA
i B

S007/7/1.L 2009/8/21. 2008/7/3 = 2009/8/21

53.1 JREFIRVEAR/ IR _RE - Z R0 D4 |
g (O - 9 ) I
Fig.5.3.1 Examples oflandslide movement extraction |
using L-band DInSAR images at Nagano- |
Prefecture, Mount Inago. [

Fig. 5.3.2 Location of the target area
(yellow dotted lines) and
Otsuki river debris flow
Higle : TRADRIRS 2 L5ditsR) AiLs B E,2011,P36 kY
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S LTHNTIE, ARSI D L BT L C. NIRRT 572310 GPS BB
B2 L,

5. 3. 2 GPS;RIEDEH

GPS HIEAE i+ AFHASIE, BRILENSDOT 7 AL EE oo, BEIED) % DInSAR #i
BLTFRLT, RO EBYIEE LIz, P-1~P-3 DirE#K 5.3.3 177,

P-1: DInSAR Eifg/ D L7-BEhENKE W U 7, BEhnH 5558 EEEZ RN T

2 ATREMEDSE N,
P-2 : BE 7 v v 7 OFPHZHEET 5 BRI TRRIE, B L CuWun= U 7N CERUTE ET & T
18,

P-3 : BUEDORE Zohig - HAOBENOA A S5 H B TRkiE,
P-4 : REiiE LT, fESIRTY 7 OIMNTRHIE,

138" 21'E 138" 22°E 138" 28°E
L

=1

b

36" 2'N

36" 2N

367 1N

m 2
0 - 250/‘ 500 - 1,000 1,500 2,000 s

RMILE

T b A
138" 21'E 138" 22°E 138" 23°E

5.3.3 ZSHEhIEIR L4 GPS FHAS G - ¥ )
Fig. 5.3.3 L-band DInSAR images and observation points
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GPS &L, (EFAVER) AR, TR, FEro 3 mABmA s Uiz 1 fEESHIET, 1
[B1H 2013/10/23. 2 [A1H 2014/10/29. 3 [H1H 2015/8/4 Mt 3 FHAIZRBWTHE L7-, fYDOFEAZ
TR L. GNSSHIEIZ L2 22T ¢ v 7 FRUT LD P15 P-4 D 4 fUIZO0W T, AKEALER
SONHEE AR Ue, BHARFREIE, 3 B s Uiz, 7ob, P-4 13t A R8s s L CERAIL 7=,

(X 5.3.4)

W BITTE : GNSS IR LD A2 T 1 v 7 T3
W PR (EEARERD IBYER, TR 57

020979
IR R

5.3.4 GNSS BRI 51X
Fig. 5.3.4 GNSS Observation points
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(1) GPS RIE#ER

P-1 75 P-4 @ 4 jIZo0C, 1[RIE 2018/10/23, 2 [B1H 2014/10/29, 3 [A1H 2015/8/4 @ 3 Ko
PR A L U, BEhEA MR Uiz, K0l & HALERE 2 n TR, B Ama AR
ST OED DRI OKEALE : 10em) (ZIE > TR , GNSS BHlFER L L CRE N &
R LTz, 20 3 KD GPS RN B DI KRR OB, F K OMENER 213, & 5.8.1,
#* 532, & 533DLBVTHD, ZIIT, JEETGIS ECTORNEHZZE L, XHsab5m),
Y ASEEA LRI OBCFEEERIC T E W E LD (IR X iS5, Y S BpE 5 T
%),

# 5.3.1 WHEFR 1LEH) [Hrm]

Table 5.3.1 Measurement results (first) (unit: m)

\ i s | e
[ERESUELHI H 7 IR X Y 7 KT ()
P-1 -10,947.393 | 4,386.021 | 2,030.498 | 0.011 0.014
1HH P-2 -11,693.057 | 4,377.152 | 2,345.457 | 0.011 0.014
2013/10/23 P-3 -11,738.349 | 3,516.894 | 2,379.583 | 0.011 0.014
P-4 -13,275.472 | 6,486.738 | 2,125.205 | 0.011 0.014
* 5.3.2 HEMR Q2FH) [HArm]
Table 5.3.2 Measurement results (2nd) (unit: m)
[EEESUEHHI A AR X Y Z —— #?@1:1%;%
OKHACE) | (Fs)
P-1 -10,947.297 | 4,386.088 | 2,030.492 | 0.012 0.052
9 [lF P-2 -11,693.050 | 4,377.160 | 2,345511 | 0.011 0.049
2014/10/29 P-3 -11,738.317 | 3,516.892 | 2,379.663 | 0.012 0.049
P-4 -13,275.469 | 6,486.760 | 2,125.245 | 0.012 0.051
# 5.3.3 HIEFER B EHE) HArm]
Table 5.3.3 Measurement results (3rd) (unit: m)
\ N B | R
[BHSUBLR A A IR X Y 7 KT )
P-1 -10,947.271 | 4,386.113 | 2,030.423 | 0.008 0.038
3[ml[ P-2 -11,693.059 | 4,377.169 | 2,345.476 | 0.007 0.036
2015/8/4 P-3 -11,738.309 | 3,516.898 | 2,379.636 | 0.007 0.036
P-4 -13,275.475 | 6,486.742 | 2,125.256 | 0.007 0.037
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FRAIZIT DHFRIOELZFE L, BEIEEZR 534, & 535, & 536I2FLHic, ZDHHK
FHENZHONWT 1A ZJFRICEE L, 2 [|1H & 3 [BIHOBEME L BT ER 5.3.6 D77 71Tk
. T LT, BRHRONLE L AKETmo 1ElH & 3[alH oBEiE & BEjmZE 5.3.6 (TR,

7 5.3.4 1[HHE (PFRk25410 A 23 H) L 2EH (CF% 26410 A 29 H) Dkt
Table 5.3.4 Comparison of 1st (Oct. 23, 2013) and 2nd (Oct. 29, 2014)

AT AX[m] AY[m] AZ[m]
P-1 0.096 0.067 -0.006
P-2 0.007 0.008 0.054
P-3 0.032 -0.002 0.080
P-4 0.003 0.022 0.040

*1[a|H & 2BHOBAEE : 371 A

# 535 2[H CF%264E10 H29 A) & 3EIH CPRk274-8 H 4 H) DHIK
Table 5.3.5 Comparison of 2nd (Oct. 29, 2014) and 3rd (Aug. 4, 2015)

AR AX[m] AY[m] AZ[m]
P-1 0.026 0.025 -0.069
p-2 -0.009 0.009 -0.035
pP-3 0.008 0.006 -0.027
P-4 -0.006 -0.018 0.011

*2 [a|H & 3B H o HEbE - 279 H

# 536 1[EH (PFpk254:10 H 23 H) & 3EIE (CF274:8 H 4 H) DK
Table 5.3.6 Comparison of 1st (Oct. 23, 2013) and 3rd (Aug. 4, 2015)

A IR AX[m] AY[m] AZ[m]
P-1 0.122 0.092 -0.075
P2 -0.002 0.017 0.019
P-3 0.040 0.004 0.053
P-4 -0.003 0.004 0.051

*1[\IE & 3 [=1H O B : 650 H
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Fig. 5.3.5 Quantity of movement and direction of movement at each measurement point
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Fig. 5.3.6 Quantity of movement and direction of movement at each measurement point

93



2) AERGHRBENE S HORES

HEREROHERIZ &> TR N O BEEDAERMENE S e 2584EL LT, T XS
RREZHEE L, HIET D 2 &2, 738, GNSS RTINS L Y bEriEIT RO
RN, BRERE O RE D 2 L2 h, HEITAKPEN DA EZNTIT) 2L L LT

[fREnE 2 5]
GNSS AIEIZBW T, JAIER RO IMFER A L > TH O 5, SRR ERSAIIHE D
Z L ERHEE U CGRAEDEREEZZET D L. n [BIHOBHIOEEREZ a . nt+1 [BIH OBTHIOZEER
Fkp & LA, nlBlH & n+l [\ HOREBROZEOE R T, vYa® +b® Ttkans,
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AR LT HEE ORGSR, AN LR RZR 5.3.7 /B 5.3.9 (TR,

7 537 1[FE (Frk254-10 A 23 H) & 2EE (Fpk264-10 H 29 H) DLk
Table 5.3.7 Comparison of 1st (Oct. 23, 2013) and 2nd (Oct. 29, 2014)

SR AX AY AR | HEERRRAE o R
[m] [m] [m] K [m]
P-1 0.096 0.067 0.117 0.033 BB HEENDDZED 5D,
P-2 0.007 0.008 0.011 0.031
P-3 0.032 -0.002 0.032 0.033
P-4 0.003 0.022 0.022 0.033

# 5.3.8 2[AH (F¥ak26410 H 29 H) & 3R (CH 2748 H 4 H) DLk
Table 5.3.8 Comparison of 2nd (Oct. 29, 2014) and 3rd (Aug. 4, 2015)

o AX AY ACEENL | HEERRGEE A
[m] [m] [m] KF) [m]
P-1 0.026 0.025 0.036 0.029 HEIHFRIENDG8D HiLD,
P-2 -0.009 0.009 0.013 0.026
P-3 0.008 0.006 0.010 0.028
P-4 -0.006 -0.018 0.019 0.028

# 539 1HH (CEak254:10 H 23 H) & 3HIE (CHR2748 H 4 H) DK
Table 5.3.9 Comparison of 1st (Oct. 23, 2013) and 3rd (Aug. 4, 2015)

S AX AY KN | HEERRREAE -

[m] [m] [m] (OKF) [m]
P-1 0.122 0.092 0.153 0.027 HRISHEENIDZED HILD,
P-2 -0.002 | 0.017 0.017 0.026
P-3 0.040 0.004 0.040 0.026 BEIRHMEBAIRD HND,
P-4 -0.003 | 0.004 0.005 0.026
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5. 3. 3 MIFRYBHHEROMHERER

PIERERL Y, P 1EA & 2RIH, 2RI E 3[EIH, 1[EIHE 3EIHOETIZHBWT, P3iX1
mH & 3EIBEIZHBWT, AERERAEMDTED v, HEREROELITEBEL I, 20T
SAR it OfERSoRHE A S —E LT\ D, F7o, P2 & P43, AERHERAEMITEED i
Motz ZD XY | FEF-EAHECE L= S o mOBEMATIL, 3 5.3.10 DX HITELHH
Wb, D9 H, AEAHFIBEINGED btz P-1 fhird P-3 fhroBtEE4BER 5.3.1 (T~ T,

# 5.3.10 Fa-EFHAFHAOR SO MZBFEENRILE & D
Table 5.3.10 Summarization of state of movement of ground surface at each point measured near
Mt. Inagodake

) HER
AT I E ORBERMRT
gl — R OBERRDL
P 50 A B e IR R EN) 2R B, SR S - @l 85.9mm/4E
THY ., FHAISEOFTEREL KX,
P-2 L BB HER B 3580 B,
HEI MR ENGED B, FHll S -BEIEIX P-1 0B L% 1/4 12
P-3 HY
FED 22 5mm/AETH 5,
P-4 L (RELSEHAD AR 7R E BN I5R0 HIL7au ),

B GPS FHIRERZZT T, SHYFTERE CAROMISSHEROBRINA TE 5 L 512, BEA
WOERE T HDRWEIE, KOBIHRT 2 BVARThH HRIPIR, /INfHT, Rt L, P 887
O EREE, DInSAR R, GPS FHUER A OB FEIRv N L T D & 2HIE
FEFATOUNT, 2015411 A 6 HIZHEHE L7,

728, W EHEDERROERE CTh HHWEBEIZBW T, fa I RT 5 Zotid<
DRz AR OB X I, RFEERL - RitETH -7,
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Photo 5.3.1 GPS measurement points on the moving mountains
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Fig. 5.4.1 Judgment of the field work priority of the landslide movement candidate points
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5. 5. 1 UMICEITETFHIEOFHE
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Fig. 55.2 Mask image; white represents
mountainous regions.

