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FEIIBES 2R ETODA, MECEFMEEZHELLHK., &
OB VWE ) EEHO LICHEEZY I AT X — T E
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RRed

Z Z T. Rgreen: %,ﬁf@iﬂifﬁﬁa%@}i%$
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Rpreq : 7° 005k I & H O K4 3

2.6 g AHE & g fE AT
WL T RTALEE E R H Y BRI TS LT — X
RTINS D O IEZIT V™, RO TIZIEHAEE NDVI 72
CEBREMT AL OBEGHERLEEOBERBMHITEZITO 2L TH D,
ARG TIE. WA I oW Tk, ERDAS IMAGINE(ver9.2

Leica Geosystem Co.)% H W\ TAT » 7=,

2.7 AL
2.7.1 L& IE

HERICI > TGS T — X213, HERO AR 2 £l %2 K
BllebDThod, FHICAZ 2MBOMBE TH > TH ., HE O
BRI —0RE, BIRUIAICL s TEALATWS, LEMEIXIZ D
LERMPENRELEZRETDIZEZERL VD, REFHOR
i D WA AT A A, EAEE G L BT D NI AR
(Ground Control Point: GCP)% FiE 7 < % & L., KEH KT —
KIS ELIELOCMEMELIT )., MEOBRIC., = RFEYHEE

(Root mean square error : RMSE)? 0.01pixel YL FiZ72 % X 51T

ET 5,

2.7.2 KX IE QL #

R IHMEEONIEMOMIZITIRIANFEMAL, LB O K4 -
BHEINLIZXALF—FRA D FAPIRIFPCEENDZ =T 1YL
FLFIZ Ko THRINAVDCHE S ND, ZOEEORE I ITRAONRE
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WKk FET 2, iET — XTI KRKOEBEEALTEBY ., OO EK
N T O2BICIIRADOERLEEZEEITILENDL D, KRADEET

ML oEEMEs 2L 222X, KEMELHEEZIT I,

2.7.3 1EH AL P
MEEHPORNIANEYX T —~ AT H2EMRE - R L — 1T, H
BEoERIZCETEL, Bl LE-EGIZEELNELD, TORED
EHALBE 2T, HEHOERSSARO R BEZER L. 4% ¥
HWAELT 2L ERNH D, T T, BIroFike LT, /ML N REIE
LTWwWa2EmGOEROEEZEW T2 ke LT, Ny FHIE
BRoFEEZH VD,

L% M L7~ — %% Bandl’. Band2’, Band3’ & Band4’

T AHE. UToR(2-5)~(2-9)THIEEIN 5.,

Band1’=4Band1/[Band1+Band2+Band3+Band4] (2-5)
Band2’=4Band2/[Bandl1+Band2+Band3+Band4] (2-6)
Band3’=4Band3/[Bandl1+Band2+Band3+Band4] (2-7)
Band4’=4Band4/[Band1+Band2+Band3+Band4] (2-8)
Band1l’ + Band2’ + Band3’ + Band4’ = 1 (2-9)

2.8 L EEUK Ay R B IS AR

NDVI FZFfiic k2L ER, THWOERLKTHIERLAROE
BAEZT L2 ERHE I T WD 6970, I o T — K o fig 47 5 T
FTZINHLDERSEREBLZEATVWDLZENBZILNDLITZD, AL

(2008) T —_HFrHl oA L7-m@nr o, LK AL Water
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Content Fluctuation Index(WCF)ZZ%X L., U FoXNTHERRL =,

WCF = (NDa — ND3g) / NDs (2-10)

ZZTC.NDa & NDpid o 72R¥EBA,B)ICB IS ND E{#E O DN

HETH 5,
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FHI3E MEMOENGTKROHEFEMOMETET —ZIZ L5

B UK oy 48 g s oo R R

3.1 FL®»IC
ARETIHEBOFILLE LT, VE— MYy U7 2L 0 KH
FrEZHWT, EBOENGKEZHET 2 FELCZODVWTHRFZ
ITole £ 1997 TH IO HICERIC I RKERNBELLZERE
BHAKT# R X 245810, MESEEON T — B2 H v T LEK

