O gl pgwe 5 SR Sladios oiagh — soke dalleal
(WAY) CAYEAVA oo Y 6y led Vs

FCD

Yol . LY. . N L (T
ULl s g g 9 S g, il de o Sl g 515 cpame (s|JaJ~:..a
moeinazad@hotmail.com 155 51 S .01 g5 o851 (srab b 0aSS1 (MUK )l el (gt ok 5 )
Q\).é,? cli..i.}\b LNCLA S ISES]S UL".\.':‘...:\J _Y

AVAINY = s dy 'Ci)U AVV/YA 2 osb s '@)L}

ouuS>

slaesls lestinal L Jld el S 3,80 2 sl (K by rSljj)FCD Jbe LUl gt ol 5 Gaa
semi Jdo S Olgs oo ComslaBly an s 35 O g bl Glol S (gl S Je gl Vo le )l sale
ETM" oo 2 sbas sz (nl 53 25 5B ol Sladisad a0 S 2y oS15 3,505 (sl 45 ol expert
D3 e 5 2 35 50 O sle Dbl s &l e Ol g g K ailaie 1 \YVA ol S YV '@)Uqbﬁf
2256 2ose sl ala Slexr leslsale nsad 6550 Sl g adsl Sledila el 5l ey (Je 2T gl 28 S
el Sy FCD Jute ol S o515 4 gl 53 5 3 S avalone b 2y il jastls 5 alS oS15 jasls
E) é‘f cl.@.li.&- Ol S cjo ‘L}i", L;LG 6‘)}.2 S 31 el &5l QLE.J& U"JL’“‘J” nJo.pb- Ji.\;- (,Sl).: PR
S oS15 atE S 55l laes s 8 stuaih (4ib 0) s stuaib S (akb V) LS (gl
@)U‘UL)JJA\\"" w@bwd‘\}hwgﬁ 6}))‘ Lo ysde C))}«é‘b A.;‘:") g‘;.f.;\j‘\.;i;gﬂ oS 6@@
o A e T 51 (Salise SUAE i sl 5 o5 (alph SlemSe Ml s pl 4 Ad 4 OTVA olosl s
LS ol 5 (IS S Ol o il b ikl 5 4 S il Sl eslitul e 5 AL Sgsa e unls
it 5 S S Ol s S dlees UYA 5 7Y Uslre %,;;4.!_94.5.:.19@)) Shudib 4 by ol asdlas
5 8 S Olpenen e Cales sy xS Soml WS15 olib Ole b HI6 e il Vs gusaadb s LS
a5 b (Mo 3 VO Sl i (552 B) 6 gl sl (K aib a4 bg e b Vs giuaih 3 e liSU 5 s
(Js.,p)éo Gy U:JULJ}._:_ Cb)ﬁf\)\dﬂbmﬁou.)\?‘yjf)lfwo\ﬂ U‘iJ:J‘iLi g;wl/\/'\j/‘% L)_;\J.;
S e oe 333 ol o515 b Slik SIS 53 e oS Il el b s o gl Sl K S

U.A}Lw Lo ‘;;“:‘) CA.:JLBU g&\jﬁwgﬁ ¢J<.> VS\jS FCD J.LA A% WJ.J 610}‘).&[.» ﬁ)L.a; 6.&:15 6\.&63“5

Sas LGl SHl 5 cledbl 5 K doddio
ﬂ%&'ﬁﬁé\;.w‘ﬁiwyéiééuwf Wbé;ﬂapjajm)jldjﬁjb&qﬂm

(3 bl il Ll s r}i:m/: ads A s



sty ot i 5 a8 13 eslial o) 50 5550
ST 5 ol by Jde cpl 50 010 53 caslaxils
o 2o OIS Ol LS Sl iy 53 (1YAY)
(Bl g1 Sl S L alie 3 5w 31
elodd G TAY Uslas IS s
Jde il e b ol e anlllas ol
Gao 3l edd g el Condls L 0T 5 Jols il
5 28 amlie canllas 5y Al ol Lo
lasals 3l aslinul b Laes 5 o815 3550 5 53 Je LB
RS ke s Cmss e cedd olals
258 58 Al 2 se Olnl dled Gl OB Lup 5

Levgy 9 Slgo
MLEA J)y&k:d

c;‘j Jti&h YW C,\Mj “ 6‘4.2.&“ PL L;.:-EDL? g_)'.t‘
Ol 53 peillr Ol gd Cogor kS ¥ o
u—ll-:-"‘j"-" Slaiss (\Jﬁ&) C,....Ja\:_éjf (a\:u‘ OLHd 5k
! n (e} ! n :‘}‘ w‘ Q)L:-p 1 ..
IS LS)\DJi;e- sle b 5l sead Ll aibk
L@_:T)\ wL@.&:uASCM.J J)ﬂTJrﬂjwﬂ c‘_;“SN_Ln
Loy et Msa S sl § 520 6l e
#;\L}S))kqjmybcﬁoaﬁg)ﬁ
J.&L,L;a 5)?}“ m;t.“.ha