55.1 &M% (ALOS pan-sharpened image)
Fig.5.5.1 Optical image (ALOS pan-sharpened image).
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Fig. 5.5.3 Relationship of distance between orbits and interference (orbit No. 409).

THUDEE 276 BIRICIIT B TR R & TIL (B0 10 FELL EOFEH) 123V TSN R
100



R OES ) & THGVER O L7-~27 SAR T —# MoEmEgE) ORREZ T L7-As TR

75:[21 55.3 17, £ LT, K 5.5.8 DERIZEBNTL, BBAERRCHA L7z~7 SAR 7—# 22\
. B2 BRI 500 BLL DAY [T 7 —Z OWT IO ORRERENNS 12 H~3 A FESH)

R k M THEELT-, ZOB 55305, IRD 3 SDMEMIN DD,
- FHEHIO SAR 7 —# 2T 5 L FUMEME T2, ZORKRE LT, FEEICL > THiERE DR
DMNKELS B L2 ERBXOND,

« X7 SAR 7 — % ORGEMEERED NSNS ETHED BV, FHZ 500m INTE & TR BAFCTh
Do

- WLAMEEEE 500m LA, M OFESHO A TH, g HRIRS RV E THME T35 2 &2
H% (k23 500 HLAET 1,/ 3TREEDHE)

5. 5. 2 MIRYBEHHOMEARAIORERESHT

DInSAR |2 & B H3~ 0 BEhEfitEihtc i) 5. RSB ORE T4 £l L 7=, DInSAR
TEU 2 B8, AL ROEGE 2 [ DS, FOIER & R T AL %%ém5smz®%
SO, HER L MEMOFZSIEECH Y | [F CAHRBENE CTH > CHRNRIOM & &> TR S
5%@%iﬂﬁéoﬁziﬂ554_mTkk@\%ﬁﬁpfﬁﬁ%%%®%éﬂﬁﬁ%ﬂﬁjK%
AC Tpgm Rl ORFREBENIE LMK | BEIED MU G6- 2 ORI IREE L 72 n 2 &
NTESIS,

N N
EHAIZESAL FHRIZERL
y g—/ \ %
Mg waaﬂ?“ V| - FAREON Mgy “agﬁ RARED
y | REM LRI
RO ISR % A B3 SR ORI A A D5

5.5.4 FhrTm & TS A RFTIZ K 2 Mt 258 05 HREEE
Fig. 554  Slope direction and sensitivity of ground surface movement measurement
determined by using synthetic aperture radar (SAR) interferometry.
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Fig. 555 Measurement sensitivity for ground surface variations based on slope orientation and
ALOS interference in synthetic aperture radar (SAR) analysis.
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Fig. 6.1.5 Flow Chart of reproduction of ground surface  Fig. 6.1.6 Earthquake induced ground surface
displacement during an earthquake by SAR displacement characteristics
interferometry abstraction flow chart
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6. 2 ENTHEIRO/ER

6. 2. 1 ZEHTSERNEBICRAL=—V
- U—RETT
IR K DRI B2 R T 57201203, TSI 2 HERTTZ TS A 72 2254
BRVETH D, 2T, EP EIAREEZ 5 & U= T3 SAR T &2 556635 7, ekt
ZEte ALOS PALSAR it 5 6, WEREEE R S D, FUED R0 g A fEk ¢ &
DHRREMED NS D LB 2 BN HHIER %D ALOS PALSAR B %43 6.2.1 DBV I®RE L, £,
i L= 7 — 213, HEERT#% O L3> K ALOS PALSAR &/ fi#REE— | Level 1.0 Th 5,

3 6.2.1 BahIfE L7z ALOS PALSAR 7 —% (& « ErdlpNfiEthiE)
Table 6.2.1 ALOS PALSAR data used for the study (the 2008 Iwate-
Miyagi Inland Earthquake)

el PUEES | 7L—i%Ks | BUIA
2007/2/3
2007/6/21
2007/8/6
2007/9/21
2008/3/23
2008/6/23
2009/2/8
2010/9/29
2007/1/14
2007/8/29
2007/10/14
2008/1/14
2008/5/31
2008/7/16
2009/10/19
2009/12/4
2010/6/6
2010/7/22
2010/10/22
2011/1/22
RSB FRNTI BT L7 ORI B & K7 TR T

A TiE 402 0770

FE1 THE 057 2830
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6. 2. 2 ENTHEAEDIER

#£ 6.2.1 |T~ T ABHHIH O ALOS PALSAR Wi 2 HIERR T 0D~<7 £ 725 K5 ITAGhED L L
HIZ, v I A LUK, T U ALRNSENEI 6X9 ERRE LT, 2o TSR ARk L
Too 728, VB L7222 TR 1 B 7 2O R E S13K 30mX30m CTh b, THMEN BAF72 i
ERGET L0 L= 220 T, B 6.2.1 (nd I T#6E 28 #. X 6.2.2 (=3 R Tl
1H 66 B Th 5,

- J )
20070203t0200 20070203t0200 20070203t0200 20070203t0200 20070203to200  20070203to200  20070203t0201

70621.tif 70806.tif 70921.tif 80323.tif 80623.tif 90208.tif 00929.tif

20070621t0200 20070621to200  20070621to200 20070621t0200 20070621to200 20070621to201 20070806t0200
70806.tif 70921.tif 80323.tif 80623.tif 90208.tif 00929.tif 70921.tif

20070806t0200 20070806t0200 20070806t0200 20070806t0o201  20070921to200 20070921to200 20070921tc200
80323.tif 80623.tif 90208.tif 00929.tif 80323.tif 80623.tif 90208.tif

20070921t0201 20080323t0200 20080323t0200 20080323to201 20080623t0200 20080623to201  20090208to201
00929.tif 80623.tif 90208.tif 00929.tif 90208.tif 00929.tif 00929.tif

Analysis by NILIM from ALOS raw data of JAXA, METI

6.2.1 Foy g (HTHnE  #uEE s 402)
Fig. 6.2.1 Differential Interferogram (ascending orbit, Orbit No. 402)
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20070714t0200 20070714to200 20070714to200 20070714t0200 20070714t0200 20070714t0200 20070714to200
70829.tif 71014.tif 80114.tif 80531.tif 80716.tif 91019.tif 91204.tif

20070714t0201 20070714to201 20070714to201 20070714to201 20070829t0200 20070829to200 20070829t0200
00606.tif 00722.tif 01022.tif 10122.tif 71014.tif 80114.tif 80531.tif

20070829t0200 20070829t0200 20070829tc200 20070829to201 20070829to201 20070829to201 20070829t0201
80716.tif 91019.tif 91204.tif 00606.tif 00722.tif 01022.tif 10122.tif

0y

20071014t0200 20071014to200 20071014to200 20071014to200 20071014to200 20071014to201 20071014to201
80114.tif 80531.tif 80716.tif 91019.tif 91204.tif 00606.tif 00722.tif

20071014t0201 20071014to201 20080114to200 20080114to200 20080114to200 20080114to200 20080114to201
01022.tif 10122.tif 80531.tif 80716.tif 91019.tif 91204.tif 00606.tif

20080114t0o201 20080114to201 20080114to201 20080531to200 20080531to200 20080531to200 20080531to201
00722.tif 01022.tif 10122.tif 80716.tif 91019.tif 91204.tif 00606.tif

20080531t0201  20080531to201 20080531to201 20080716t0200 20080716t0200 20080716to201 20080716t0201
00722.tif 01022.tif 10122.tif 91019.tif 91204.tif 00606.tif 00722.tif

20080716t0201 20080716to201 20091019t0200 20091019t0201 20091019to201 20091019to201 20091019to201
01022.tif 10122.tif 91204.tif 00606.tif 00722.tif 01022.tif 10122.tif

20091204t0201 20091204to201 20091204t0201 20100606tc201 20100606t0201 20100606t0201
00722.tif 01022.tif 10122.tif 00722.tif 01022.tif 10122.tif

. Analysis by NILIM from ALOS raw data of JAXA, METT

20100722t0201 20100722to201 20101022t0201
01022.tif 10122.tif 10122.tif

6.2.2 ZEoy TG (F{THNE  BuEES 057)
Fig. 6.2.2 Differential Interferogram (descending orbit, Orbit No. 057)

110



VERR U725 220 TBHE O FPEZ R U CL fTID FUEDS B2 22 5 T {5 2 AL Tl
3K, FTHE 4 fr. FNTILERE Lis, B Lo Ay TG Cff i L7- ALOS PALSAR [Hif%
AT O H A 6.2.2 177,

& 6.2.2 Fib SR T CHEAY SEIRDEAEHE

Table 6.2.2 Combination of images used for Interferometric SAR

HE 5] iR~ (HRi% B)
2007/6/21 2008/6/23
A THE 2007/8/6 2008/6/23
2007/9/21 2008/6/23
2007/7/14 2008/7/16
— 2007/8/29 2008/7/16
2007/8/29 2009/12/4
2008/5/31 2010/10/22

F 6.22 TERELEAATIZONT, THUHOES, 2 BT —2nb, ab— LU RAZEE LT,
ab—L L AMERE AR LT, ab—L o 20ER AR 6.2.1 (230D

Zsl,ksz,k
k

V= — —
\/Z Sk Sk z SokS2k
k k

ap—L Uy
FUAH © Ly

H6.2.1

ST, RABIGOEEEI (BERE) . K 13 E— L2 AT BRI 5 E 0
AT I AEFT, Ab—L AL 2EEOMEEZELTEY, ab— L ZARETHUE 2 Jifgo

FRBSE <. BB TAHDEIER SN L 2 EWRT 5,

HE 725 62.2 D ALOS PALSAR <7 & Ol L, FE0FWigR 0= £ — Lo %
fESE#X 6.2.3 ~ X 6.2.16 1277,
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(1) AATHE

+11.8cm 41.8cm LKA

510 20 30 )
km| =

6.2.3 T : 2007/6/21 & 2008/6/23 DT
Fig. 6.2.3 Differential Interferogram: June 21, 2007 and June 23, 2008
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Fig. 6.2.4 Coherence: June 21, 2007 and June 23, 2008
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+18em “118em [ w

6.2.5 T¥fE : 2007/8/6 & 2008/6/23 D7
Fig. 6.2.5 Differential Interferogram: August 6, 2007 and June 23, 2008
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6.2.6 = E—L AfH : 2007/8/6 & 2008/6/23 DT
Fig. 6.2.6 Coherence: August 6, 2007 and June 23, 2008
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L

+11.8cm -118cm

510 20 3 )
km

6.2.7 TR 1 2007/9/21 & 2008/6/23 DT
Fig. 6.2.7 Differential Interferogram: September 21, 2007 and June 23, 2008

ab-LAfE
.0070.1
.01 -02
DOQ*OS
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6.2.8 Zb—LAfH : 2007/9/21 & 2008/6/23 D7
Fig. 6.2.8 Coherence : September 21, 2007 and June 23, 2008
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(2) FafTENE

