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ABSTRACT

To reduce irremovable radiometric distortion on images observed with remote sensing sensors, reflectance adjustment
approach based on the positional relationship between soil line and full vegetation cover line in red reflectance (R) and
near infrared reflectance (NIR) space and raNDVI (Reflectance-adjusted Normalized Difference Vegetation Index) were
proposed. The raNDVI was subsequently compared its reflectance adjustment effect with other conventional vegetation
indices, NDVI, SAVI and MSAVI by evaluating errors of each pixel value between two years in three different vegetation
type regions. As a result of this experiment, it confirmed that the proposed approach properly corrected the ratio of R to NIR
for unifying the vegetation index values in the preserved vegetation areas. It is also showed that this method had suitably
changed the length and direction of the reflectance correction according to the positional gap between whole scatter plots
and origin of R, NIR feature space on each image.
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EHEECTH D . HIE L SN VEEEDTR - TV 5EDS
o ZO LX) GYh. BURHER URERICE b3
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FFICE 7 2 R CREAE TR B2 BRI 2 56 1 I3l AR
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EAED Fig. 1 DIKEBEO L 9 IROEBOHIZE F
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DA Ao —F. KR R DML NIR 55729, +
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MOMHEEEIEET2) OFAT n+30 DE (n
77— Y XENTO/R G EHHEOTHHE, o
37— 7 KEA TOF 5 RO ERFEE) %
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Fig. 1 Typical scatter diagram showing relationship between near
infrared and red reflectance for a vegetated area. Gray area
indicates original reflectance plots area and white area
indicates adjusted reflectance plots transformed by - p.
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22 L 72 raNDVI & —#1 Z2 AR R L O IERI R O
R AT o720 ISR 2 RAERROR R & 2 0%
Fe% Table 1 12F & 72, Huete (1988) (2 X4UE, SAVI
W& END LIEDRBEMEIZOWTIIN G & T 5 5EIH O
HEFEIZL o TRZY), BREERETII L=11E, &
REAEBE T L= 0.5 A2 B AR B T L= 0.25 42,
HEGH Tdp B &\ ) EERHE R 25T\ 5o SR L 72
FIIL, WIS SHEAERERINTH 572012 L =025
ALz, IS OMATRBEORE L LT, NDVI X
ERALT 2 2 & THIBRED L ) AR —% KEEOK
E S OB HHIEZ1T 5 T 5, SAVIL MSAVI,
raNDVI ZIEBALIZIN 2 THRELD H T R, NIR 12515 54
DT> TWh, L7z2A> T, IS DOATREE Ik
$5HZ LT, ENETNO I B AL % HEE
THIENTE D,

2.3 MR SR

ATk R e 3 Ak i ) | B2 T T2 3 2 B € 5] 37
DT AR T & e LA 43 BE 26 43 49.11 #h 2 b L 43
F£ 39 57 9.78 #. HUE 144 B 25 43 11.77 £ 70 & HURE 144
F£ 45 57 5451 #, 605.6 km? (27.3 km X 22.1 km. 910 pixel
X 737 pixel) DL T & FERL 72, Fig. 2 HOFEHMTH E
117 Region 1, Region 2, Region 3 |3HEAFRELD HLEIZ W
ToRERER DM 2 R L TB Y . €N Region 11 ¥
71 N — < BEVE (Picea jezoensis — Betula ermanii) |
Region 2 © 4 7% (Sasa spp.). Region3: M K< v —
I X F I #EYE (Quercus crispula — Abies sachalinensis) C
Hbo YT % EREIIT, BREEHRREREY
ZktEt vy —H3FEME L 72 B AR R e AER A O
AT O R % FIH L 72 (Biodiversity Center of Japan,
2011) o FHIIHEVE OBUEIL Z 11291, Region 1 (1.20 km?2,
1333 pixel). Region 2 (1.16 km?, 1285 pixel). Region 3
(1.04 km2, 1151 pixel) TH -7,