>z

V ke VNl Ol g 5 SR Sliios Aeliluad

03 eisn 5 S K sl b sl s sl
S o B a5 s e Sl L]

Mo Jyoms sledia, Sl eslinal 5 e ol bl
o (SR b 4 by said Ag sk
Il byl XS Sl 0T (slojss plnil 5 035
Sl ) 2B g dul 035m0 S5 sl o
el gl (g SVl s s K Sp
5 Jbaume Jaine B L &S (ol [Sr Slkes
lod gy a3 ) 500l s (ASL adls (6 S Sl
oy opl 53 (S0 SaS loslpals glaesls 45 L e
Vsars 88 oksolls ghuaid sledss bl llos sal
Lagsls clifledos 5 o gleds, S 3l s s
3 Bdes aS/0,1s ok (sl sas 4 3L5 clilesls w1
05,5 G NV Jlo 53 Wgd 4 Sl 8 5 b
—ls a8 S Olslie el 4 anels
Japan Overseas Forestry Consultants ) (G x>
Forest ) FCD Ju.. «(Association (JOFCA, 1997)
“wE Sl m Olgea |, (Canopy Density
e ) Gloolsale nslas (g5, 5l o oS15 4kl
el e opl sl gl (Gliprl dos b
sleesls 5 s by oSS Ole s e Ly,
ok s Cletal sgmaa Cetd (gloylsale
ol o R W15 Clib gl eadss sladsa
Roy, ) «(Rikimaru & Miyatake, 1997) L. o Jd
Firman et al., ) , (Rikimaru et al., 1998) (1997
Seils (Ol s (535581 slas 528 5> e (2004

:)‘JJJ'}L‘ b\:v\-ﬂ‘ Jb k'JLhd ij@wy_\ JSAJ



Cokdd gbrosls 3l esliul b K S5 3,80 5 &1y FCD Jae b5,

Gl ey U5 bl Cbaal s csl 3 ViYoees
Slps e Yo S a3l Lo 58 Y o) glasl
A el Sl sba e T S o300 LV L
el Sl day i pdd awdis oo Olge 2L30 G
S sl (5585 4Y edis Dbeeal
S 2 os A gl sy SIS s glbals
laodiy BLbil Oy 35 15 0dd omal p gead
Sisled amio S5 2 Go5Ss 4N 5 psal 53 skisl
JR s s e osbay V) i L
s S

2 e ol s Sl eslial b ale il Suls S
S s St e sl 5l edel csa glaesl
Sl ek £ L ol S s SaS L Ol bl Suls
L35 Jlesl 5 g edinly bl (ol

Slaesls 45l (55,5 FCD Jus gl b ulad
oo p O 5 by s Sl ikl sl
S eslizal b 5ol Ll e el &S ol b iealy
aals 3 e jsba Ol laeGL ot g 0 SSle
Ll Jb 5 e S (Y U i) due (soleuin

(Y J5)

adgl glaosls pl g

e
-

‘\‘\_‘.‘

v M i g laaaly ol i al
-
.
o

ol KN

x
&
x|
0
2
L]

gl plaasls il ok zals

xrs— 1 1 X+15,

Sloslsals polas 5o besls a5 88 Solwdbe i anl b Y s
Rikimaru, 2003) Ll pl S guma bl

oyl el sl S

'

sslaial 5, 90 (glaesls

SANOrr e las b SIS0 esd, slaaid -
C:?-jﬁwﬂjé‘ﬂﬁ‘ﬁyﬁﬁ‘)wbbjjﬂmﬁ
el gl sleeSe 5 Slolsale slal 0556
Sl Sl 5 s ek S 4 b Sles
Qﬁ;)\}obm‘ajjﬂm.hﬁfl)@yb%

JS (Digital Elevation Model) CLQ.: Bl P Jde _
sladi® 5hous C‘J’;"”‘ &L&J)lr.a b 5l esla
o S sl g ags VYo 31805 sl

AR .19...5.,:.« wlc.ial.g&l}aw&.ouhé\'\_
Sledsls 58 5 et e Gl S eslaal e
Lol Sl Dose 50 a4 gl Gl o3V 58,
o1\ m“ 0y o)'UJ\ L ol U§M| 9 a.Lf:Jva‘ u.»L:.iA
bgeaS odsol olss lense s S ag ey S
BEEE) (Wlld) J\.Lu BSEL Lv Sl L;L:m 0‘3)).; ‘Si “
saS ols palid Olsle vy YWVA Jle olesls e
W\OMQ»:J\JJJ