SAEBMOMHB ORI ZIT oL R OMELTE Z X 3-1 1277,

3.2 MHE KOk
3.2.1 JEiEFER

BREROLETEARSmWEE S L T, & 28 EAKNE O
SHIBOILEBMAZRRTCEDIREROAT VL 235 L Lz, #
D BE AR ILL . o H ot K H R E(400nm~1,100nm. 3nm [H
fa . BB 3 E)E W TR EEZNE L, /6 KSR E R
WEoEEEZXZ, FLMNEKRTH 80CT T2 MBI, wiE

AMEL, EodKELZEBEEETERL L,

3.2.2 MizEEE L E G BT
AT I Wz 1997 42 7 H 18 H & 2000 4E H A R @ + #b 5K
BICRESNTEMEEELZN 3-2 17T MMEEE% RGB I

Rk E RAROERFTONRAE Wi RI I XY @A A& AT
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SE.H ;19974 7 H 10 H (W PASCO #2 fit)

X 3-1 it 22 B E (H K i B 5 e X))
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3.3 MR L BH
3.3.1 77 )t B R Ml R

F2EDOK 24 DERNZT KO FELY . 2T HEICH
LTRGBOZN TN DOMHEE %, B: 400-500nm., G : 500-600nm &
R:600-700nm EfEE L., T L OHEBOFEH DRI EZEHL
Too 2D ORFRINGT 24T o R 2 3-3 127+, RGB i (2
*t s L7z DHKHFIRBAKER E EBICHEAD L, 0T 0
DEEHICEBWVWTH BEAY FIZBWTIEHHEBERNENDL O & o,
B2EOK 2-4 DFENEGKEO SN H R RE %2 8 5o LR
K 3-4 &KX 3-5 2T, 3-4 © — WMy TiX, 520nm,
570nm & 720nm (2B — 27 BnAE U=, —F, 3-5 D W 4y ith #
TiX. 550nm, 590nm, 700nm & 750nm I —27 %24 ULk, Zh
COE =7 KRBT DA HEORKELNLEZIK 3-6 25T,
550nm., 570nm, 750nm DO FE R AHIZFB W TR A FE L LB 5 I
v, BWHBETE -7 EITEEBEEMICEAL T2 LRI L L
o, E—ZHREICBIT D20 NKFRIBEZALL TWVWDHA.
ITNOLORREEHEER EERT D, D RFEIY FEH LR
HREEOE -7 HEREE(LICEs THEWICHI LTS Z &0
LB E— 7 EORKEANPERNKS EBEXNH DL Z LD TRBEINT,
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reflectance (%)
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il

3.3.2 FEEE O MY

EARABOBHHEZH LW ELEEDOLE. RGB 24 L -,
ikl O S Rereen & R A O I F Rrea D EH &2 W72 U
TORIZHAWTHREFZIT - 72,

R[:M (3-1)
RRed

RIEDOHREOBRMBEREZX 3-TIZRT, HAAL FTIE, WFho
HETCLEWHBE LR 7N RIMEORBEITRBEREMR & &b ICHER
Bz L, 0w ERLE, oT, MZEEEOLEAIZEWNT

ENGARKEOHEEE L LTRIVZAD THL LI IRELN RN,

3.3.3 it ZE B &H O fig i B
1997 4 7 A 18 H & 2000 FA HABH oM 25 H %2 RGB 12 7 fi#

L. Skl b Re ok % AT RI 2 6 MEk L 72 38 1 K 49 5 4 B
e

NI

%aEX 3-8A L B3, WCFHREL@MAL TIERLEZLEKRKSE
I OB BIZ OV TIT, 2000 EDOMEEEICEB W TIX., 4 >0 H2E
BEHT—ANRNEFA 7 INT-HBETHY SHEEBOAHTHNE 2D,