5 10 20 30 20 T - 4xA

km +180m -11.8cm

6.2.9 Tl : 2007/7/14 & 2008/7/16 O>~X7
Fig. 6.2.9 Differential Interferogram: July 14, 2007 and July 16, 2008

ab-LAfE
. 00-01 I
. 01-02

40
km

e

6.2.10 = b—L > i : 2007/7/14 & 2008/7/16 DT
Fig. 6.2.10 Coherence : July 14, 2007 and July 16, 2008
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+118cm -118cm
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6.2.11 Tk : 2007/8/29 & 2008/7/16 1>~X7
Fig. 6.2.11 Differential Interferogram: August 29, 2007 and July 16, 2008
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Fig. 6.2.12 Coherence : August 29, 2007 and July 16, 2008
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3

5 10 20 30 0 - KA

km +11.8em ~118em

6.2.13 T - 2007/8/29 & 2009/12/4 DT
Fig. 6.2.13 Differential Interferogram: August 29, 2007 and December 4, 2009
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Fig. 6.2.14 Coherence : August 29, 2007 and December 4, 2009

117



I

510 20 30 0 - KA

km +11.8em ~118em i

6.2.15 T - 2008/5/31 & 2010/10/22 D7)
Fig. 6.2.15 Differential Interferogram: May 31, 2008 and October 22, 2010
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Fig. 6.2.16 Coherence : May 31, 2008 and October 22, 2010
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6. 2. 3 TFHiEEHE

TR, b — L AMEREIRD D 003D K ICERATEOER TIEA2 0 FUERE, Fiz, T
WEE LT EROMAE DI Lo TE, TEHIESEOAZ DAL, FHIFE THuED 2007/8/29 &
2009/12/4 D7 L 2008/5/31 & 2010/10/22 DT I ZFUNTHITHEMEIMEY EIAS 2, Z R
RE OIS MU OFAEHOETIHIE 1 FETHHOIZH L, 2844 A EEL, 4T B O
NEEBOFEN SN b D EHEERIND, £72, TWRE b — L U ZEOIIGN D, T
MTEDHAL—L U AMETBELZ 0.7 ETHD Z EDHERTE 5,

6. 3 7VSvELITNE

6. 3. 1 7Y35vyE2JE (Unwrapping)

NARZENE 2 SOEEI COBNAZAFIT 528, A 27 DA o720, BlllSNDDIE 27
DREIGBOHRTHD, e NHRT v 7ENTWD] L5, T2 T, FEONELTREZDHT-
DOITIE, B SNIAFIZENSEONMZEEZ RO S Z L $habb Wiz T T v 745 BN
BHD,

T Ty TR,

1. T_TOEZ BN, ) DFPHIZ 8 5

2. BEELT-E 7 B/LCREDNE D NTERE L TV D
EWVOGED T T, EOMARENBENTH 5 SHE 2 VT TN 5,

ARWERL UT= 755 THiG: 7 77126k LC, LA F ORI/~ 9, Branch Cut 74 & Minimum Cost
Flow {54 0 20T 7 » 0 W EAE Z e FE e LT, BRI ~OZ N ) 2R H
L7z,

B 6.2.3~X 6.2.16 TRL7-K 51T, BRISHEONEEBDKE W, fisMdie Th b, €2
C. Branch Cut #£& Minimum Cost Flow 7AI3362, &7 2/HWEDEfEZEZTHEEES Lot
—L U RERWz, Tr 7y B 7 OBEEER 631107, THHEIE » ORI THY | A
725, TR NIEEEEI AT 5720, Ziadkil 725 K5I T 5,

M 631 77y ol
Fig. 6.3.1 Concept of unwrapping
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) 7r3vELTEOBER

« Branch Cut %

Branch Cut 7% (LAF, BC i) 1 INAHOBHGHEREA MY MERIZ & 2 2SO BVERIMGHND )7
ETHD, BC KL, FAFETEZ, BESNRINOFN 0 L7325 X528t 5, ZDXLHITLT
PE S8R (branch) Z77 > B L, RELZELRNVL Y IRETT VT v 7REREFTH, 1y hD
WREBIZ K-> Tk, TUHERS JVINE L7-58lARAE L 5 D, FHT. 2 AOEIEREI ORISR AT
ATV, GAMMA SAR TiHE= b — L o AR CORRR R B NZ b TRy, m=
b— L A EE S D VHEAAR /A RFERICHIR L CT > T v 795 Z LI K W REZEO DR ERN
Fohd, BCIETIR Ty 7y B 7T HRRRARET H72012, BEV A 5 &7 /U ChrfizEn
AU T THDHZEHEL TS, HAEREONIZ LL TS EE, HHE T RANLRDOE 7 &
NS TIEDE 7 BMIRSTL D X AR 2B 25 &, ED X ) ik a1 THAAED
FEOMEIZ 0 1272 D13T TH D5, 012572V, ORI ARD NEFER A L T\ D, 2
D 2 F7H DAFIDO NG R A RO 2 G RERER 2R T 7&K T v 7 v B TR IERIAT O,
AT TEAREGE AR EEE CTHDH L EFIIT T v B T HITH T EILTE R, BEY 7 LA
DEDHNARBFELCT T v 735, ZOLE, AR L S22 CPEOA TR
RERDVENRD D,

« Minimum Cost Flow &%

Minimum Cost Flow /% (LLT, MCF 1) (3. FEEEAMEY VBRI & 2 AMAROEHEERED RV VEER
DMFHNDFETH D, MCF ETHEAICIE BC {EONERZ BT 273, BifgaRosgi: 4 Fil
U CNABREREAT 5, BRI T A N N & 70 D KON R CORFR D S AL, 77
> TR & 27T DY WAHOZ LB ZTHE L, Faifbd 5, ZOECIIINLES R
L7awy, BEEOTPRIRRE e & CoR TN L7l 8> T | 2 w1 OEEE NGO X v » 7 2D
B £ 9Ty N RIS 7R 2 EDNRTRETH B, ANER DX v T A HD AT
b — LU RMEDRENE ZADAREIET D70 D AREDEE S T fE CAEM T, - T,
BC 75& 0 & HHGHIAVEIRCT > T » B ZHERAEATH Z ERNFRETH D, BRIKIZ K- TR EMIVE
U555 ClE, 83600 XN (NITHEE) HOHENHDH B2 D, BlGRK (B TOBET L7 21
) (22T, ZNENN OEZEYNHEET D Z & THEDRNT VT v B I RAREE 72D,
BOIEGNE, FIEDBRL T 7 v B IR TELFRTHY . £D L H 72K TlE, NiTEr L2
%, ZZ TN ZHEETHICHIZ0 . EEEIAT N OfzisIMb L, O FFEORNT T v e s
11O T ENBERERD,
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2 FBREIE—L U RERE
- REhRIEE
T Ty B ZNBOR, WA CRELRE 2 b — L AMEEEE AT A NER S D, REEE
LT OS2 558 L CTIRE LTz,

L. AT - TR ORGP > 5
2. BRI BRI CL v CHIBERT COBBIRAYIS B THAE

EEEE & 0 RS DT - BIRPRBETRIC T 28 BT REROMEL# R 09 bR
6.3.1 [T~d 8 HURDORRATE FAMERSIR & U THENTRII Lz, F7o, SEFHEROME 2K
6.3.2 [T,

# 6.3.1 B EESOXFEEHR
Table 6.3.1 Various information about GPS-based control stations

— HEEE TREE B PR e R TS E R
(] (] [m] [m] [m] [m]
S 2 38.9340280 140.833187 691.773 0.999 -1.171 2.084
R 39.1462033 140.715048 322.017 0.207 -0.131 -0.005
= 39.0519034 140.629584 345.057 0.277 -0.090 -0.022
KR 1 39.1106250 141.203921 172.160 -0.075 0.009 0.008
PR 38.9954629 141.148526 131.673 -0.150 0.032 0.007
5] 38.8153417 140.990584 108.542 -0.166 0.124 -0.017
IEPN 39.1270090 140.988456 228.121 -0.001 0.020 -0.003
T 39.2353751 141.311673 222.381 -0.022 -0.003 0.001
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z
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HATHIE RIS
BPEES

ins Sources: Esv, HERE, Delorme, Int&¥map, increment P Corp, GEBCO, USGS,

J Bfn FAQANPS, NRCAN,GecBase, JGN, Kadaster NL, Ordnance Surwvey, Esri Japan,
METI Esri-China (Hone Kong), swisstopo, Mapmyindis, ® OpenStreethap
contfibdtors; and t'he GIS User Oommuniw

6.3.2 - HHEROAEX
Fig. 6.3.2 Locations of GPS-based control stations

PLEDOZMA G, HEEORBENEDYNSUWVE TRES T 2R 8 s U GRIRL, (e e &
L7z (E 6.3.2),

- b — L AMEOBHERE

7Ty E BRI TR e — LU AOBIEERET D & ZOBIEL LOEKDALET T
B THERT 5, K 623 5B 6.2.16 FTHOT b — L AEMIE TR LIz K 912, BRSO
IABIARE hoTetoib, oy TUIE LTIV Tl D =t £ — Lo 2 AR AV < RERR T
x5, TE—LUAPMEOGEIE, (A ZABKRENEBZ DN, Tr T v B ZITROTEED
N L7220 9 5,

ABFFECIE, BC TR CINHEA FTREZIR D IRD L, Ao, BIFEORHEEIENLT > T v
FRERORE AR D700, WTEOSERE T 5MIA 2L — LU A 0.8 LREL, ab—L
v 2 0.3 DLk % BC I TEM L7, = 2T, ab—L 0.3 UEOERIcEOTH, K
A CIE, BC I AW CE /e o T fEllS b o 72, % 2T, BCIEDT 7 v BV 7B
T T3 — L AR 0.3 LLE], A ML rTReZsieaeis) (2xh LT BC AT L T2,
2%, X 6.3.3 75X 6.3.16 (3 MCF LD, BB ZFIT 3 20A 54 MCF 1A T L7z
HLDOTH D,

@ FTrSvELVITHR
PLEDFE, SR X 0Bk L= rEN %K 6.3.8 725X 6.3.16 12/~k7,
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6.3.3 2007/6/21 & 2008/6/23 DT (BC £)

Fig. 6.3.3 June 21, 2007 and June 23, 2008 (BC method)
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Fig. 6.3.4 June 21, 2007 and June 23, 2008 (MCF method)
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6.3.5 2007/8/6 & 2008/6/23 D7 (BC 1)

Fig. 6.3.5 August 6, 2007 and June 23, 2008 (BC method)
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Fig. 6.3.6 August 6, 2007 and June 23, 2008 (MCF method)
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Fig. 6.3.7 September 21, 2007 and June 23, 2008 (BC method)
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Fig. 6.3.8 September 21, 2007 and June 23, 2008 (MCF method)
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Fig. 6.3.9 July 14, 2007 and July 16, 2008 (BC method)
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Fig. 6.3.10 dJuly 14, 2007 and July 16, 2008 (MCF method)
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6.3.11 2007/8/29 & 2008/7/16 D=7 (BC £)
Fig. 6.3.11 August 29, 2007 and July 16, 2008 (BC method)
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6.3.12 2007/8/29 & 2008/7/16 D=7 (MCF )
Fig. 6.3.12 August 29, 2007 and July 16, 2008 (MCF method)