YV @ngﬁf\/@m Sloslsale (slaesls
}\‘V}K@)M@NL&AJJ}»M}‘ AN cLaJ.:S
A A Jde

G (9
FCD Ja ¢l =1 sl » (,"}I slesyls

Lo 55 Glolsale laesls wds Oleal
J8 i Ve ol bl s K55 5l 5
Sl Sleslsale el 51K 5) 50 0z 3 S
5 slaais s, 5l blas bls Slams 5 43 S



\YY

Ol amitips 5 M Al Olsee 03 5L5
Ol S0 s osbme Ol 2B gy Ol s als
e b Ll SRl awle el 4 by e uolie
sible 5sd o allS Oyl Ol 5l ale 055 5L 4
S B OH Ken o LS gl oS
Lol s Sl Az 5 LS e ol 1) L
ol s Gl el by olie OF i s
ol 3L bl

wlo Gextli a4 by e ol FCD Slade il L
Oty oS gl s s Sobear b SR 5
33013 3 5 S b (Bl Ay s (g e
S s f et Ll it (LUl 55 ol
SURSl il il sy (s RS b Osd S
Al falS 5 ol pale 2

553 AE jarls &8 cl Cueal Pl Syl
S al psghe o pldl St le axls
o ok S alS asls ai IR oS il oy
ol sbe edalis wle Lasls cidholls 4
AL el S e py i Gl G
AL by pll el Sl ks o Bleesls el
St S Lol WSTE s ST s O
A i Ot gl st lins Jb- s T e
clo S Ok 3 O g e OLS 65
Ve el S e sl (sledamSle LG
g bodd ol sl Ol (oSb- Ly 5 Sy

V ke VNl Ol g 5 SR Sliios Aeliluad

A sl arle ler lanl Jie sl L5 )0
Shadow ) « L. (Advanced Vegetation Index, AVI)
s (Bare soil Index, BI) i, 034 S (Index, SI
e 3 335 oo dewls ((Thermal Index, TI) 5,1~
S b pamle Sl cnl 5l el sy glaosls
23 g Camdy Ol BLIIY IS L5d o S 5
e s e 0L ) s et ls Ly 5 S
S A S g8 kS S e B
3 2l Ol Ol (SIS Olge 5 (L0 b
L ol sl JMae 5 Oldd Condy (3500 s
A e olis

e ] ?m

SRyl 3 b T ok Ky, 5 adsl sl pasls 1Y s
(Rikimaru et al., 1999 ;I .Lz3l)

Jﬁuﬂw@f@;mmwvﬁlﬁu&u
NDVI asls b oavglie 55 an,iy ol astls

0 S e 4 Cend G Sl
.(Rikimaru, 2003)



Cokdd gbrosls 3l esliul b K S5 3,80 5 &1y FCD Jae b5,

VYA

) e s WJJUL\G‘ ool e Ol hylg, =) Jyd>

Yo% 3 3
7 1 A, % 0 % 0 la s L
3 ° w 7

(¥) ol

By > - = AVI=[(By +1) x (Y05 — B;) x By, |
o gk S asl

ol L0031 S alS tiy aS (go5lee o
Condls 4 ALS el ol el aslee olis
Somls syl sl (Rickimaru, 2003) G G 5
WS 8wy s (A Gl earss
oslizal ik Ol St e ls 5l lips 45545
Osale skl 5l paxls ol albail 235 0
ol bl Gl apde @S Sas Sl e
Ld Siees) 55 5 B BLGL L 2 oS,
iy Samd s 5 e g O30S OB5L Ol (e
S5 A b el 5 G S5 Ll Al
Cond s Ol sy agh IS 0 U155 0 sy Ok
SL B ol sl LS s LS sy Ol
sl S Ak s (i O

S A asls @y 5 aalome 55 alail) Gillee BI 2L
33,5 o 45

(£) sl

BI=[(Bs+By)-(B+B,)] / [(Bs+By)+(Be+B)]x) - - +1 - -

(AVI) &b iy 2LE Lasls

Rikimaru, ) ETM"

(2003
3Br Ol 5 a8 55 5 o asloes (V) dasl, Juol> Iz
Slles plil 5l day ot £ 5 Y (gladily glaesls By

A giladle 5

By =B¢—B: (V) ksl

flJSJAJJASMJ'C)w\O&dBJJ
3 gh ol Sslie O soas el

Sl b S8 (V) daly ol - 3| I
Ao g el gl Sose al 03 S 350 o
Z&cbﬁM‘P

By <- = AVI=. (Y) ala

Dy st



Y4

a Vo)) 5l e 5 GNE5L 4Vl 5 b ol S
O T W g P L
T-K,/In (Ky/L+1) V) abat,
RS e Sl s T
SASVYAYIVY L ol e 5 s 50 1Ky
Ll e B2 o 5 Ky
1V« 4 watts/(meter squared * ster * pm)

