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ftesyjMm' o WobtmddadsjLkz hodHC ' Mis! dzO t
WL sdzse’ T tetsmdzddz sy kst LtsBdIlsd L O A

weh s st Bdets, Mo’ yOmdes oxdlsd o HYGo

s zOMmduded?2 &I lssH OEOdPgjc@dzy s E Ot $
temdddd f§kmstsls' s’ IbokesySsy fMlsOdH O

W' efmse Odaetse  ff dztsh j & | L IsdtcOs Is! "n IO
I sl &3 L Odzd o O6 Is! C o Csojlsd My jCls
¢ sdzy jylzlstc Or dzstesW ' dzz o tetsL yddz' . [ Istcd d3
fsojterndzj oz ' dz dg' Mls! L bktcOrkzoOdzdzv d3 o

wdzH J ¢ MSs aded Mis f slbA] téleakz’ Area IndeX ‘ 9 Oy d

W' lstsd3d stedyded dz f s5C OL dzd € s OB O bzl tc tf s Iy ‘dzd ¢
totsL YzH esmdzd dzgdzed = j dzj &3 dzls® & sO o dL dzOyoO
LOCOd des’™ o jtendz Mo ' Isdzj dzdr dzdMmilsC ' o
Ckzdz skzts:

LAl =S/G , (1.1)

HBif estBo ' Isdzj dzdGli f aiafsf 1O * s,z dzls Iz .
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[dzv fNos2dedr Cbkadz skte L cEtdzS s tsH' B dzd
odL dz2OyoO* Is' mMw w¢ 9" Hdetsh jdadg" Mtesj Clsso
f dzsh' Rot2deslits fsCtcdolz [ 4

ANBSted3Odz) dzte J iz yd dzO B j L to s Lydgatsts dzGAs 5 yA 4
odd3 tos ‘ISP wWC o3

13" Mls dz02B" dz# " ftesyjHEZtedes f totsMmistse s
oddz o 9 Odzr LAI fsdzZvecO' o sz, hts dzO
Ltc' LizsIls! ofmj ddmkw, LBdtOsls: ' §' mMisOE
dzd s O. Il Hdztsh jdzdzw ' HiEzdsse Odes’ L O¢ Od
H' d&zZv dzg¢ d HO hzC Odzlz Gsjp drd y didEz] | . tedepigiz® fif & ¢
Ckdz! skte L OMstsmMtsalze Is! B dz " MC &ZzOH dzz W G

S=514xLx €/2+b/4 (1.2)

HBSIf dzsh O 1o &LidECK, 3y dikA® r oas Istz® § d dzB 3R obis
ihdeddzO reots’ dz€d, d3a3.

[ dzv o dL dzgOyj dedz? dzOeo jHjdedr odh j 1 Ot
sBdz' Ctsodms HJjtjo o MmMtsmdw Sk BtokzMmdd ydesd
Hjtcjo BERdzd o' HEBC tj d3dzj dz BsH j dz' dz G ' «
Il &3 L dzdr BEZdZO tsB' Lo OdzO o fMmw S otsw
WteOCy' & LoO ko Odzd dzO jdzj Clstetsdzdzdr 9 OG
oz d BERdzts o AHtdSO AdiEtsCO dats L100@y j dets H dzw  tot
~rots’ dz¢d L Itsydz mMls¥® HB 0, 01 @G. 1 5 BBOS
nots’ dzSd L Ctsy dets’ o' (o ts’ Gtz d ]
Istso M fi8kd

] " HicOr2dzsC L O Odz dzgs’™ ff dedsOC M jozd frids'wy o
Yy 9dBOCO’ o jdzdSdr odltcOls yoOmkz. uvtsdhgk
ZO odd3 tot 9 Odzdzw o j dzdydded LAl HdzW dzgj 9§ C
o Gidtsodtsdz ACBslsSsEtso Lol Odadzy (
i OL A, L 9ls g tgd3' Hismdz' HY Jdzdzgv "L L OMlstsmize
HdzZw tsy' dz¥ 9 Odadz? L AI tosfmdid dedetsfls® dz' Mtse (
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| sdzts e dzO fjtcjo0OcO zOL j d3dzd -r BOF gy 3 &
o' Hftso " Hdz Mis! By des¢ LAI H' 2Mdzsdzz fls ¢
o d'dict 9 Odzdz" = i IssHd L OLoadyo?2 odittedmists
BjIssH" 9 ° Isjnrndatsdzse546. o d ' tos o9 Odadzy L Al