Table 1 Vegetation indices and their properties compared in this research
ACRONYM Name Formula References
- . SO _ NIR-R
NDVI Normalized difference vegetation index NDVI = Rouse et al., 1974
NIR+R
SAVI il-adjusted vegetation ind savi=—NVR-R_ 1.1 Huete, 1988
soil-adjusted vegetation index =NIR+R+L ( ) uete,
— 2_ _
MSAVI Modified soil-adjusted vegetation index MSAVI = 2NIR + 1 \/ (2NIR+1)"—8(NIR — R) Qi et al., 1994

raNDVI

Reflectance adjusted normalized difference vegetation index

2
NIR-R+(1,~1,)

raNDVI= R s R—(1,+1y)
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Fig. 2 Location of the study area. The white line indicates three
different vegetation type regions.
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fEHT 12 1% Landsat-5 (2358 S 7172k >4 TM (Thematic
Mapper) 7> 5 B3 & v 7z 4 BR8] (1990 45 8 A 3 H.
1991 4 8 H 29 H. 2006 48 H 6 H. 2007 48 H 2 H)
DT — % %M L7z, Landsat 3 KGERIGHLEZ & >
T3 720, H RN &R & & BIMIREZ) TRl 10 I
i &3 ITE U CTd %o Landsat TM (X, T 4
WS BGHRIF CIE TNy FOBHIEER 4L C
Who AENETM 2 UG S N2E D ) B, JRtak
(Band 3 :0.63—0.69 pm) 3 X OULARYEE (Band 4: 0.76
=0.90 pm) DT =¥ L EHAERKEHEB Lz, i
LOINY ROZERITHREIL 30m TH S,

2.5 misLE

U5 L 72 % ] 0> Landsat B o> DN fil i, #00ER:
TOY SRS 2700 HKXIC L) K
R b3 T O RS 1248 L 727 (National Aeronautics
and Space Administration, 2011) . MODTRAN4 Ji¥ &4 {z %
O — F& W ORGHIE 247 W R SR 2 Ko 72,0
Z D% AT R I & ZFOBFEICBWTEE L 16
Db FIEAE LT Z AT T 7 4 I K BRI &
1T o 720 #iil# /53113 Nearest neighbor %12 X > THF L
720

FIEER. R, NIR 22 C H3847 & i KA B 2 5K 6D
BEIABE LR EMERET 572012, Y A7 HREER
L72o MOICHGET L ITRATFEICLD 6 77 Z 0K,
E, HE&, flid, 33, W) (SHE L7, SERIC
(& Majority filter |2 & O *FEAL L3 D /7 A X5 % B
FLTwb, €L T, K, £, HBRZBRETLZVAI %
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PR L 720

4O R & NIR OWi{§ % b &2, WS 2 K iR
¥ (NDVI, SAVI, MSAVI, raNDVI) O {§% {ERK L.
RAEEIIZER 16 DG % 1572,
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g, B X02006 4F & 2007 EO WSRO % % 2 7255
A, NS0T -7 IXFIZEO 8 Al sz d
DTHY . FIHEIRL 72 3 B FT OB RERE (X E ARG
IR S ) . ANAWEEID 7% L iz £721w T
REAIRAEIZ K E 2BV IE R VW EREL TWE, 2D L)
BIGEDT T, T 2HETE Y 7 VO TEE
DEDP/NSVITE, FEREIZILL ThwinZ L ik
LTBY, FEEMOFFEHESELTETCND EER
bNb, LROFFET, 3 DOMWEETE IOV TEAlE
¥ @ % g L 72,