L = Lunin+ ((Linax-Lonin)/255)*DN ()
SbsL L
DN=Yoo gl b3k Lmax

DN= is sl 630 :Lmin

ayl pas i e B9y g Slwlw el
(Vegetation Density, VD) _al& ‘.S 15

L it sk S aslt (S5 Sl pasls oyl
Ly bl s 0 3wl aLS e e ls 510 Sy
Dok S arls Ol (Soes g5 Ml s
drlos LS 25 el SIS a5 Ay
2l e ek S a2 ls Ol e A2
ool b e Soas cap B S NDVI
Aol laadlge o ccils LTy oal Sk
Jodoi ol s Al sl L3 0y el (PCA)
sl O 3358 oaxls 93 Dbl oS s S
Sl (& Sk oS iy ST KL
A RS sto U jhe auls 4 addge ol

V ke VNl Ol g 5 SR Sliios Aeliluad

OF day aw Sl (S ol sleS3s 5l S
4 by Sl Al gl dde opl sl
g g ¢ iy 33 Slaosls b 5l K Sl
S wle w0 by e ik slaesls 51 580,00 b wle
sesr s o3 ale U cou S Sl laesls
alo Gble 55 oS bl ol ale Sasls 33 S
oS S LAl eagdee 3 el CUSL Ol
e 4S el (gslsL OLLS 53,8 o el (sl
5o S, Pl & by e K 55 wle Ol
7o b slesSal 0 as i S
dslme Lol (padimle Sy p gl SIS als
S BBl slassls S el U ale Lasls
S oo s dkl il
SI= [(v05-B,) (Y65-By) (Yos-By)]'" ()

Bl
baes o 0SS Gl ole g3 Kix
(shielding effect) o Sl s LJ.ALG 3 g
G3A Shey Sl gl S S ozl
S s Jele S o Slr 1 0T 5 e A,
R S esie LS b Cel S cnl S e
glo ble & Gl ool Olsen U5 o Shs

3 503 o3litl (el 05 gl St S bl
ETM" sdovs V&L 5l 0155 0 |y 5ol = als
Sheslizad b DNs L Il ke ol a5 50l e



S ] 6\#0:‘: jl salanul \.3 Jgia- (.Slji' :)Jiﬁ 6‘}_0 FCD J.\.A ua.l._u'ﬂ

Vegitation

Density

L 2

Bl
255
" |
/" AHI
1 Pixel /

Vegetation
0% 30%

Bare Soil
100% 70%

70%

100%

30% 0%

(Rikimaru et al., 1999) a5 oS5 dus ¢ JS&

(Rikimaru, 2003) Wl o o5 alu & by o baesls
Sy Sl il psba Gl saisOL al el
Rl olean Clulse 5 jexla ol 51 eslaxl
Ao @iF kol eas Jhj polie 5Bl o e asls
SSI: Scaled ) ;5 ale jarld aSis o g V00 U
wh iy wle yetls 558 s slilss (Shadow Index
gl ale el 5 @alS atle S5l
Cwlo

Oe Ol e aBpin Al Lasli Sl esliad
5 S 0k Gingl 4 bae S8 s
dia ol e sl Bl S b LS i
ol b bl Je nl sle S e S S
.(Rikimaru, 2003) > 3% .

(obw) 0,5 S lyls Gl gluls
o5k b Ghle Sl gl fasld 4 by e slaesls
Y RO TRCINH i Jo T PRI (RS TI
oS RUSL) Cands e on SSpol 505 sl
S0 sl Ol by ls 1y (5 e 635 3
03 sy e S bl 5 ale gble glulis s
ol S T &l sl gble 3 a5 bl 51 U
e s o5 Sl s &5 able s Llis 55 g
el 3L5 ol s (gt 5 oLy ol
alo Sastls Sl el Cosay laesls (5108 wasss b

2y b 1) JHG ol Ol Sl el

(ASI: Advanced Shadow Index) 4 imale jasls
Glaosls il oS1me Sl [ i3 rb 55

et 5 Agles Wbl gl Ol e 536 (Glo ) 5ale
3355 38l p Sy (Singb WSIE sl O
w5 Ol 03 oS sgye S G AS gy ol il



g

) sl

e Sdly Ol gy adle Jliprl (SIS 8
Jo ol leeSe pluly 5 Ao O sou
A3 S ag anlas 5,50 ailae ViV ere e lds 5 VYVA
SeS L ekl Sl plss lenSe bl ke p
bl s b o)l g8y Jde 5 B S 08 slaaids
ekd meal SSL g5 ldle S e 5 (RS
S5 ol s W5 el 5 Solise e 23S
sy blday &5 5 e 0/07 il s ol Solsse
St Sledslo 5 OB Jos 55 a5 e 535 LU e O3
Sl RlB e ) s S S