127




ﬁfg@ﬁxﬁj

i&‘gmﬁz_@

5 10 20

JB1
* B
+ BFEES

6.3.13 2007/8/29 & 2009/12/4 D~7 (BC i£)
Fig. 6.3.13 August 29, 2007 and December 4, 2009 (BC method)
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Fig. 6.3.14 August 29, 2007 and December 4, 2009 (MCF method)
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6.3.15 2008/5/31 & 2010/10/22 D7 (BC %)
Fig. 6.3.15 May 31, 2008 and October 22, 2010 (BC method)
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Fig. 6.3.16 May 31, 2008 and October 22, 2010 (MCF method)
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6. 3. 2 MRREFHEAE

VERR LT B ORREAFR 6.8.1 OB {HUES DT — X 2 U CGHE L7z, fE2E0iHiiE, T
W SAR (1Z KV SROTATEE B EA dm, [EHPESTEIC X D7 EAE) A A ful ORI ~DhL
EABEI AW U fEE dr &35 & FTRO XS L TTo 7,

|dy —dy | #6.3.1

72k, [EHEEREC L AAELE) A S NE OB O BB B~ ORI T TS &2
Y

AXCO0S 8sin ¢+ Ay €os 8 cos ¢ + Azsin 6.3.2

TIT Ax, Ay, Az FEAVERETHEREC K A, FEALTIE, SRETROAE AR,
O IBROPONIA, ¢ I TEROTAMA (LhME 0 &92%) THD, FHRICHA L0 AS
LR 6.3.21T7,

# 6.3.2 KB DL AN &R
Table 6.3.2 Center azimuth and satellite azimuth of each orbit

HE D ASA O[] HEINA O[]
ATHE 38.73 79.95
R THLE 38.80 -79.97

LY, HEFREESOYE D L OMELBIRIIR 6.3.3 DiEY L7225,

7% 6.3.3 FE L ORIE T & ORI R A~ON B E) &
Table 6.3.3 Quantity of change of position towards the satellite line-of-sight direction for each orbit
at each GPS-based control station

. ) 2 RBHA LR KR 1 AR ) RHIR AWl
LIjRTE]
[mm] [mm] [mm] [mm] [mm] [mm] [mm] [mm]
1T 1912 138 187 -52 -106 -122 1 -17
FETT 380 -180 -239 64 124 134 2 17
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6. 3. 3 FHmER
(1) BCi%

FERIIR 684 LK 6.3.17, X 6.3.18 (TR TEY Eipode, 2T, [FEE2 ) ONLEIE, 2b—
L A0BL N THo2Z b, BCIETITREL TWRLY,

# 6.3.4 BCIEIZL DK~ T OiEE
Table 6.3.4 Error value of each pair according to the BC method

#i oy BEIER) 2| PR | E5HA KIR1 | R IR JilEM/N Wl
el [mm] | [mm] | [mm] | [mm] | [mm] | [mm] | [mm] | [mm]
1t 2007/6/21 | 2008/6/23 | - 383 438 85 145 162 110 15
i 2007/8/6 | 2008/6/23 | - 374 439 108 207 235 110 19
2007/9/21 | 2008/6/23 | - 362 468 73 157 145 119 17
2007/7/14 | 2008/7/16 | - 382 510 88 167 163 34 15
g | 2007/8/29 | 2008/7/16 | - 382 491 91 171 172 21 21
17 | 2007/8/29 | 2009/12/4 | - 398 521 61 164 179 35 9
2008/5/31 | 2010/10/22 | - 380 491 106 213 235 31 15
T ] |
ST 2007/9/21&2008/6/23
fE;R m 2007/8/6&£2008/6/23
i Y ® 2007/6/21&2008/6/23
# T
W
M 7KIR1
-
Yo% ]
EEN2
0 0.5 1 1.5 2 2.5
RE,m

6.3.17 AHTHLEICRT 28T DitzE (BCIE)
Fig. 6.3.17 Error of each pair in the ascending orbit (BC method)
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ST |
II%J [ | 2008/5/31&2010/10/22
HE;R 2007/8/29&2009/12/4
ZEEY) H 2007/8/29£2008/7/16
EF% [ | 2007/7/14&2008/7/16
JKiR1
58
¥ %]
EEE2
0 0.5 1 1.5 2

REm

6.3.18 FHTHUEICIIT 55857 DifE (BCIE)
Fig. 6.3.18 Error of each pair in the descending orbit (BC method)
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(2 MCF &
T3 6.3.6 £ X 6.3.19. X 6.3.20 | T"TIEY LiRoTs,

#* 6.3.5 MCFIEIC L 2%~ Dl
Table 6.3.5 Error value of each pair according to the MCF method

H, e PEIER) 2 | BARHA | S KIR1 | R SR AHIR Wl
B [mm] | [mm] | [mm] | [mm] |[mm] | [mm] | [mm] | [mm]
it 2007/6/21 | 2008/6/23 2348 383 438 85 146 162 110 15
i 2007/8/6 | 2008/6/23 2402 374 439 108 207 235 110 19
2007/9/21 | 2008/6/23 362 468 73 157 145 119 17
2007/7/14 | 2008/7/16 671 671 510 88 167 163 34 15
| 2007/8/29 | 2008/7/16 540 540 491 91 171 172 21 21
17 | 2007/8/29 | 2009/12/4 428 428 521 61 164 179 35 9
2008/5/31 | 2010/10/22 309 309 491 106 213 235 31 15
. I
TR 2007/9/21&£2008/6/23
AR H 2007/8/64£2008/6/23
i EEEh m 2007/6/21&2008/6/23
# TR
oo
N 7KiR1
L
BR AR
g2
0 0.5 1 1.5 2 2.5

6.3.19 dHATHLEICRBIT 5837 DidzE (MCF %)

BREm

Fig. 6.3.19 Error of each pair in the ascending orbit (MCF method)
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ARy m 2008/5/31&2010/10/22
RE;R 2007/8/29&2009/12/4
iz i) W 2007/8/29&£2008/7/16
] m 2007/7/14&2008/7/16
g{ﬂl: LR /7/ /7/
N 7KiR1
L=
BRLER
EEm2
0 0.5 1 1.5 2 2.5
REm
6.3.20 FEfTHLEIZBT 58T Oz (MCF %)
Fig. 6.3.20 Error of each pair in the descending orbit (MCF method)
B} =E=®

b —L I ADENR 03U N THD 5 2) X, fREDKEV, BCiEE MCF EDETHAESG
HNEL RT3 2 REZE A k32 & | TR O T3, 2008/5/31—2010/10/221 D 137 #i{% ¢ MCF
IENRRZ INTI -T2, oD 337 TIE BCIER L VNSV E T T2, THLISNOE - HLUES
TiE, FUCREEETHoT, 285 2) A< B EMERICBT DIBEHEE T, D LOZETIESH AN
TAEF Y BCIEDTREEND IR,
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6. 4 REREAROELEEDER

B HMESIC X DRHI T, ATRlORREBEHEOHE CHEELL 72 5 BFME I OE - AESD
WDV IR KT ORFEZIELSFMETE TWD EIXEZAR, L, &7 D BCIEIZ L HhE
BERTHDEab—L 2 AOMEN 0.3 LR—TH Y 72nn, BRWEMEDT T v 7 & =1
RO TR TE IR DD, HFEA K E N EV D Z BT THRIEO BVEIRAILO EE 2 B, S 51,
TR B VIR & ORI T 5 &L BV T T B ZRERITEROEIOR R LD b
FRENINWEBZHZENTED, ZORIZERL, £ OEROARKREHR AT,

6. 4. 1 F7r3vEVJEEBDARLESX

(1) 725y TFEICK BEERDLLE

BC JEIINARFEEAABET . 2y om = b — L AFEIOBIEIZ X > TR DAL TR S U iFafi %
ZOFEEHEHLTT T v T %7 T0HDIIR L, MCF {ETIIHAREOZ bEE 2 e — L U A fH
IZE - TEBIHTEY, 47 LHHAEIC L o> TR DAV TUBR S NI E A LTz, 2
D END, FEONEEE R LV ERECSM LTRSS O DI BCIETHH B2 D2 L
MTED, Lo TBCIEDREREAMEIE L CTAMAIT) 2 LI1THATHD LT 2 Z L3 TE 5,

(2 FibtEDHE

ERTIZBT DT E G L= b DER 6.4.1 1T, 728, THMEOHIROEE, BC #%:E MCF
EOMREESR & 70D at — L ABEIE 0.3, TS TE2RIEE LT 0.7 2 L7, Zoizsd)
BC L, lab—L 20BHE 0.3 LLE), 2> [WPRATRE/EeRER) (2B TE L T\ D,

# 641 B XTITBUT A THMO R

Table 6.4.1 Comparison of coherence in each pair

ab—LURE | ab—L U AH i
i KT 7 7R (BC 1)
HaE ) [HERA~T (R H R 0. 3 A 0.7LLE ok ()
FE KT,
AR (k) | AEEOD A (k)
2007/6/21 2008/6/23 158.0 6499.6 250.7
A TiE 2007/8/6 2008/6/23 221.0 6205.5 361.4
2007/9/21 2008/6/23 204.6 6285.3 348.9
2007/7/14 2008/7/16 166.1 6363.8 258.5
B 2007/8/29 2008/7/16 144.7 6440.7 227.7
FE TE
2007/8/29 2009/12/4 268.5 5920.1 415.0
2008/5/31 2010/10/22 472.2 4742.3 700.7

@) ERLEFIR

FREDHENS . GRS FNAZRE LTz, 9 MCFiAL D b, RO 2 L0 IEME Ik
LISRERIMG DN DB 2% BCIEORERAEET 2 2 L & Uie, BEMOEEMET, TR FIC
BT EEZDE LB, RT 7 v 7 & THHECIIMREN O D720, THEo e L
TRT 7 v 7SR Z R L LTHWT, 13RI D BCEOZMENZ®EE L, 1%
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FHESE ORI DART T » THERA D L7201, 750 O ENAZFIT 2L L L, 2%H
LI BCIEDZENEXONEFIL RT > 7 » THIREE & RT VT T RO AR B8 LT,
ZORER, ORI RIHC LY . T =2 OEMOBSIE L 2T 72,

1. MCF {50 b, EBEOEMEE X0 IEMEISKEUIRERMS 555 25 BC IEOFERZ1E
Vi I

2. BCIEDFEFIZIBWT, BIMHEDT 7 » 7SIV TRV EEDY N SUER A BT 5

3. 2%FHLED BC IEOZENMEXDNERIL, KT > 7 v 7R & RT T » THRO AR
MAEZET 5

4. MCF {EOEFNEN S 1 &Rk E 5

NI VARRTIEEZE 642 L3 643 DL HITHELT,

# 6.4.2 JHUTHREDOGRIERE
Table 6.4.2 Synthesis order of ascending orbit

aRdE | T Ty THE ~7

1 2007/6/21 2008/6/23
2 BC A 2007/8/6 2008/6/23
3 2007/9/21 2008/6/23
4 MCF i% 2007/6/21 2008/6/23

* 6.4.3 FTHUEDGHIIRR
Table 6.4.3 Synthesis order of descending orbit
A RIIA T T T FE T