1.1.4. wkyOmdzs | &6 dd@fduasdme] dzdzv - €
wWe' flded R R O©OSIjtdmisdS totsidd dedes fls

10 o' H®E diz &' nbkj Gtdk0S lodd dz0yj dedzw
dzi ftewv 3", OBt BJLSCBAdISOCIsdz , od¢ dz¢ yos Is!

v O¢C " &3y ssH(J sy’ dz¥ 9 Odzdz" L AI BOL Iz¥
ftosntSHY jJdadzv Mo " IsdzO ( Msdgw ydzsets IsO/ OB s
Ckfes Hitejo O, YitiL (oscOdkddd o 3 ddf
o' dzsodn Mmjedgjdls  ®© ' fdvds o Ldeds ¢
9 HBBtOY O ls: v dz2O0 L OcOdz dz' 2 € Otelsd dz'
o' sd&zO ' H Stsds® HjLjoO.

Il " Hsis BOB@REAS MAOEMtse ™ o 9 HY ts9 " H da
COtelsddzd totsL ftsH'™ &z Mo " IsdzO@ ftcso jJ HJ
[42,47,48] . 1 028" dz2 N f sh dted dzd d3d “ Digitgl s fny
HemisphericalPhotography(DHP) [49,50] ‘ mMftsm" B Odz® dk'dasle
PlantCanopyAnalysis(PCA).

s sMm" B DHP dZzOH O ctsy dzd o * Mis tslstc

L SBGOY J dedz? L dzOsydetse y' dz' mdese  C Otelsdc
ftescOdzddz & dzdfmlse Hjtej o O. dbdzj Hzv
Istcj B/ O HL Hg tedpg@®@HO te *° fted Y!' sz BO° BEIS(
ztsB LOHBoatdz dzgdlsd tMlsOdzdze o d Btsa Iz, o d¢
sBO‘ Clsdotsdd AtdBowYy] CO (sMlsOdds 2
Fdzv LOBJ LY Jyd dedg?v dzgj sBrn' eSO s OB dzldz ¢
L d2' d3Odzdzy W islstsC O oz L OGSt f dzt 8 Is! dzO Iste

sftsm'" B sy’ dz¥ 9 Odzdz L Al YyjtejL odd3 tos
PCA tj Odz' L ts9 O ®EntCGanofydp@lgzérLABEBE®E0 ¢ ts dgiOR dz'
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Inc. [51] . ©j Bty lsd yded &3 s ' finf el 3 HYOEHMSEE dz
o j dzd ypAdaz S dzr € My MO dscts M dv ydat
' Ldddsd CklsOdd yjttjL (BscOdddd bk ddfmls

LAl ==-In—2 | (1.3)

1
y7i u

HJAN T e " Isdzy dz' Mmlis! f ‘Ag 1 tff fipalZtsle ds jd3iz’ Hinjlse j @ @20 H

CjW' y' ‘dds, "t DOwOCkjwdLbk' ' dgsj dzfpd e d
| CwdfylstekCy 200@8d Gzl HE O] dzs § 6 W IS
yklsdds s f dzsh OHSCd WekoHEQPEGEE' klsot

Cwdzyj dzstedyde €' dz yv. 10 y' Weks4RBb dd
fdzsh OHCd LO HBfsBscss Mijy' Od ds’
fesisHdl! yYjtejL ddhmselk HjtjoO §'H Ckls

{ df. 1KOL .t fusidjy dzts G-GORLAIHR0QY S O L |

ABIssH jIsjCIlststed  jtojlsotstes 8 [sH o j dzd yd |
fslstsC' o o jdzjShkteduyds MdedzOdd, o dd
odwodz dzdzv SO tsy' dzt 9 Odzdz" f tetsG Odzd dz, h tc
LAI . Qd@eBO®S" 2 CtdmistckzC y"' ’ ‘ LO HBH
LOBJj LY Jyj dedzgv OdzOdz' L Ols tste2 OF0l 0a net d HGXA' n oHpty/f
sy dzSd LAI .
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10 HOd&]?2 YOff -COGRBY{ Odzc': s o ZMC O Is!
OdzOdz' L G200 LAl te' L s sy wa [5
) ®wWH L (osHddsSd®kd §toddOHOdkd o d¢t
dmisj &gd. vOC, dOY-G40&OF, HEJHEEED i