Sye adlaie B 03 a Sl Il o Jaos 3
3 e e S odd oL Slise 5o asllas
Rl SO it o« 58 L Al
Lol 28 SSo e 5 Obles glasy
Sy lBles ol ss sese bl Sl eslid
L 0 Loy ploe K5 5 ol @ Ol 20 5
(o b il Ay (A Ok S Bh i
St wle = 5 beslr (Bl ($3lS (e
J':,iﬁcl: Sl pl 5o &S L slaeddy ales
ek by S ) pon alm e IS SSE
S bl bl bl bl Sl gy, Se
Shdls sy dis 5 (250 Szl s y5e 02
Sl elicbri@les S 2 o oS A
Sl 53 5 b 4B ST g Srems e 5 Gt
Slr e 5 550 Gingl sl V) 0l s s
bR sl K sl il Ol S A5 Gy
(Sa S Tosds Oladad) e 4v S o3l
Aoy Sk OF Gl 25l &S w5 S 2 s
Sy g cduaib LAk it
S5 gluadb e Cundly Glaald ¥ 5 Y sl

..,\,Jg:,...u:g

V ke VNl Ol g 5 SR Sliios Aeliluad

b lg sl o Al JouS
sy K s 2 SIS 5 g a iy
R J}-U d‘jv\.’ (SSI 9 VD) apsin 95 .«\J‘jﬁ

L gd oo Ol Ao s 4
FCD = (VDxSSI+))"" -

S bl (STt o el 5l el |
e sl 3ol slassls (55 5 3 S e
S Lo Slalas) e dr SSE o L 6 e
Sl ol s o sode 25, &S s 4y (5,15
ISy Olgblae Ko S3dme 3 izl Ao
5 gotke A 4 Job AlE e Sl
A g daarb Y Y sl s

Sy Slab o Y Jyu

Abngl Aoy Bl ok (Sny asks

ho %
oW
b I
%
( )

S Jolypd o i ol gadd - Y Jr

Seb gl Ao 5l olb (S awlis

% %
% %
% %
% %
%
%




Cokdd gbrosls 3l esliul b K S5 3,80 5 &1y FCD Jae b5,

gl Ol 5 50 A/VA oy jemme S 5 5 e VEE
oS by 5 X e S 5 VAL gl e
s Rl omes Dy e VO/rY 5 e VA/0YV
g 53 5 VY RMS (slas Olin b lsa (slene
S Gl by same S s e 1A 5 X e
S cgwes IS e VSl sl LS
Se0le 4kt YV 4 by e RMS gl b,
o S Y e 9 X me Cg 2 (Tie Point)
SlemSe Sulise N USE oy e tEA 5 e Y

e e LS \)AMW&‘}A

ey (o985 oY Sl (el whp 03
SIS e clais 5l &S baaal ol 5 baosls s o
2ra i glaedidy Loy el l sl VYO
bl s NS aile slpa Se s el sale
2 S

s
LA PP I

\YY

ddbe @l 21 51 Juol o515 428 Come s
S5 eddgduark ald (Jde LB Lol sl
E Gduail 28 L oJde sl 5l Jeols [RE 5l
e oSy @ Sy Dot o) Sundly (ST
SIS Cmo s s S Ay Jslr O pon w4 S
Shuatb g5 90 4 e s Ll aale LS o
Gnrl Ao gbais gy @S ose
x5 gladb Vogduadb 5 glab 0 sauab)
dlos S8 &) pon 1 i (K Jle slyss

.QJ;M)

hr Olbvonal
Olbeeal bl 5l day loslsale s 0 IS
Olsen a3 e 0L | anllles 3550 dilate 51 wdis
X jyme g 53 0 ) lakil gl s RMS (gl

§ o

! i

axdlao ;J_y:&.'wn}.\m a‘,a.hdu. Wt Q\Pr.?mﬁ fl:u‘ )'|.\~.L5|a)|‘,hb ﬁ_,...aa"_OJS.i

e

axlao édeEJAeéjJ:u e|ﬁ.mu, ‘gb‘h ‘S‘AJ‘S.F &.i;a_‘j‘,.d_-\ J&&



vy

Dok Sbt st a5l ol pas 4 ISCS
O3 Gl wand sl pl 5o das o ol ) il
gbls W) o5 alS hdy L L a8 Ay
Blodd g 55 o5 Ko 5l pledse daoslr (S
S (Wl 5L ierl S ploand Lo
Gble pl 5 axla pl Jlds 5 358 0 0dos Syl
Ll i o 2 s b gble 4
Llodis Slowles 3515 5 o3 S poleos WalS Glaans
s gl byl ool Gble 4 by e

e u
T el B 1‘1

BI) yasls amlows 31 Jool>  goas = 4 S5

Wl s etle ol caeS 5 ol i s ol

.C,.w‘ JSJL:I)