1 2007/8/29 2008/7/16

2 . 2007/7/14 2008/7/16
BC %

3 2007/8/29 2009/12/4

4 2008/5/31 2010/10/22

5 MCF £ 2007/8/29 2008/7/16

F 6.4.2 LF 6.4.3 DERIEFIZIED, RO EBY WFERLT-,
BC{EICTUEEATT 9,
)
MCF (A CRfEROAERETT 5,
l
BC IE TR CX 223> 7= ) 7O MCF 145 R A+,

!
BC {EOALRHH R L il L7z MCF 55 & Gk
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6. 4. 2 ARNEIZKAZTMERVER
ERBREI T T AERZK] 641 EK 64217,

N
g
R
P
=
m
* sERRAR
S
KGR 1 TEhE(m]
o 14
>
. . 1% - -21
k]
* B=a
5 10 20 30 40km LA ¢ BTEEQ
6.41 GRGHER EEESHTROZMEX) A THE
Fig.6.41 Synthesis results (quantity of displacement of satellite line-of-sight direction): ascending
i
ﬁg@ﬁzﬁj
e J
g .
W ‘.
L
ZEE[m]
AR 1 —_— 14
»\5‘355 . {8 -2
Ry
S * ma
510 20 30 40 ¢ EBEFEEQ
km
6.4 2 AEGRER BERGHRTMOZEARX) « FTHE

Fig. 6.42 Synthesis results (quantity of displacement of satellite line-of-sight direction): descending
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6. 5 AREICKSENERDERATERTI

B ARk L7720 Tl B - T D BRI T 3072 2855 Jedodu T D FTREMED) &
%o I, BEEEFUIIRWTRNEREE 705 Z LIIRSIA MG TE 5, £072, BC EORRFE L%
Bk LTZBEs 55 & MCF IEORER A B LIZEER D38 BN 2D72 03 > T D )vadHilli L 7=,

6. 5. 1 ARFEEHEAE

BCIECOT T V7 iHBERY 7 v RERE L, &7 A AR H2WEXEZFHILZ, 7T 7
PRI XA B 3 THESEIERT. 1 DR HIRE Lz, i¥E L7227V » Rk, 7'V » R 3000m,
BIEARRS T A > 10 A, WuEH T4 > 9 AR THD, FHIZ Y v ROMEZ IS THEDOSA %X
6.51, FITHLEDSAZE 6.5 2 IZZNEIURT,

138



=
L &
. =
/ k]
&
o
M TrTVL
.\;Iniu
KGR 1 TEE [m]
- =14
Q\EF%
. B 21
Ak
* Em
¢+ FETEES
5 10 20 30 4nkm H4A

6.5 1 JATHLEDFHZ Y » FALE

Figure 6.51 Ascending orbit’s measurement grid location

pd)
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Figure 6.5 2 Descending orbit’s measurement grid location
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6. 5. 2 FHEER
KTA AT BN AX 6.5.3. X 6.5.4. K 6.5.5. X 6.5.6, X 6.5.7 (Z~d, WX T
TORFIILLTFOLEBY THA,

BASE : E5EAE 1 D2 &

K47 : 2007/6/21 & 2008/6/23, FE{T : 2007/8/29 & 2008/7/16)
BC : BCIAIC L DRERE TR TER LD

A THGE  1~3, FBIfTILE : 1~4 GHEMIE 6.5.1, £ 6.5.24H)
FULL : BCEIZXDHRE MCFEEZGR LIZHD

JATHLE : 1~4, FITTHLE : 1~5 GEMIIE 6.5.1, £ 6.5.24H)

# 6.5.1 AATHUED G & 7 —# FoR
Table 6.5.1 Synthesis order and section data table of the ascending orbit

ARIE | 7Ty IFE 7 BASE | BC | FULL
1 2007/6/21 2008/6/23 O O O
2 BCl: 2007/8/6 2008/6/23 - O O
3 2007/9/21 2008/6/23 - O O
4 MCFJE 2007/6/21 2008/6/23 - - O

# 6.5.2 FHTHUED AR & Wiki7 — 2 For
Table 6.5.2 Synthesis order and section data table of the descending orbit

A RidIE 7Ty T ~F7 BASE | BC | FULL
1 2007/8/29 2008/7/16 O O O
2 . 2007/7/14 2008/7/16 - O O
3 BCi% 20078129 | 2000/12/4 o o
4 2008/5/31 2010/10/22 - O O
5 MCF: 2007/8/29 2008/7/16 - - O

Tt
BEGHITE BRDT
B S7TA] FADBAL
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653 7V v RETA AT 2N (T4 1-2)
Fig. 6.53 Section table of each line of the grid (line 1-2)
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Fig. 6.54 Section table of each line of the grid (line 3+4)
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Fig. 6.55 Section table of each line of the grid (line 5-6)
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Fig. 6.56 Section table of each line of the grid (line 7-8)
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Fig. 6.57 Section table of each line of the grid (line 9+10)
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6. 5. 3 &%=

BRAESNENT 1 DA EXNTTEN D & HEEZERTIE, AU & 0 A UBED K E 13 10em #
Wi Cholz, Ei-. BCIETOEINELOINIEE T MCF 5L OEGHTH O TH Y . Ho Tl
BRI VEEHEA RS T- RO NICAREN TVWD EEZ NS, LM LERL, 20X
BB TIR SN BINE 70T, AEIOREDT —Z 121 TIRHEE# L < . B BETH
B,

6. 6 BERNEZKIEMESFNDIREST
B EROEGE AR BN O ARUERZIT O Z ENTE TN, BE~OREBETET D720, &
R K D G RO AN B = A LT,

6. 6. 1 FHEAEE

£ 6.3.1 OEBTHUELOT —X 2l L, FHMELITBIT D575 KD, AT, T SARICX
0 RDIAIELEEEE dm, ETHEHGC X AELEES dT £75 R 6.6-1 DX IITERIN
z)o

d, -0,

.6.6-1

F 7 AL A SIS 5 - DI B B EUE S ORHIE T L o e (M OB J718])
& T U~ AR (FREEUE IR S L TEEEE Ty b LT, KBRS OSEE o
* 661 0EY THD,

7 6.6.1 BT HHESORHIE CO PR
Table 6.6.1 Coordinate values at each orbit of GPS-based control stations

P v A7 : \‘ R T \‘
LR T U~ A L VRS T I~ AR
S 2 419.79 1051.23 832.93 2464.11
PRAIGHE 302.84 1933.27 1163.03 1709.73
I 106.06 1615.58 1287.47 2117.13
AR 1 1215.17 1536.90 229.85 1588.48
PR 1058.84 1120.83 283.54 2060.52
Ed) 679.90 508.84 500.17 2836.96
JIEUN 807.39 1713.48 635.20 1640.19
vl 1478.97 1963.33 85.35 1051.54
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6. 6. 2 FHlER
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Fig. 6.6.1 Positions and residual errors in the ascending orbit
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Fig. 6.6.2 Positions and residual errors in the ascending orbit (satellite orbit direction)
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Fig. 6.6.3 Positions and residual errors in the descending orbit
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Fig. 6.6.4 Positions and residual errors in the descending orbit (satellite orbit direction)
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s BNLEOFHE T, — B THLO NG ZIHE L THERA L TOAH, EEEOASHAIIFEIIAR
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6. 7. 1 EAERERE

T SAR QU Wbt DEM 7 —4  (E R #H 10m 2 v = DEM) X9, #5M
I 5 RIS 2 RDT=, Fio, KB T HERIZBT R~ EAEB RS R A
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176



LBl

* Em
FiTEE IR (%984
JEITEIE R %8
= == HIEFR(C LB ENADN L
—F THZARZLZIBENAOL W& 1)
— THRARZEZISEAOL G 42

*+ EBETEEQ

6.11 1 K FEHM D

Fig. 6.111 Horizontal direction error

177




+

LB
* =R
mEITELIE R
AL TEIE A
= == HIIEFE (C L SFEENAO M
— THSARICESIZENAIE i 1)
— THSARICLSIZENAI b U 2]

n 10 20 40 60 Bukm *+ EBETEES

6.11 2 FEELSAIDRE
Fig. 6.11 2 Vertical direction error
6. 11. 3 #%&
« AKSEFTA]

ARFFRZIBNT, S 2 TrEAL A ZEEH L2 2 S K 0 ACERROARRRY MVORZEDHEN
AlRE L 72Tz, lj:ﬂﬁfiﬁﬁz@fﬁ%ﬁﬁﬁ DOHFRIZ L DBE T MAERE L, 1ERFHETH D54
1 LD e Hmid, RIS K D EFEESBEN Y MVBSEAL GG 2 D138, FF2 0B
X RV OENEEDKE < foﬁo“@ VD ERENI AN, X7 BAORE SOREDL, S 2 DN
INSUVMHANZ B D, EIVTHERME2 OBE MUL, KRE S, HhEBICELRILL X DH HiER
<‘:7‘£O7L:o FHZ, BRI DAL HAMCRRAED AN ANE D> TS Z EDvbnd, Ziud, X 6.9

X 6.93 7> %bﬂ% FONTHPSHMOFRENKRE K ZDOFETH D LSS,
. ﬁf_ﬁjﬁﬁ

(2850 2] ZBROZEFEER TR, AR, BHERRR & HIThE < BREOHPH T L
T LT Hivd, —J7 [5E8H 2) ([ZRWWCIERIBZREED RO Hitd, Bl E LT 1555 2)
Db —L U AMEPN NS HKEEENHENZ LIZ L DN E 2 biLD,

178



6. 12 [5EI2) ORE

BAHMER OFHIT — & & BN R O EOFN KR E\ VEHAES T5EE) 2] Mmoo
2SN R DFEFE TN TR CEARIN T LT,

6. 12. 1 FHfiA®E

EAES TEEEY 2) Z1@5, KHNEICI ARSI & e T ORiHEE CRME L=,
L7 7 A o OfrE %, A TiiEA# X 6.12 112, FfriEZ X 6.122 12R~kT,

Gl
L e
\ 5
H
E ﬁgﬂﬁﬁm
o _
AHGR 1
,«—/":\%r‘ﬁ)iff—f—fy
ax:|
* BR
5 10 20 &&'A ¢ EFEEL
6.12 1 U TLEIZ BT DWnER M7 A >

Fig. 6.121 Line of section evaluation in ascending orbit

N

=+

mf§§’ﬁ)§@

IRk
# * BR
5 10 20 30 40 s BETEES
km
6.12 2 FfTHLEIZ IS T D Wi~ 1 >

Fig. 6.12 2 Line of section evaluation in descending orbit

179



6. 12. 2 FHEHER

T ORI ZE 6123, X 6124 (7T, £7o, Ab— LU AMEEERGOEZ L OZK] 6.12
5. B 612677, Wi/ 77 ORIIUTO B0 Th b,

coherence cab—L U AH
BC . BCIEIZ L DfES
MCF : MCFEIZ X585

Jiran
AR 1)
HES71A]