1997 £FOMZEEEIZX L T2 EBHBLTWDLIEFTZE0 0

h*

g2 W TAT o 7e, BBAKSEBO BB 2 X 3-8CI2xm T,

CZTCTWCFH EEZIZUTFToXEZHWTW 5,

WCF = (RI.-RIv) / Rl (3-2)
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= ¢ o
1.1 + y = 1.3658exp(-0.0083x) » = 0.9007 *
1.05 ' s ! ! |
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22T, atbFRERLIEFEXLT —ZDRIMETH D,

X 3-8CHTCHRABHITLEKSOLEHHEA VA NEFTEZRLTWD,
L2L., 1997 E D 2000 FOMEGTEZ KT D& 2T OHHIZ
FIEPRRE IR TR P BB R o T, ORER
LB OB N DA VEF L T SR 2 o B AT
EOERIZLIbOTHY BB LI ND., Ko THLE
OB HENFEL ThDERAHO BN LHEKSG OEB IR D 720 HE
frée&E 2 bbb,

3.4 fHE
AKETEH., XA BHEICLI2BESOERNEG KEOHE FIEIC
OWTHRHNEIToT, FLERAKEFELZZVAHRBOMES®E T

— B WT. RGBT ML A LREBMDOBERROLNDL RI
WA LENKS D AEGER L, 20K E AT, WCF
EEZzEMN L CTERLULEEEBARKSZHE OB BN, HHEKSOE

D WEFT 2 ME LU T O R ESG T,

1.RGB IZ M LIZE AN FORKPE R TIE. ERNGKEL MK
TR o, L2ALARRL, Skl RAKOKEEROLE W
EEANC RO RLEZAWD Z & T, BENGKEOH EITIZA D
To o T,

2. RIM O ENK Y A B 2 Epk L, WCF #5415 2 3 A L 72 1 8K
DEBBBEGEERT L LK BEAKSOEE R DR E
Fr oo fi i o " REME S R S Tz,

. A AR LA WAIHIOMETEHEICE W T, WCF 5 % i
H¥srzébTc,. MUtMpBCTCHL VI FMHTFTCT, LEASE
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o4 E N T2 Landsat-5/TM & — & % W\ 7= 1 Bk 4 £ &)k o

o o kot

4.1 LI
RETE., BRI OBIHE 2H L T\ 5 Landsat-5/TM 7 — ¥
ZHWT, EREIC20104F 7TH 7THICREHRERNEELLZBERER
KRB ZFRIC, BEREHEOFELH LSRR L B R OENRNZ K
LOBEMBT L MEBOENGT KELMHET 2HELRITL 2,
EHlz, B8 HFEY O Landsat-5/TM 7 — # 12 2 O fFIE % i H
L., MESOENEGKEOLEEEN DL R 2D RO 8Ky ZE B
OHHZRLEZ, Zh b 2 E5HICELMHMB o Landsat-5/TM 5 — # (Z
WAL, MHEEELERF L2,

EERICRE LN EREGTOMBER EMEHETE (KE2 v

Fov s FRIEM) A X 4-1 1289,

4.2 MBE KO JIE

4.2.1 fir B mig & ol B g AT

BRI H DM REEGOT — ¥ X Path-Low;112-38 T, 1984
10 A 22 H, 1989 4 10 A 14 H &L 19994 3 H 6 HOBLW A %
AL, A, BERERRErEZSLR L LTSI D, HEH
BTy — 2 xEGHTAHELTUIIHEWEEEBEZMEHL WD,

4.2.2 fdr B g AT AL B
[ S

19994 3 H 6 HO®BT — X &L L T.1984 4 10 A 22 H .