1“*“'?- T lpraplen  F li

(S1) ale yasls amlow 51 Joolo  goas = \+ JS03

FSosba @by wle (ol @ by s

s >0 .()) JK.'L) Spd e odsd ale jastls I e
S wle 2l g Sl el Gl el
Ol 4 el ol ol s et B jho o Lgd 550 035

Soldis ol Sas oSy a wle jaxls s Koo

Ve VN s Ol g 5 SR Oladou Al

PE S sl el sl b
Oy et 9 abee A S VLS
axlllae 5 g0 adlaie e s o OLES S8 4 |y ALS
oDl L Calods o3ls OLis K b bt & o
Sopp adlae Fobded Jled glacand S 538
5 Lolr b e lacwnd & 50 5 axdlas
Oljen 0252 ¢S 25 0 03 088 S0 4 (558 bl
S Gble iy &8 Gble ol o alS Ay
5 SA Gl dms DML el ke e
oarli b alS sl el lade O S S
Sl S il elsl sl gl cos NDVI
OBLS 5@islis o) ol s b 5 s
5 Bilee ke | Latls ol ke ClEl il
S Syt Camlem AVI Laxls o 5,50
Gty 3l OlS el leShs 5 K oS5
A iy bl glcad 4 by gl Sy
4 Cond NDVI (ol st Loy o sl 53 M i
Siie palas Ghls AVE el js blue gl WS,

.Jjﬁwo%:fk}afs}) &)4{)5)}3

welele u
T (aplen P ! A

(AVID) jasls sl 51 ol p guai =V IS

e
LT A

— - ‘A

(NDVI) jasls amlows 5 ool 5 goas = A S5



S ] 6\#0:‘: jl salanul \.3 Jgia- (.Slji' A)Jiﬁ 6‘ﬁ FCD J.\.A ua.l._u')‘

b Stan o fhy ol adlllas s

4 amg b olaly (Cod NDVI alS iy Lasls

(VD) kS (515 o5 bl e ol 4

O3k St s (NDVI) alS ids el s plesl 5l

(PCA) ol slaadlie Lhmi isja (BD _ids
(VY Ji.:) el 3o

0.‘:...:' 12\
| B )

(VD) (alS o515 drmlons 51 Juolom  gos = VY 03

(S5 Aoy a1 Jol 4t V2SS s
oy oled (o1 il ysea (FCD) idpzU
Sz b gbte KUl 5o Gble ool
S L Gl @ by o Gble 5 G50ST
S ke K a6 05 b reST 2l
el Ohled s Loty axlllanig ge ailaie

i
L I

— A

U:*:-’?:CU VSUS Ao s PRI Y JSJ

Sy (S| 3 olib glaais anslie 5l ol c,L:;
35 e Candly glaaii L (FCD) Joe 3, 5l olkal

.C;..»‘o.)\..j: CA—A;-\ 9 0 6\.@_}),\;—

\Ye

4.:\.@ u.a.ﬁ-u).b 45&[}-)3 cmt.:b‘b bYOO ijw.'

Al e Vor b s an iy

1 = 3,
—

(SS')@&QMPLZ@W}‘&\’JQ.M_\\ JS.J

r|:,-l':-nr 1&

ols Ol Sl Latls waloe s VY SE s

G tlie s Fodss Slacend 53 el
il o3 maw Sl eddable Sl - s s oS
o s sl Sl & e WaCa
Gl ey oS s ble sdes [ sba a3 ol
U3 Lol s by @5 ol Ol (M SRS
ol sl (S el s 55 Gm s s Dl s el
T S W P wcIy jo

L ' A
[

(T Gl S jasls sl 51 Juols goas = VY K3

e
T | it g} [ 4

Sl et Ly Ole o Siar oo Slslows Juol>
Cwlo s C)b ¢ d}J}- BE ulwirﬁ d}.)u Sl L, L;AL:\;