LNy Vil
CFETBAT

I_E'ié:%/@ 2J @{EE%/ﬁ\;{ﬁ%Ti—\‘j‘o

180

—coherence
« be

« mcf



LiTE8HE 2007/6/21 2008/6/23 2007/8/6 2008/6/23
15 T 15 T
! ]
' '
1
1r 1 1r :
W
0
0.5 ! I
- + t
E : -
e | W ————
g0 & ' B !
A i .
s ! MCF f:
;I 5
Y .
1
1+ i :
! '
! ]
15 = 15 ‘ m ‘ ‘ ‘ ‘ ‘
0 10000 20000 30000 40000 50000 60000 70000 0 10000 20000 30000 40000 50000 60000 70000
BERkm] BEM[m]
15 T
1
'
1r i
'
1
. 05 - !
—_ —_ t
E E (1&
PR o T i,
ﬁ%g‘é R *BC ® 'V" i x BC
& o —
MCF " - MCF
- 05 1y Gk
i i
L
t
. &
T b
1
-1.5 -
0 20000 40000 60000 80000 100000 0 20000 40000 60000 80000 100000
R [m] BB [m]
17! /1, 1 7 7
[EEREIPC] 2007/1/14_2008/1/16 2007/8/29 2008/7/16
15
|
|
[
[
' 4
+ (B
E | |
] . 1 1
BERR & : x BC : « BC
L b ! - MCF ! - MCF
1 1
1 1
' '
1 1
1 1
1 1
05 L L ! L L L L 05 L L ! L L L
0 10000 20000 30000 40000 50000 60000 70000 0 10000 20000 30000 40000 50000 60000 70000
BERE(m] HERm]
E
.| Mo
HEHE| & *BC
% K - MCF
0 20000 40000 60000 80000 100000 0 20000 40000 60000 80000 100000
R (m] R [m]

6.12 3

Fig. 6.123 Kurikoma 2 section measurement results table (1/2)

[2805) 21 Wit R —E (1/2)

181




LiTE8HE 2007/9/21 2008/6/23
15 T
(]
1
1r i
14
1.
05 !
— +
£ T
W oo |
HERR E C xBC
FiE ; .
05 i.’ MCF
;I
¢l
]
.1 = \
i
15 -
0 10000 20000 30000 40000 50000 60000 70000
BERkm]
E
H
HEHE [ % BC
L K - MCF
0 20000 40000 60000 80000 100000
B [m]
mfTEE 2007/8/29 2009/12/4 2008/5/31 2010/10/22
15
1
1
:
1 r&
E I}
_ W os | .
HERR [ % i * BC * BC
#M | : \ MCF - M
0+ X i
+
1
|
05 L L ! L L L \ \ \
0 10000 20000 30000 40000 50000 60000 70000 10000 20000 30000 40000 50000 60000 70000
$aM(m] FERE(m]
15 ;
1
i
i
It
&
~ g -
E i, £
i M o5 | i " . ]
BENE ® ; j‘: '-;ﬁ-’-; by B || @ *BC
3 : T b
o For ﬁf |
(A S )
(11
L
05 . . . .
0 20000 40000 60000 80000 100000 20000 40000 60000 80000 100000
BERk(m] B m]

6.124

182

(55 2 Wi AR R (2/2)
Fig. 6.124 Kurikoma 2 section measurement results table (2/2)




Li8E 2007/6/21 2008/6/23 2007/8/6 2008/6/23
1 . 15 1 n ; —~— 15
1
09 b { | 09 i
1
08 Iy : 1 08 Hif 1
"
0.7 E0.7 |
1
505 : 05 F |§0.6 0.5 E
. g 05 g —coherence ? 05 | g —coherence
ﬁigﬁ _\I_IOA Py 0 B |xbe 104 gl 0 M|
n « mcf n + mef
03 03
02 05 02 05
01 ! 01 i
0 ) :‘ ) ) ) ) ) 1 0 L 1 L L L L L Kl
0 10000 20000 30000 40000 50000 60000 70000 80000 0 10000 20000 30000 40000 50000 60000 70000 80000
HENE
B
FfTEE 2007/7/14 2008/1/16 2007/8/29 2008/7/16
YT L Y Y el NPT AR T
09 H [l 09 H !
08 ; 1 08 , 1
0.7 0.7 ;
%0.6 05 Eo.s 1 05
D o ) D y. 1 ey
305 + o —coherence|| N 0.5 r H — coherence
T / a [
mﬁ%ﬁ _\I_|0A4 —— 0o B |- b _\I_|0.4 J 0 B |- bc
n 03 - mcf n 03 + mef
02 05 02 ” I 05
01 1 01
0 L L L : L L L L 1 0 L L L L L L L 1
0 10000 20000 30000 40000 50000 60000 70000 80000 0 10000 20000 30000 40000 50000 60000 70000 80000
i@ (m] fr&m)
HERE
o]

6.125 [Z2E5 2) Was R 5 (e —L AMELOXIE) (1/2)
Fig. 6.12 5 Kurikoma 2 section measurement results table (correspondence with coherence
values) (1/2)

183



LiTEhE 2007/9/21 2008/6/23
1 ; T 15
1
0.9 :
08 M 1
0.7 ;
%ae HH | 05 F
- 20-5 E —coherence
sr%rgﬁ _\|10.4 0 B | b
n 03 - mcf
02 : 05
[}
01 {— ;
1
0 = 1
0 10000 20000 30000 40000 50000 60000 70000 80000
H&(m]
HENE
!
BiTEE 2007/8/29 2009/12/4 2008/5/31 2010/10/22
1 15 1 15
1 1
. - M)
09 i Ly I 09 1 i
08 " 1 08 1
1
0.7 07 I
%0.6 | 05 50.6 1 05
A = A =
o 205 l ; —coherence|| N 0.5 % — coherence
(%] X
h _\I_|0.4 0 & |xbe 1'10.4 0 B |xbe
n - mcf n | + mef
03 03 |
02 05 02 ” 05
01 | 0.1 HH—
0 L 1 0 L 1
0 10000 20000 30000 40000 50000 60000 70000 80000 0 10000 20000 30000 40000 50000 60000 70000 80000
B8 (m] fod-1 ()
HEHE
FE

6.126 [502) Wiz KSR (e —L R EL DXL (2/2)
Fig. 6.12 6 Kurikoma 2 section measurement results table (correspondence with coherence
values) (2/2)

184



6. 12. 3 &£

B 6.123, K 6.124 b5 K 51T, 1285 2] Hiis CAEAENEAEIZZ L L TV D Z &R
DD, ZOZCEIFTH SAR IZLDERNLRDDHE Im IS HY, ZHUIE 7 BLbT- 0 Dfc
KB EA L C0d, F72, K 6125, X 6.126 LV [ZEE) 2] DA TlE= b —L 2 ZAER)
IR INSWZ ENDND, FETHERTA L — L AMEZ L L2 b O 2 U TIVEDS & 4K 6.12
712, BTHEDOSEE 4K 6.128 17T,

EED
BB
B

IKiR1

W 20070621t020080623

m 20070806t020080623

TR

W 20070921t020080623

C3)
fBIR

|

o
©
[N

0.4 0.6 0.8 1 12
aeE—L X {E

6.12 7 ATHLEICIIT D5 EFREROa L — L A E
Fig. 6.127 Coherence value of each GPS-based control station on ascending orbit

£ 7))
0% ]
B

JKiR1

W 20070714t020080716

W 20070829t020080716
M20070825t020091204
W 20080531t020101022

ER

5
fEiR

LR

o
o
[N

0.4 0.6 0.8 1 1.2
ae—L YR I{E

6.12 8 F{THLEICRIT S EFEERD 2 b — L A E
Fig. 6.128 Coherence value of each GPS-based control station on descending orbit

BAER 5 2) OACE TR, FEETIIE U7oB SRR O 83, MRS R DR RS
fEEIT L 4 RS RE, ZORGEDZERIT, =t — L AMELHES LIoRR, 585 2) OZEIS
BIF5ab—LrAER03UTENINZLIZLDBDTHD LERIIND,

185



6. 13 Iab—L 2 RIEIZ&H{EEMETHE
HIECRT 2 E FIESORREGHE NS, 2 — L U AMEDEEICRE 2B % 5.2 QD Z &R
MR T& T, 2T, 2.5 ot L 0 B B =B EOR ROEHEME Ol 21T - 7=,

6. 13. 1 FMiEiA%
(1) =b—L  AEIC & AIEHEMEIERE

6. 12. 3TOEHMECLDFHMEND TIE, FHlla b —L U AMEZRY 235 % 7o DI
Dbt —L U AMEOBEZRETHZ L3 L, LovL, K 6.125, X 6.12 6 | I/R Sk
AN D, 77y I TERERICBOTCa e — L AMEN SR LT A EN TR W T E A
ELTWD Z ERbhd, IORLIZEL D R cai#ica e — L AMEMEL 725 & BN EoE
FEERENL L TG, X 6125, B 6.12612H.5 X912, 0k ) eEgittoEiIae —1 A
B 0.7 R ZBWTEEE I AE LTV D, W12 0.7 LA E Tl b3 H bR, Lo T
2.5 WITAHTIZ K 0 15 DB EOEHEEOREE L Ta e — L A 0.7 Z3%ET 5,

(2) (SHEMESES A ERL

HEEL, WO, PFEALARATENE, AW THE CONEAE)R & ff THUE COMEEBIRED 2 > LV FHE
Shd, SHEICRIT 52— L U AMEOEFEMEOBIEA AR L Y 0.7 LFET D & AT LIz
BB 7LD ab— L 2MEOBEND, 2.5 WITHHTIC L A BB EEEN H 5 B0
tud, HUTE R ORI TE L Hlca e —L 2 0.7 ) 1SS TAE 2B ThhH EEZ D
ZEWTED, £ T, 25 WotfATHRER D T B R O TiE & izt — L2 2 0.7 LA

b Tkt AR AR UL 2.5 YOTHATIC 1 0 15 B - 25 D SHEMEEE R A Ve L 7=,

6. 13. 2 FHEER

BRI OFE R AR 6.13.1, X 6.13.2, X 6.13.3 [ICHAZENORER AKX 6.13.4, X 6.13.5, X
6.13.6. TEEAMOFEAX 6.13.7. X 6.13.8. X 6.13.9 ([CZNTHRT, ZDH b, K
6.13.3. X 6.13.6. X 6.13.9 1%, ERBHEER CENT LIZKTH D,

186



wg | [ Ja-ronioramis
Z#HEm]

e =:25

s

-,

5 10 20 30 4?( X W
6.13.1 =t — L ABUR &R (&)
Fig. 6.13.1 Coherence boundary line and quantity of east-west displacement (overall)

N

"o

[Jat-Lonisoramis
28 n]

‘ ey 525

o =, b E:-15
22545 9 135 18 %*A q
km

6.13.2 = b — L AR RPN R (LK)
Fig. 6.13.2 Coherence boundary line and quantity of east-west displacement (expanded)

187



|:| T LA fE FESE
& [m]

D 087-13
D | L

. . 14-17 Q
. 18-21

22-26
2{:( " | ﬂ ] .