3. #% X

2006 4 & 2007 4 NDVI., raNDVI H[{§ &, #1650
Y7 e VEDOC A NZ T A% Fig. 312R L7z, R TlE
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Fig. 3 Gray level differences in NDVI and raNDVI between 2006
and 2007 and their histogram.
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NDVI & raNDVI Z 1L Z 11122\ T 2006 4E & 2007 4E D
B COMAETRBOENERLTVD, BB L —AT—
V12087225 09 F TOHPHAZ L T/RLTWb, Fig.
3 £ 0. 2006 4 & 2007 4E O NDVI B {5 X BHE O 7= Ak
Z VA5, 2006 4F & 2007 4F @ raNDVI H{§ TIEHEEA 1T
EHRABEICHIESN TS, ZFEEO R NT T AD5
A7 D ¥ — 7 1L NDVI & 2006 4£.2007 4 TZ 1271 0.90,
0.82 FEEE L 0.1 FTVEDZEAD R 5720 — 75 D raNDVI
D 2006 4, 2007 FETIEEEHH 085 FEETHY L A b
7T RMMIFEPL TWize SO ERS D, NDVI & Lk
L T raNDVI T O FCEFZE O iE 13 AE TR B o0 fiE % fi &
RN TR DD EDFZ S

raNDVI OFf IEIHIZEH 35 & 22N o R O
EIE (1, L) OfEIX, 1990 £ (—3.9% 103, —1.27 X
1072), 1991 4F (—1.06 X 1072, —7.3 X 107 3), 2006
£ (=7.1x1073 2.05x1072), 2007 4E (1.66 %
102,933 %x10 %) Tholze MIEBEOKESIZENZ
v 1 Prggol = 1.33 X 1072,
=217 X107 | phyr 1=9.48 X 1072 Td » 72, @I &
L T, 2006 4 & 2007 F O IE&E O K & S 1E 1990 4 &
1991 FE DM IR & i L TR & <. & <12 2007 4D
ERPROREPo72. T2 WIEHEOFS X1 1990
FLI191ETIZEL S B HEIRPICLAMPMVEL T
% D%, 2006 4 TIXE 2 RBR. 2007 £ TIEH 1 RIRICK
FUEAZE LT,

Table 2 Tid 1990 4F & 1991 DM {E E L U 2006 4F &
2007 SEDER OB T, TN ENOMPHEFE TD R & NIR
Dt 2O DELEL TWD, v ITHIER OF
YRHEOWTHY) Y=NIRIR TH b, V' \THIEHED
EHRGROTH Y. V' = (NIR- L)/(R—1)) Th 5,
F2 AV EIAY I Z R, 1990 4 & 1991 4,
2006 4 &£ 2007 OB D Y. V' OFEOHMAEE R L T
Wb, BEDIAYHIXH L TIAY T RIEIZ/E L
HoTWAI ENRbh b,

Fig. 4 TIXZNZNOMMBEE DL E 7 LIV TOIE
HoMomMERBOEY ., ZRFHFHREZE (Root
mean square error, RMSE) T7r L CV>%, RMSE 2%/ &
WIZEEI O THRA RO ZI/NS < AT
EENTwpr Tl ehb, Figd k), k%L T
raNDVI @ RMSE 7%z b i\ (0.02 205 0.04 FEE) & &
W5

FTAERNICA D & 1990 4 & 1991 FE DR IZHART
2006 4 & 2007 4O [H] @ 75 A3 NDVI @ RMSE fli 73 <
MOFEIIFERE D L IHRW W) FHRIME SN,

| Piogr 1 =1.29 X 1072, | Proge |
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B ARMIIZIE 1990 4F & 1991 4F @ [ |2 H < T 2006 4F &
2007 EO[HTIE NDVI 1349 0.03 F2EERE <. SAVI (X [FFE
J&. MSAVI, raNDVI {34 U T 0.02 K o> T b,
72721, 1990 4E & 1991 4E D Tld. MSAVI 7% SAVI &
HATRMSE EAK & WV &) #ERAE 572,