4.2.2.1 i1
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1989 4 10 H 14 HOK W BT — X ONLEMIE 21T - 7=, K& % E G
P 4-21C, (MBMAELEZRHZO BB EZX 4-3 LM 4-4 12T, [

BERNICEERZTERSREL, 2 TORIZE W T R EEEGR

e

M (RMSE)N 0.01pixl A FiZ 2D L oW EL -,

4.2.2.2 KX E

KREAMMIEDO —F & LT, 1984 4 10 A 22 A @ Landsat-5/TM O
Bandl, Band2, Band3 & Band4 ® # {4 % X 4-5, X 4-6, X 4-7 &
M 4-8 o T, (AVIFME/mMOEBG T, BUIHMEZE OB B TH 5,
W TFTICRLTWEEARN T AITHBOEEONME2HRTHOT
b, Mt A AR, BMEBIAEE CH DL, KRS I X D HEE
T, BRICEXT/HhEIWR TFICXdEEER DD, VAU —HE
D, XNV ERICBTDHDEA NI T ADONDL BNV EOBEKRE KX
4-9 AT, MIERO B GO WK CZb ERX Y OEE X, Bandl :
60, Band2: 30, Band3: 15, Band4:5 s E#HE N K& bl
SN T/hESL D, RRMIEIZ, £ FOEBONESH LN D O
EEZLBILKSZETITo, ZOME, BOH5BREL AV —#HILOE
BRBRESNL, HBEOME I 2EMNICTE N LEEN L 2o,

4.2.2.3 1EBiAL A0 B (T 4 1E)
TR L & L C.19844 10 H 22 A ® Landsat-5/TM @ Bandl1,
Band2. Band3 & Band4 ® B & 2 X 4-9, K 4-10, X 4-11 & X 4-
ZaRd, —flE LT Band2 OB O —#H %270 —X7 v 7 LT
W, (B)DIEBAL % o mi B iE . (A) o IE Bk L B [T o g2
T, WoOBHENAHBREIZRY, P OERIER S L,

_39_



X 4-2 frEWmBoTT — % (199943H6H)

_40_



(HBZHOT=H¥861)% O

>

)

[H

e

THETL €K

(LETH

=

y

T

)

_41_



(HPTHOT=6861)%

>

)

T EIT) P-76

(LETH

=

y

T

)

_42_



(BT g HTH:V Tpued Hgs HOT=HV86T)

[} — O ATBINS Y OINL/G-Yespue]  G-¥[x]

-

Ly

webogE g

L0y

_43_



(BT g HTH:V zgpued HEe HOT=H¥86T)

[} — AT X OINL/S-YespueT  9-¥

952 1} =
x v ¥

L

T

D

4

<

e By

| BEEZED

_44_



(FATHY -
fig)—

Ja5T

=

d

@

DTV gpued HEg HOT4¥86T)

AT Y OINL/S-YeSPURT Ly

852
T

waiSopny

()

_45_



(BT g HTHE:V Fpued Hge HOT=HV86T)
1K) — O AT N OINL/G-Yespue] -F[x]

352
¥

&
10
D-

Fari

(@D (V)

_46_



oI 9ROBHEOT £ 4 LAZLH2N] AveE 6-TF

(wup06-092) (wupe9-0£9) (wupT9-029) (wuozs-ost)
ypueg gpueg Zpueg Tpueg
0
01
(]
Y 0¢

RN
N
\

013

ov

0S

M 09

(074

LR

_47_



4.3 R K OEE

4.3.1 FENEKEFORED KR

B2 EOAL A DENGKEO SN H FMEH 5. Landsat-
5ITM ODHENY FIZBT 2 FH K REZHFEHL, ERNEKEKRD
FEOMMZIT oo, ZEOHET — X ICd T 28 Tix, k¥
DRBEZIVHBEYPOERFINDZ X NLF—EHN, KT D5
FRTTr Y LEICEID, BN, LTy —icm<< 2o
HBIZEELRIEITHAEDPDL. CNOOEELZRBIE L0
CODAXRT b e N REFHLTCHERBEIFR T DL Z LICX
D, ZThoDOEBEZBRELTHBO AN MLVOMEZBMAT H 2
EMTEXSL, L2rL., —DODOAXT Fb - N2 REFIZML»DE
BRH->TRGAET, WRFHFEICIVHEMESINDIATEERD Z7-0
rana 7 4O EIRANXT NV THDHREOPEER Bnadd & ¥R
DO EH Bandd ® — 5> DNy REH WELU T OIE B2