S

6.13.3 = b— L ABIRE RPN R (ER)
Fig. 6.13.3 Coherence boundary line and quantity of east-west displacement (expanded)

188



wg | [ ]ae-ronioramis
Z#HEm]

ey 5216

B g oos

-,

5 10 20 30 4({( 3 LKA
6.13.4 = b— L AEIRE AR (4
Fig. 6.13.4 Coherence boundary line and quantity of north-south displacement (overall)

[Jat-Lonisoramis
ZH 2 [n]

% e 516

> =y B g 2s
22545 9 1315 18 W a
km

6.13.5 = b —L o AHER & FARZ R (ER)
Fig. 6.13.5 Coherence boundary line and quantity of north-south displacement (expanded)

189



I:l - LvAETHS
FHE [m]

. 2724
. 2318
. 18--14 I
. 43096
D 0.95--048
D 0.47-0.0
D 0.010 -0.48
k
% . 049 -0.96 1
. 0.97-14

=
15-19
75 5 0 5 2 L4xA [ |

6.13.6 = b — L AEIR LR (R
Fig. 6.13.6 Coherence boundary line and quantity of north-south displacement (expanded)

190



[Jat-Lonigonasis
E#HE[m]

e =017

AR

5 10 20 30 40km W
6.13.7 2 b — L REIR EEZNE (BF)
Fig. 6.13.7 Coherence boundary line and quantity of vertical displacement (overall)

N

"W

[Jat-Lonisoramis
ZH 2 [n]

e 17

SR

22545 9 13:5 1%«“ W L
6.13.8 b — L REER L TEANE (HEX)
Fig. 6.13.8 Coherence boundary line and quantity of vertical displacement (expanded)

191



I:l - LvAETHS
FHE [m]

. 41--007
. -0.96- -0.65
. 10.64--0.32
. 031-00
. 0.010-032
D 0.33-065
D 0.66-0.97
. 098-13
. 14-16
. 17-19

6.13.9 = b—L AL & FEZNE (ER)
Fig. 6.13.9 Coherence boundary line and quantity of vertical displacement (expanded)

192



6. 13. 3 E=

ACEHTIE, ZAEDEANDKEET HAHTICRW T, SR AROFCa b — L 0 2l 0.7 Ao
TEENE L . BNEOEDOEHEMAMENZ 30D, KT, B EOIEAN ST ST
IZBWT, b — LR 0.7 FESRDBEEIRIZ O LT D, if_\ a=-1.0626 TFHE L T\5H7-
. HFEST & R OBENEO AN AAERITEITN D (TR - <A FRILH),

T2, WEGETIE, ZBAEDIKEWEINIBOTa b — L2 A1 0.7 RiiOMEERNL < . BAE
@1@@%@@75?1& \%*S'Ek 7otz FNTH, K 6.18.9 TLEH~OEMEAKE\ GEED 5 HARA
B ORTIRBRISI EIR Y, KREGYTOMER L 72K 6.18.10 DHIEED T 0 B/3f e B O
Rlipoiz,

Py

3915 |- (209,39, 101)

39°00" 4

Mo=5. 30E+19 (Nm)
Mw=7.0
BRRIARYE 6.4m

; o AERELEHRIFMALIAICRE LIREN23.0)
140° 30 140" 45' 141 00 14115

® 12A : —F B
) L | |z L AN
NP W)
i 3
MR Gl / OB EIZBE LT RY BT E
a | N BRI RS - R
J N 4 [ QR
sl sk | TN 4 1] OMEELDTRY S
R ) S . \\91 ~
lh72.1 16 8 0 8 16 24 (km)
01234567 5.0 (m)
FTARYEMm

6.13.10 THUHHFRIR 2 IV V- R AR AT 2
Fig. 6.13.10 Slip distribution estimated by near-field waveform inversion

i KGYTHERAEERRE: (2008) © Sk 20 4F (2008 4F) J5F « EIRANEHIER RN & 2 ORHE, Tk 20 428 H 26
A, http//www.nilim.go.jp/lab/beg/200806tec-force/00_tokubetsu.pdf

193



6. 14 REERDMEDHEICKHEBEMEETE

AlRWER U 7 hgRimZshr E X OS2 Ml S 5 7200, REEIRIET — 4 2 W CHig Lz, Hh
FRIEAAAL, HENBOEEIZL > THEEZIND, LIeBn-> T, REEROA &EATEWER L2
RN RN ZEIQT, HEEMHER LT, BT — X I3R8YT LV FEORERT — 2 DA S
TW5, AT, #HENFA Lz 2008 4EDF—2 7 ZAfiH LT,

6. 14. 1 fBiEE
M L2 BIR T — 2 0443 6.14.1 1T,

# 6.14.1 fEABET—47
Table 6.14.1 Hypocenter data used

B0 IAHIEH iiilanESLE
LA SOUTHERN IWATE PREF, NORTHERN MIYAGI PREF

fEH L7727 —2 O | 2008 4F-6 H 14 H 843 (AREHUEDRAERZ]) 756 10 HH

6. 14. 2 f{RiTHER
VERE U7, BRI ZEN&: & BRI ORR AR 6. 14. 1 1TRd, + LT, [HEBE A iisd
HNLEORE & EBFESAAOBREX 6. 14. 2 17,

N L w A @
o s
% it
0, .0 e

ﬁL”

&

T
°

A
F&[km]
0.430000 - 5.460000
5460001 - 8.640000
8.640001 - 15.720000
15.720001 - 33.090000

L

°

°

°

® 3090001 - 167.850000
KA QBRI ZF 2 R (]

ZEE[n]
- =25

& :-15

25 5 10 75 20 L4

6.14.1 HPHFAIZEN R & BRI
Fig. 6.14.1 Quantity of east-west displacement and hypocenter distribution

194



A W
BEES ]

hd 043 -548

* 547 - BG4

* 865 - 1572

* 1573 - 3300

I ‘54*‘4 + 3310 -16785
6.14.2 RIS E TR EIT MRS HALE DR

Fig. 6.14.2 Hypocenter distribution and line of position of reversal of east-west direction
displacement (bottom)

- 6.14.2 T, HiFREZANEXO THRPEBENG SRS DAEOR 25, SRR EET 5
TIN5,
- 6.14.2 T, FREECRT DREBEIG AR T DA0EORE] O 9 5, BEEIRICZEN T mANER L
TNWDTY T ERENAOEEST HT ) 7THMRREE L T D L IR A D,
Z 2T X 6.14.2 (1T TR EL G M2E0ET DA ORR 13, HBRIC K 2 HER o B2 flit L,
H Y e SRR EN A TR oo, U K (I3RID) LR TnafERESE LT, U RIS
TRV THRFEBEITAA SR T DOLEDRR] D% D72 TUVD,

195



‘e

°

A

Ll
°
°
°

*

puin
35 &[km]

KEOERE Y ZF 2R EH]

0430000 - 5.460000
5460001 - 8.640000
8640001 - 15720000
15.720001 - 33.080000
33.090001 - 167 850000

2R n]
@16
; 5 28
25 5 10 15 20 2
F km| W

6.14.3 FEALITTAZENL & & BRI AT

Fig. 6.14.3 Correlation of “Quantity of north-south displacement” with the hypocenter distribution

/

6.14.3 (2R T RN B & IR A OBMR AR, AL RN & =R AR, X 6.14.1 O

FRPTITTAZEN R EARAAIREROAHRIRHE 27~ T,

196



@
2% .
’:;Ez ‘
‘oo
%
8@ *
P
A xu
F&[km]

@ 0430000 - 5460000

© 5460001 - 8.640000

© 8640001 - 15.720000
¢ 15720001 - 33.090000

¢ 33000001 - 167.850000
HEAOEEE I ZF 2R ]

ZHE[m]

T 17

ol R B

25 5 10 75 20 LA
P km|

°

6.14.4 FEE TR L RIFSMAT
Fig. 6.14.4 Correlation of “Quantity of vertical displacement” with the hypocenter distribution

- X 6.14.4 ([ ZHEIF AN E L FRIFSAT ORISR 2R, BESAEMET ESICBEIL Thd =Y
TR AEREEGEET LS T REA L TV D,

197



X 6.14.5 XK 6.14.6 |X, M2.5 KliiDOHEAFRE M2.5 U EOMED A A T-EIRI5AT &
FEENER & O TH 5, K 6.14.5 LUK 6.14.6 1L, &EFESMIGENSK 6.14.1 KO
6.14.4 & WEAFREOFEEIRH S A 7~ T,

1
o
& .
%
o
A X0
& [km]

© 0430000 - 5460000
T ° 5460001 - 8640000
ﬁﬁﬁé\ w ° 3640001 - 15720000
® 15720001 - 33.080000
® 33080001 - 167.850000
KAQE AL I ZF 2 -t

2B [n]
- =25
@ @ L
@
& :-15
25 5 10 15 20 LA
P km|

6.14.5 THPUIGIAIZENL R & FRIRS AT & OFABE-M2.5 DL BRI 31
Fig. 6.14.5 Correlation of “Quantity of east-west displacement” with the hypocenter distribution
— Hypocenter distribution of M2.5 or higher-

198



N
o
> .
b
o
A
& [km]

° 0430000 - 5460000
° 5460001 - 8640000
S \ © 8840001 - 15720000
® 15720001 - 33.080000
* 33090001 - 167850000
XAOBEREE IS ZF 2RI

ZEE[m]
-@ T
@ ° :
&
S K -1
25 5 10 15 20 %#A
P km|

6.14.6 [TEEGIAZENE] & RIS & OHBE-M2.5 UL ORI M-
Fig. 6.14.6 Correlation of “Quantity of vertical displacement” with the hypocenter distribution —
Hypocenter distribution of M2.5 or higher-

199



6. 14. 3 #E=

SRR A - R TR AT B & BIFA IR, 37 E BITHISR L LTRUVMHREN G 5, EIFSTh
DWEIX] & DHELNZDWNT S [EGYTOMERR L 7o REOWNEX (X 6.14.7, X 6.14.8) & Higd 2 &
B 6.14.7 © [@OWEHX (ZHIWRETCOR SHZHEERTEROIER L X 6.14.2 O [HFEHETHH
FAET HAE DR OArEDME—E L T 5, K 6.14.2 THREECd TRIEE 035 507
BB DD % %ﬁ%ﬂ: (BN HTEER L COA ) 7k, X 6.14.7 0 [OOWiHX), X 6.14.8
OWAHIKAN S, W CHRPEMmHH DI XN CEFITBE L= 7 OREEER S 5,

utz)%%ﬁﬁ@ﬂﬁﬁik%‘/ﬁ%ﬁ « At SR BIOBISR TH D), MR mA N &
JROARITIE, 351 & BicHig & L CRVEBIN S VA TEWERR L 7= AN B O R T & 50

ARMME (A 2) RUEEMMEE (R 3) OEFHER

BERSME (200846 8 14 B 08 B5~24 BF. M=2.0, FE 20km LLi%)
— WMERDER —

39N
L ERsEE D ETKR
" ERSHE (2008456 F14B~21 8, N22.0)
19 - MEROER —
o . TDa—a' WER
6.0
b
5.0 | Ja%
4:0 o
30 -
20 Bl —
a0 140°40" e I 1
- 2 20
OopmE QoM mEE
m . (km) \
\ X (k) @mb—b' HEE
i e o ai B 32
SRyt L . o
10 2 0 o 10 k)
e X . L) o
/ \ 5 15 {) .
2 20 0 20!