WIZHEREF RIS A B & Region 1 & Region 3 Tl
W& & b2 TORMATRE T RMSE 2372 £ 9 % fED
iM% 7R U720 72, Region 2 T3 OREY#E ¥ 12
~, SAVI & MSAVI ® RMSE 7' & W 45 B35 5 7z,
HARMIZ1E. Region 2 Tl Region 1, Region 3 & L L
T RMSE 7% SAVI Tid 0.02 2., MSAVI Tl 0.03 F£E
VLW RERSE S N2 raNDVIIZDWTIFETO
TP HETS %3 L CIRIZFEAEE CTH ) . NDVIIZDOWTIE
J#|Z Region 2 C RMSE MK - 72,

Table 2 Each simple ratio of average infrared reflectance to average red
reflectance on three different vegetation type regions

y IAYI 7 IAY']
1990 9.73 9.06
4 1991 12.08 2.35 8.67 0.39
Region 1 5506 18.91 12.66
2007 9.57 9.34 12.79 0.13
1990 10.25 9.78
P 12.18 1.92 10.08 0.30
Region 2006 15.99 - 12.92 L
2007 9.70 : 11.44 :
1990 9.40 8.75
. 1991 13.36 397 8.99 0.24
egion3  Ho06 20.53 . 13.28
2007 9.87 10. 1371 0.44

Y means the ratio of original reflectance and | A ¥ | is its absolute difference,
while 7' means the ratio of adjusted reflectance. IAY'l is its absolute
difference between years.

Region]l Region2 Region3 |Regionl Region2 Region3
1990 - 1991 2006 - 2007

ENDVI m®mSAVI OMSAVI ®raNDVI

Fig. 4 RMSE values of each vegetation index between years in
areas classified as vegetation type.
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AR DJER % E %9 5, Fig. 3 DAFRIC
DWW Cld, NDVI & raNDVI (&, FHERITERL L 722
ROTVDLETHEBETIED S, L L&D S, NDVI
HEIERT O KR 2 i L CHARBEFE L Tw b,
raNDVI Tl FEEIZB VTR & NIR D54 ORLE &
IR Z I LT, hHei & o RREA L & D38 % 3K
W, INEFEEBETLZETRENRZMIEL, il
ARBOFEICHWTWS, L) HTRES> TV,
FERIRT LB Y HIEEITFFIC 2007 FORFICKE 2o
72 (1Pyge7! =948 X107 %), HIEROKE S1d. HilEHi
DR AT DR E2 5 O R T NOREEEZRL
T 5o E 51220064 & 2007 4TI HTORIED 7 -
TWb, L72255 T, 2006 4 & 2007 O TIEH & D
R & NIR DA DM EDOHM 2 FhrxZKE{RE
NIR % #H1E L 72> NDVI TIN5 5 5 A a5
{2 RMSE 2% 0.1 (287255 1) . —75 raNDVI D413
HIED#EF. RMSE 250.02 FEEEDZIZINE o 72 & E 2
bith,

NDVI & raNDVI O R T I IEBALIERTH % 720,
NIR/R DI ERERRIICEE Lo T D70 RUFERZE [ T
Y7 L )VDH NIR /R 755 L \Wia1d, MAERROMIE
L\, Table 2 DGR L 0. 2 KEH] O[T ORI %
TEDOFYEEDOILDFEINYVI N pIZL A R E NIRD
MEICE DAY I ENS o7z, TOT EIE, IR
L7ZWNDVI TIIEDOEIAV I BRKEWORHDED
KEDo72H, HE L7z raNDVI TIXIEDOZE A YT 29/
S NTBEOEL NS L2722 L2 BRLTW5,
CZOFEFR LD raNDVI 12 & B #iIEHRIE. En2noi
% LI R & NIR D43 A OALiE & K% T8I L CTHiE
N7 MVERELTE)., TOMIET 58 L AL
BETORENRDOIZHIZ A L )M I N T D Z
EV B

B, SHIE R, NIR ERTOFATBHIC L A2 HIED
AT, RO o TR & i KA R 2 12T —3 S
BAHZENHIR, LA LA S, R & NIR D HAHRIE
28 7% 2 L9 RS MIET 2551013, FATREIOA
TIE M & ARG —RTEhnI e bE
BNb, ZDX ) ATk, TR L R AR
EENTN—FIE5H &) EEBHICLLHIEZ IR %
CELMETTALENHLIEH D,