NDVI Z [l T, EEDOBRE 21T - 72,

NDVI = (Band4 — Band3) / (Band4 + Band3) (4-1)

Z Z CT.Band4 & Band3 /% Landsat-5/TM @ Band4 & Band3 @
B oy e BRI R & R T
4 4-13 I NDVIfE L B EMOENGT KROELZ RS, £ O
R 77708 M5 NDVIE X, BN G KRS L TE VB
R LT, £, SHICENBTKEOHERKEZRIET 57201
¢ 4-14 ICEMMEEHEEEEHBELZ D2 RT, FEHME L HE M
TERTEUTLIMBELERY, BVHBERREROLEATWVWD Z &2
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5. Band3 & Band4 Z /W7 NDVI O LY | ENEGKEOD

HENTE DA REMEZTRLIEZ,

4.3.2 T & & AT

1984 4 10 A 22 H., 1989 4 10 H 14 H & 19994 3 A 6 H D
NDVI #i 2 X 4-15 2773, BB ICFH W T NDVIERN & W, T 2b
LREE R & W2 W)E 28, BESOENGRKENE W Z L ANH
EIhbd, BMEHOEDOKSIKEIT, TOBMARKRAEFEL TV D HMIE
RRETMIC L) BT 50, EANICITEEAKSICEZICH
BrRHL, TITHEANVRNTIRAMERD RICERIBLEEZIT > T
W5RA, NDVI B ixeR2ic iMoo R BEREST LT TR
W, 22T, AMBR008)TIIMEOEELRBM T 572, LHK
SyEBE  WCF o & 48 AL Wb, WCF 8725 Ko
NDVI B o E&HE S H 22 & T, BESOENE KR L H)

ZHEMTLIEETHY, UToOXNTERRSIN D,

WCF = (NDVI. — NDVI,) / NDVI, (4-2)

ZIZT.altbFBRELIBEABOBET — X2 KT,

1984 4 10 H 22 B, 19894 10 H 14 H & 19994 3 H 6 H @
NDVI B % %2 MW THER L BEAKSEB RO BE B Z M 4-16 2758
T, 2 Z2C, BOAMITEEAKSOET N DR EFT, Mg E S R
G EEBICEDRNEEFRE SR LTS, —RIZE Y A — HH
THBWMBICE Y BHFITEEARSNRRSL, Lo T, Bip b

Wzl L TCEEKRKSOZEBHB DR WEFIZ, FiFLEKD D&V
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RETHDL EHESIND, LEAKSPEWEFTTIE., BRFEIZLDY
TEA TSR EBICIR2IRNTS, WA T 2R, £t
DEAIBMBECR FENEE, REMBEBOREOHERKICAR Y H LW
RBEPEVWEE X LN D,

X 4-16 O K EGE THHINTZRAH 2O ER > LH 22X 4-17
R T, 3 M ABE L LEASEHBLOMB AT > 2 L T, Xk
D FEAKSEBESA LR VEFOMHBRIITXDEEZ LN, £
S ZERT O —&I2.2010 FIZFEEICHEAE L LW REFRAES
gt (OB EEN TV D, M MEOfRBRED & 5 & FT o

CHEMTH DA RE I N T,

X 4-18 [ ARG ETHM O HEG & L E oK L L
bR T, EHEESENIT., JAXA N RO FmKHFE S K
J FEMEHLTWD, tHEKSEHBOZEITHI VRV EfE S
BATICIE, EOoORBICL MM LB S I X - TIiE. M
R R EOMNEBEREON G LROLRVENICONTHHHE ST
Wi, Ko T, WCFHEE+2H W T tEKkyZoEKoMmH» 5 & E A
BEOBLRMENGWCEFTOMBICEBE T 212E. &2 8RE K2 ME
EbNZHMEmMIIHT L THADTHL EEZEZLOBN D,