Sl gatls Ol (Kimed o 2 s it Jgor

Dby Osk S asls LNDVI 5 AVI alS iy
St o b pas L
- BI AVI

-/ Bl NDVI




\vo V ke VNl Ol g 5 SR Sliios Aeliluad

@b 0 55 ghnaib (oo 5l ol 4l ilghs; o s jtomdly (g giw) Las Jgd = 094>

S e o 0 ¢ v Y \ Sl
AY AYAQ ’ R Yo o1 VEY \
/XYY vivy \ Yy ¢ Vi \va Y
AR v \Y " \42 23 Yo i\
+/€4 ARy 1 AY \ns \4 1 ¢
/YA Y4 A \Y Y . 0 0
\04A v ARY: V4¢ V40 avy g
/XY WAL /YA /¥4 A sdiS A g Covp
W IS coe
YA /. LS s

b V o ghuaib (oo 5l Jool> adi tlghiny 5 (sun) Cotdly tlg sim) s Jgdr =7 J g

28 Covwe g \% 1 )

¢ ¥ Y \ olb

~ ~— ~— ~— ~ ~ ~

33 sy op oKulx &S ¢lj sl sl ol
VS‘JJ Slalis Como 5 Cslaiils ol ena ;;i"'
doys A 5l i gble O 3 iy cpl Lol W
u,lS Cowo ‘).»ﬁb- quUm DL La‘ gg"_ﬂw‘o.)s.«i Lf;)‘Jf
gdb;wwjgtdl}pdmgwwuﬁjlomiwm
0 ;3 huaib) sy /YA LS (ol s WV Sl

I LIS IS~ NIRRT | PR CaRA P

J= s ae ge sl s SG8 sleesls
2 ootk =l &S Ldr sleds, Ope3l e
Sheslizal bos e Olgea Lb culasls s ble
sSOT L 5,8 513 ke sy se aikis 55 Ledy, O
o525 dler ) Gbls 5 53 FCD Jute 5l eslicu



Cokdd gbrosls 3l esliul b K S5 3,80 5 &1y FCD Jae b5,

FCD Joe 35800 o s XS 0 Joo G35 ol
S Wl s el &S ible 5 b S K o
e &Sl a5 b 5,8 513 O3l 5550 Canilans S
S 35 sy ozl ol sl anw s bl e o
adls ol e e ml Ghle (pl D3 due 508
$laisei o FCD Jue 5L pde Oppe a5 0L
Ko 5 325 o il ol S (S ke
Al e

Oal Vol vrne e bl slenSe 3l eslinad
L Sl sols bl plmil o w3 Cundly 4
olital 5 plon GleSe Cle plde ctle sl b
Sl VYo plds = s glally oS5 Oly
DLl 1 OF 5 ook Sl oS e, sleSe
SlenSe 5 sl Sl eslinad LS s wesle
Al Sl g g0 SSE O el Ol e
alil (g 5 sba motle pal Salos | Laody
el Dl S35 (Gt (pl g esliiad 358 (550 )
adae s 2U WSS Sl g Cendlslag
OGl cognd cpl (8,50 5o cgmaiiayls Jlisw
Vs slaib 0 gluaib) (oS5 gdankipr s s el
o g 4 ) Camdlyag Sl e (Gledd
e Sl Jes o3 OF sl s b s S Ll Lol
FASEEs s, ple & Cadigns Gble s )
S 3 e Lamadly a3t e olety pl ol
ol s el a0t S G bl ol S
S el 4l S eslinal i el ple s addlle
oo b ol WSe A s agpe 5 Ol Zds
syge e WS15 Olib bl gble 5l ol
2SO Al

'

b b ol adles =l Ols 55250 Ssles (aib
5 (Rikimaru & Miyatake, 1997) (G 4 S le;
S by e LS oo Olse O3 ol B
sk Ol s S lealliys) Conss 5 Ll b
A o35 035 Jlan 5 Sl o s il aalllas s
S S &S x kG5 s Conds 5 005 O35
CUL s b Sl o s oS U5l e
Ll s s b e osline 50 e i 53 038 S
LS e Ol T 5 1S ey il
Coslize U3l Ly Wige wlie Lyl s ol il
Jol> S 0358l L IS S Cils (glaST 5
SOYAYISISE 5 ol Gais s Je opl gl > 3
5 eaw 8«5 Saei Jamalabad & Abkar, (2004)
0 by e 5 e el plsl OIS Ol el
Sl e s Gl baaise b e sdly
S ol G e S Js il A4S o) son
e mlsr SleeSe plaly & M r ey Cgaly
o g Cmn pend Glae esslods

P L sl s S Come Ol jSl God
Shuarb s wlis Olge 51 iy kb 0 > gduadd
L baal plsl ul opl 500 s il Sl S aib Vs
ISR ICNERUPE SO I AN P
lodd Uast 28l a3 5 oS5 slaaid

53 e kSU S Lo 5 )8 Lo Dl o Al
055l Sl (K il 4 by e wib Vs gtnaid
A oS s Mk (Aos3 VO 5l ey Al £1)
5 S oo Ol Cpoml el IV 5 VA L
\ o i ) S oLl aik 4 g eaiS g
Lo WL sl a5 a5ds by (ops 01
S 58 amd Olg o o5y ol Sl S e Ao A
syse ik alie Ll i U ol s Jle LS
b ol Sl [ S 3 Sl G aslllas
WS Lol SSE s Jde a5 J s ccanl il