Fig. 4 TIZ NDVI, raNDVI [Zfil 2 T SAVI, MSAVI &
DB %R L TWwAh, NDVI, SAVI, MSAVI T #H %
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D R & NIR D53 Ai OALEAZAL L THIRBO R 7 )V
TN ALEEDL RN, RONIR DEVEEDE T4
FEHBORMSE DAL L THN LR E L > TV D, —
77+ raNDVI TIEBR T & \EDE % ZH1EH 1, [, %K
W5HTEDPUEETH H728, R & NIR D57 ORLE D
WORE SIS L THIEEZEY)ICHEZEL TWD, R E
NIR DL ) £ O WCHIE SN D Z &2 X 0 hiA 8%
raNDVI OB 2541 v, raNDVI 2341k & L CTH & RMSE
MWMEPo T EZ BN,

WG TIE, 2006 4F & 2007 4O [ T NDVI @ RMSE
B2 E Ao 7z ZAE, FIaR Y 2006 4F- & 2007 4F
DHTRENRDGFHEDTNDRENS72720TH 5
EFZZON D, 72, 1990 4F & 1991 FF DT, MSAVI
AYSAVI & JERTRMSE AR & Vv & v ) R DE S
M7zo FRNT L 7-HEW IR 2k © KREAETR LD 1990
L1991 DM OBEMRZ TR D &L SAVI O Al i
(SAVI g9, = 1.04 SAVI 990 —0.022) . & % 4% £ 1 0.72.
MSAVI & [ 51% (MSAVI, g9, = 1.21MSAVI, 99 —0.099) |
PLEAREL 0.88 TH - 720 SAVI O R o X 112
1210 TH Y. KO SAVI OEIZRBEOMEZE & - T
Woo —HOMSAVI O FAOMEE 5K 1.2 TH D,
1991 4F @ MSAVI & 1990 4F O MSAVI (2 LR T K & 7%
I EZR LTV 5, ZOMEAAY, 1990 4F & 1991 4F D [H]
T, MSAVI ® RMSE 238N L 725 A & Z 2 b1k, Hil
ARITIE, A TOREAETRED Region 1 & Region 3 THL
72 &9 7% RMSE D[ & 7R L7z, £72. SAVI & MSAVI
13 Region 2 THEOREWHE ¥ 12 < T RMSE fli %5 \»
AL S A, raNDVI I DWW TIIHIMEEEIC L B k&
REWIZR SN, #IZ, raNDVI I Region 2 T RMSE
WK A2 > 725 Region 1 & Region 3 CBkDMHE % 7R L 72
DIE, TENETNORYEEFEEIT TO R & NIR D454 )3
HEHEBGES T2, WIESFEICT b,
RELTHARBE L TALLL) iz o/ E 2
bMbe FEREE, Region1: ¥ 7 v )N-2 < Y%L
Region3: b K~ — I X+ FHEIT L ITETEILTER -
WHREE BB DR TH | Region 2 D X 9 7%
W TR DR A LTz w2 b, Region 2
T SAVI & MSAVI @ RMSE fEA i W E A1 237 6 L7z o
IZ. Region 2 TIIMMORE R & KL TH & DR
DHADIESDENRRE VDT, HERE L TSAVI &
MSAVI DfEH X5 D&, TNTNOFRENRKELL 2o
7272 DI RMSE A e 072 L E 2 HM b, SAVI &
MSAVI & (38 BRI 12 raNDVI I ZFEP) BE R OV I &
P ZITY, NDVIIZI o722 826, 2o
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2 D DIRHIE Region 2 D FUFERDIZ S D X0 § % 55 H
WY hrolzZ ENFE R b,

5. ¢ &

ARWFZETIE, B 2 B o B CREARELE L3 A B
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