6.14.8 TEYTIC L DREDOHH®
Fig. 6.14.8 Analysis of the aftershocks by
Japan Meteorological Agency

L SGYTHIER B, RGTTHIGE TR R © (BiEsER
RN AL 20 4R (2008 4F) AT - EHAREHEE] (2o T

(BB, k2046 A 26 H

http://www.jma.gojp/jma/press/0806/26a/kaisetsu20080626
1030.pdf

6.14.7 KEITICL DATEOHM®
Fig. 6.14.7 Analysis of the aftershocks by
Japan Meteorological Agency
HHBE - GYTHIERER R, RGYTHIRS AR « GRERFRERD
R 20 4 (2008 4F) HF « EHANEEHTE] 12OV T GBI,
Tk 2046 A 26 A
http://www.jma.gojp/jma/press/0806/26a/kaisetsu200806261030.pdf

200



6. 15 HiiEHh R & DRIROME

SO TR X [ HISE S IrE I oG ) 7I3, BIE, T

FHE RO TND D, HARD TRAEEE] (TG Lz U TEREFENE EN D, T4 SAR HEifg 4 H]
WCOT Y TREEMRT 5720, #5082 VT, AN & OFRBIZ 08T L7,

6. 15. 1 fRAT—4#x
] U7ttt 7 — 213, E A0 E HHEINBCRR S TFe 36 Z 72 o 7o, HURIERZ OfiAES:

B> B SAVIZAERIAR OT — 5 9 ZAH Uiz, AREHONE 2R 6.15.1 17T,

N
i - LT 8
" f ST T mwenarr
,‘ " I e
~ !
- .'
- Ll
M R L P
Y N -
L . . - . \.‘
:‘ \. e . hRS
e L ‘s
: - I ‘.
! . * a “a
4 R 3
. o P *
-’
-
[y
F
-y l' -
oo E
WA e l"
AT
ST T FLBI
- )
. * =mm
miTHIE RS 8
Y IATRLE RS 9B
’ - -
v, T immmssmTT
»
e I e
-
375 75 15 225 30
km
S

6.15.1 fABEHCHIFEEL (RS A IFEO fEA 7R3

Fig. 6.15.1 Slope-failure interpretation range (broken red line shows range of slope-failure

interpretation range)

201



6. 15. 2 abE—L R{EEEREMSROBER

ab— LAl 0.7 LUF D&K= b — Lo Rl & AR OB A K 6.15.2 (Rd, AR
) 85%705, b — L AEHO.7T LLTDE=Z b — L U AFEANIZ MM LTS, ZDZ Enh, T
DEWVEIIZIEWT, Ko b — L U AFHRERET 5 2 & T, AEI 2 ERS TRITE 2 L5 2
LD,

N o o
N
o
$ AN
g e
p qQ
B e
0 25 5 10 15 20 []Jt—byzﬁuﬁﬁﬁ

km JxA

X 6.15.2 {K=b—L A fl(0.7 LLT) fiEiek & R/ Ah

Fig. 6.15.2 Low coherence range and slope-failure distribution

202



6. 15. 3 HilEHhDHELELEEDBROERE

(1) FHEA®

HIFRTEZN RN & AR AR A G EC, BRA ARG L7, HiSRImZAA i & Bt A
DELRAEDEXZK 6.15.3, X 6.15.4, X 6.15.5 (T~ d, aHlHEEIL, KO 2IHE TH D,

- BANTIARES 72 0 DRI

- AR REER

Z LT, BHMOEMEIZH LT A T BEER LT,

N ! (
] I

ALY = \ 3 ==

“ Ty oJ- ..,.f"\
’,qvj s W e N

; SELTE

’f e :“'"u "'*- *

F *’-\ < e & 3

% e =

& L iHEETYY
i & -
e S - I e
L - 28 [m]
. e = 025
s
25 5 10 15 20

X 6.15.3 HPUZEALE: & AR AT
Fig. 6.15.3 Quantity of east-west displacement and slope-failure distribution

203



L _i¥EEIY?
[ e

ZEE[m]
=016

= »» — & :-28

75 5 10 15 20

6.15.4 FAALZENI &R & AT
Fig. 6.15.4 Quantity of north-south displacement and slope-failure distribution

204




A

f TP
I s

ZEhE [m]
— 17

— & =11

25

15 20

10

4

6.15.5 FEEA(E & AR
Fig. 6.15.5 Quantity of vertical displacement and slope-failure distribution

205



(2 HitRMOMFREELLE & FIMAEDTESE

FHREEH W T, THIEERM OISR &) MO [HEMORTE AR OEOERT. X 6.15.6
\ORT LD, SAREHORREERAR Y I OB LA EGTe 7 BV OE 2 KRR I AfEE LT
FHur=,

|
‘ FRiRMARY T

FRiRMAR T

i) /N

-] N/L

T TIED, .
XBE L

T

6.15.6 AREEHIOMER AN & & R ABLOE R
Fig.6.15.6 Definition of the quantity of ground surface displacement and the slope gradient of the

slope-failure area

Q) TEAmRL-Y OFEnE CBEIEORR
Tkem2 H(THFEA 72 0 Ol & BlEOBE 2K 6.15.6. X 6.15.7. X 6.15.8 (2R,

N
wv

&
2 20
i
1=
g 15
3
3 10
=
=
#H 5
B
o 1
%:;“ﬁgésogégz”::’ﬂi”ﬁi%
HAEEBHE[m)
AT ROBENDN T A

6.15.7 HATIAFE 72 0 (Tkm ») D pAgEHIET - BPE R Eh
Fig. 6.15.7 “Number of slope-failure locations per unit of area (1km?*)” and quantity of east-west
displacement

206



127.6

HumHEH-Yo

8.0 73 7.1 74 509 65
0.0 15 1.9 1.7 1 36 35 438 53 33 34 29 45 49

0 \\\\\\\\\\\\\\\\\\\\.\

© < AN S B o < — o«
o R e I o —
DN R

o
o

™~ © VI N N 0«
o 996 ©0o0oo0

-2.65%
1680k

BB EE(m)

At RO ENIN T A
6.15.8 BYEREY 7~V (Qkm ?) DO FAEEHE & B E &

Fig. 6.15.8 “Number of slope-failure locations per unit of area (1km?)” and quantity of north-south
displacement

N
o

-
o]

bk
o

HilE
=
>

()]
-
N

Y

BumEST
oN B ® O

1.5

EEBHEm]

6.15.9 HAIEAEY 72 Y (Tkm ) ORI & T HE) &

Fig. 6.15.9 “Number of slope-failure locations per unit of area (1Ikm?)” and quantity of vertical
displacement

207



(4) HRiRMhIRER L BEIEDRR
FREEHEFER & BERORR AKX 6.15.10, X 6.15.11, X 6.15.12 |T~d, £7/-. N0 sZ
T DL 7 DR EEOHEOIEAZE 6.15.1, & 6.156.2. & 6.15.3 [T~

- PREHTEAR O BENR (R J5TH)

8
7
gs
s
-
)
)
1
0 e uwERENSN NN NN LA O
’}Eﬁl'ﬁl"c‘sc‘sqqs sss88 " 3333 N'n;%
| RERER(m]
KAT M DIGENIN T T A
6.15.10 FAEEmREER & AR EN R
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Table 6.15.1 Slope-failure area rate and quantity of east-west displacement
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-1.4KH 0 0| o 0
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-1 ~  -08 8.81 45| 0.0354 04
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-2 ~ -1.8 6.39 11| 0.0444 0.7
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Table 6.15.3 Slope-failure area rate and quantity of vertical displacement
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m m) (km) (%)

) ® ©) 100 x 3/
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03 ~ 0.4 32.88 249 0434 1.3
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0.6 ~ 0.7 16.81 141 0117 0.7
0.7 ~ 0.8 12.31 66/ 0.0485 0.4
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1.5 0.074 ol o0 0
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222



(2) fE)k 2 : isbd, hmyo, icns

-~
% \ /’\\
/ 1 / |
D I
\ 4 ol \ !
\a/ ) \/’
; Ll ——
- 9
za .
RO
g\ SRl T ]
& ) 14413 B2
| EERE | EEERE
[l oes- 00 Woee
Bl 042-00 B 13--098
[[Joor0-083 [Jass--0s
044086
h 1z mu:g 096
.|a,2| .097 14
p 5 90 2 % L ol BT p_5 70 20 S @ LA || ls e
L - . p— . .
HRPE 7] FAAL 71

N BRI 2 ORHEAE @@ﬂjr{ﬂyﬁs‘ﬂﬁgﬁfgé isbd, hmyo, icns ® 3 s
O GPS FHARMFET D [ ) P 22N St 2 A8 E

6.16.6 isbd, hmyo, icns DFA?D GPS FHAlRIZ XL 2 HFErEAL T ORI #X
Fig. 6.16.6 “Quantity of ground surface displacement in the east-west and south-north directions

according to GPS measurement points of only isbd, hmyo, and icns

fEIE 2 OfEFHIL, GPS #lH|5D isbd, hmyo. icns @ 3 SN EZENTNDHZY T THHMN, Zh
LSRRIz ) 7 A R B S Ty, 22T, X 6.165 LXK 6.166 D2, 5K
TCRRHTIZIUN T, IRAERRIZ 8 DN 5T 23 s LU 2 iElak 2 filsk 2 Odtipe & AR L7z,

SHIET HDHERICIN T, B OIEINERT 5% T L0 2 5L TN DHER A LT
Gl Th, ARIOK 6.16.5, X 6.16.6 & [FFEOTHEIC LY | FHHl7RZEAEOHRED FTRETH
HEEZBND,

223



6. 17 MERERORRERETFROMOBITFEE DL

AR T, T SAR IR 2.5 WRTTMT 2 AV N GRS AERF O RREEHE A= TIRIDFT - 7 k%
BRLUAT LI, 220, KHEOBMEAHES T 5720, WEROHERFAERF D RS A= TR 0OfE
WTEO TGS 2 L Uie, e L7-oi%, 18D 1. 1. 3 Tha Lz, K 6.17.1,
6.17.2. K 6.17.3 " 3 FHETH D,

(1) BESHICKSxFbERE

Stk oD TP SEEfEIRE TS ORZUTIR) < [ HP SRR EAME ) P Oxlgik e L
TRET D, RIS EFRAE ORI S SN DRI, 760G, BESMEZRILE L
T, —ITEEE 5 TREL EOHE A RIS & L CE T2, 2008 AT « EHNEHEORSIC VT, TH
S TSR EEREPTEOE SRR 1, THIERICHE AR ORI K TabSKEIAE D falRE:
RS END Z END 2IREEBLIEEIIBRICAHZ L] 2#HME LT, EERICEVE 6171107
R b SREL TR A kR C E S S AT,

SE{EIEEE]= [

2008 FEATF - BEHENIEEOHEET
EESN
[ 204E 8 A 26 H KEYTHRANESIERE
SRR 20 4F (2008 4F) HT + EHPREHEOREN
LEORH L]

RIR

X =&

B =mon

] mmesm

|:| EESH

— TR SR

6.17.1 2008 FE5F  EIRINFEHIEE D TRV S B RIE T OB RO Elfixt g Y 712
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BITE, EDSKRG LT AIGEAZEOBERIL, FICHREORUKEIZ L 034 L7hEZEZEE L
TEY ., HEF OO KHI AR AT A KOAA, a5 e U TR L7 SAR g CHIFE
T2 E LTS, 2072 ZDOEITIE, SAR BEHHO D, £+ km2 FREDMEE X
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Table 7.2.1 Resolution of satellite image

B4 ALOS-2 &y fifRE | ALOS AVNIR-2 [j | « ALOS /X1 v — 7 [if4
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Table 7.2.2 Specification of SAR satellites
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. . Table 7.2.3 Average evacuation ratio calculated for areas
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