4.4 B

RETE, ERAEOBRHE 2HL WD AN LHEE Landsat-
5/TM 7 — % MW T, KA 25 Landsat-5/TM 7 — % @
HERNRIERIET AR EREZEH L, ERNERKEL2HET
LIEMOMBE 21T o 7o, EWNAKD AT B AL 6 5722 5k o b B K
SEBBOMMB OB EZIT V. LT O E ST,
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HWEENGKEROHEREIZIEZ. 700 7 0 VO XKKIL AR
FLTHDHROWEEE D Band3 & R4 @ 3 £ Band4 %

W7 NDVI DR A% TH - 7=,

2@ R AEBELE LEAKSEEBOME 21T 2 & T,

TEEAKSEH N DR VEFOMMEBOHGTEMEDO R EIZIE—E D%
BN o7,

. %Bﬁ%b:%éLf:iﬁ&ﬁé%%@?c:i%%%ﬁf@z@/}\fib\%}?ﬁ@_%ﬁ

GEALTVW LI FBHEREOCRED D D EFTOMBICAL T
o D FAIREME DR S T,

bR EEOK S ZE B o B 2 S R BB O fa BRME S & W AT o fh

BHT 23, 02BE KoM AEICELDRIZERRICH LT
AThHoHrEEZLDBND,
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Fundamental Study on Identifying of Water Content

Fluctuation at Sloping Surface Using Remote Sensing Data

FUKUDA Sinya

2015

SUMMARY

In recent years, disasters such as landslide have frequently occurred
in all over the country by heavy rains due to climate change. Such
disasters threaten our life with safe. The generation process of landslide
is complex and complicated; affected by geological and topographical
conditions, hydrology such as groundwater aquifer, and weather such as
rainfall intensity. Thus, prediction of landslide has not yet achieved.
This research focuses on soil-water condition as a cause of landslide,
and attempted to identify the locations where soil water content is kept
high throughout the year using remote-sensing technique.

Remote-sensing data applied for this study were aerial photographs,
two types of satellite images (Landsat-5 TM and ALOS AVNIR-2), and
photos by digital camera. These data were selected by considering the
spatial, spectral and the temporal resolutions as well as easiness of data
access. Using the photos and images, reflectance-based indices that
represents leaf water content were examined, with a help of experimental
relationship between spectral reflectance and leaf water content at crown.

As a result of analysis using aerial photographs, ratio of green and

red reflectance showed a potential to abstract the areas where soil water
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content is kept high. The advantage of the aerial photograph was a good
combination of spatial coverage and resolution. The disadvantage was
the data acquisition cost and the labor cost for data manipulation. These
disadvantages of the aerial photographs were not available in satellite
images. Also, satellite images such as Landsat-5/TM and ALOS/AVNIR-
2 measures near-infrared region, which was advantage on estimating leaf
water content via the Normalized Difference Vegetation Index (NDVI).
Comparing the two satellite images, Landsat had an advantage in data
availability, and ALOS had an advantage in the spatial resolution. As a
disadvantage of the satellite-based estimation, cloud prevented the data
acquisition and/or analysis. The approach using photo by digital camera
was somewhat similar to the one by aerial photograph, since both
approach uses green and red reflectance to estimate leaf water content.
As a technical difficulty, using band-pass filter generated noises to
obtain the reflectance data. However, this method also showed a
potential to detect the areas where soil water content is kept high.

The results obtained throughout this research showed a potential to
detecting the high-risk areas for landslide. The technique might be
further useful with data taken by Unmanned Aerial Vehicle (UAV), which
has rapidly been a popular tool of remote-sensing in recent years. UAV
has a good combination of spatial coverage and resolution. It can load
infrared sensor, and the cost of data acquisition is affordable. This study

might further extended by using with UAV.
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