1nY% V ke VNl Ol g 5 SR Sliios Aeliluad

Model using Indices of Vegetation, Bare soil and )
Shadow. ww.gisdevelopment.net/aars/1997/. ool 590 2sleo
- Rikimaru, A, Utsuki, Y., and Yamashita, S., 1998. The ¢ e e T
LY v . > P L s WS AYAY e OG5 cp o sl o
Basic Study of the Maximum Logging Volume : i Vsﬂ ot A
Estimation for Consideration of Forest Resources AP b g5 ulan s 5l o ks 5 eslanul
Using Time Series FCD Model. FEID o T e
www.gisdevelopment.net/aars/1998/ps2. S (§ols el Ol
- Rikimaru, A., Miyatake, S., and Dugan, P., 1999. Sky - Firman. H. Ketut. W. and Irawan. S.. 2004.

Is the Limit For Forest Management Tool. ITTO

Tropical Forest Update. www.itto.or.ip/newslatter/ Implementation of Forest Canopy Density model to

monitor fragmentation in Mt. Simpang and Mt Tilu

v9n3/4.html .
. nature reserves, West Java, Indonesia. 3rd FIG
- Roy, P. 5., 1997. Space Remote Sensing for Forest Regional Conference Jakarta, Indonesia, October
Management. Indian Institute of Remote Sensing 3-7.2004.

(National Remote Sensing Agency). - JOFCA, 1997. Utilization of remote sensing in site

www.biospec.org/bpmt/P.S.Roy_Biodata.doc assessment and planning for rehabilitation of

- Roy, P. S., Miyatake, S., and Rikimaru, 1996. ) :
Biophysical =~ Spectral ~ Response = Modeling }%{érgg(.llggpe.ré'gl.‘est. Project report prepared  for

Approach for Forest Density ~Stratification. - Rikimaru. A.; 2003. Concept of FCD Mapping Model

www.gisdevelopment.net/aars/acrs/1996/ts5. 2
- Saei Jamalabad M. & Abkar, A.A., 2004. Forest %%iiﬁg;g?:;csiﬁf? 'lgeegfa%g verseas Forestry

Canopy .Density monitoring, using satellite images. - Rikimaru. A and Miyatake, S., 1997. Development of
Map Asia 2003. Forest Canopy Density Mapping and Monitoring



Iranian Journal of Forest and Poplar Research Vol. 16 No. 1, 2008 138

Evaluation of FCD Model for estimation of forest density using Landsat 7 imagery
(Case study: Chalus Forest)

S.M. Moeinazad Tehrani®’, A.A. Darvishsefat? and M. Namiraniyan?

1*- Corresponding author, Ms.c. Forest Management. Faculty of Natural Resource, University of Tehran.
E-mail: moeinazad@hotmail.com
2- Assoc. Prof., Faculty of Natural Resources, University of Tehran.

Abstract

The present study is focused on the evaluation of FCD (Forest Canopy Density model) for the estimation

of forest density in northern forests of Iran using Landsat 7 satellite data. The model was developed as a
semi-expert system in Asia-Pacific region that estimates forest canopy. density without any training areas.
In this study, an ETM" image dated July 18th, 2000 was analyzed. After preprocessing the satellite image,
four basic indices of FCD model (Vegetation Index, Bare Soil Index, Shadow Index and Thermal Index),
were calculated. Vegetation Density Index and Advanced Shadow Index were then calculated and forest
density map (derived from FCD model) was finally extracted: The forest density map was classified
according to the form presented by Forest, Range & Watershed Management Organization of Iran (7
classes), and another form (5 classes). In order to assess the accuracy of classified forest density map, a
ground truth map of the entire study area was generated using aerial photos - at the scale of 1:10000 dated
August, 1999. In this way, at first, the geometric correction of digital photos was implemented and the
mosaic of photos was generated. Then, the Ground truth map was produced using on-screen digitizing
method based on visual interpretation and applying sterecoscope and printed photos. In this study, the
highest overall accuracy and kappa coefficient - were obtained in classification in five classes - equal to
61% and 0.38, respectively. The overall-aceuracy and kappa coefficient in case of classification in 7
classes were less than those calculated in case of classification in 5 classes. This is because of the spectral
similarity among the lower density classes. Hence, it could be concluded that in such forests, the potential
of the model in separating high density forests, was relatively acceptable whereas the model could not
correctly separate the lower density classes.

Key words: Landsat 7 satellite images, FCD Model, forest density, aerial photos, ground truth, accuracy,

index.