COd3j tOdz' ded ~ , sO¢ o Ydz sedrn Edise O:
tesmdzddz dzgj fshCsHykr yd ftod y' sz L tcOL &

g4 dmlsj d§30 0 XiT IsOC 5y HiSL 9 Sdzw Ctedmls
Ctodzlstetsdze 9 Ols d f sCOL dzd S d otsdzte sMmis* ¢
OlsdiismW j tod , h 5 slstsykz’ LicOL 8¢, z 9 d
Wz stetsdzj stetsdg  ° Bsy &zd o ' Mis dz® i) iy’ RH d
Mdrdstsdzdz’ o dd3' to¥ 9 Odzdz?y SCOLddC" 9 O 515
Lik6 400 XT otsdzsH " ° odMmMsCdd3d ¢ OL dzd € O d3¢
9 OcG s Cod3f OCIsdzdd3 HJL O2 dzts d3, 09 Is ts dzts o

hdtesCddz, LOoaHwCd to' L detsiigp@elcisazismislz dz@ BH 6
vsOCtsy MdMlsj BO HESL & sdzw ° odoeyolsd ~ tol
1 slskydzd?2 sy Msts, 9"  HCtedIlsd2?2 ' dalsj teW j

© 9 j HJ dada” ‘ o do jHj dadaw HOdzd ~ , ftotsc tc O
ROt L das BOpz Btz " S OOC M yOMmlsddzd dzOH O Is
OHOf Oy~ MmdMmisjdd ' H o dkOMd (slstjsd.

[y jgbdzd GLEE &zkls' L OcOd d ftedds
hsHis Risdz tstcddze z MisOdzz totsfdzd dzdzts fpls © Iz t
fsCOL dzd S O@&HNOYY s dzs ' Bl L f B'logz ds? 5§ j t
dzOL j digdzd = d3j ssH ' & sy dzg¥ 9 Odadz? LAl ° HTs
Is§ mndz" ydz 2 ftesyjHEztcdz 2 fJoshistsis' C A
BjlstsH' & Mjt2sLds EMNS &OHM ‘ s vl cgg i
Wslssmddals j L £ totsfydzd dzdets fiyls ZO HtsMisOldz s
sBd3 N4 desets tj MetemMkz yYyOME. v Y BH' Bdzd m
Mzyomded s Ikjridsdkse' 2 HdMsOdy' 2dsets L &
SHjtey ko Olsd dzj sBIS ' M dzv o tisdy ' WWe of-ADmA® dzbzts fi)
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11

BOGOIBMY jSIsteOdz! dgd 7 LEGBLOYjdz 5O
[53,54].

1.2. od&zOdz' L MEkzyOmdzdr HdMlsOdzy' 2 dzgd A
bicB Odz L 5o Odzd R jtedlststs' 2

MOEGOSC I | todes® L &zOC 5% o s fif dick dedesohgts * dzOls

LHOId fMmilss | hts ROtOCIjtedL 2’ Is+ Mw o j dzd
odiftotsd3” dzg¥ 9 Odgdzgy to' L dzedr HBOYyddz =~ o ddz .
to ts fndzd dzdzts iy ls L o 9 ' HBdo dzgts¥ L HOIsdz flss

L dz" 3¢ d Hdzvy " H jlsgldd We' el f)dzd dedzs s’ SO A

1.2.1. [ 68fMmd HYJ dedzg tetsmazd dedetsyls®  dzO

) HOdzd?2 yYyoOff o'  Hsd®Bts BdZdL!' St 160 fto
f HBdtO®Is! MW JSMYJjted k) disOdz! dets  (J BY " t6
st dzd o sMis jj X SQotOfts fidls " Mt " HBdodats™ L H OIs dat

rdzv sy d¢d ¢° dz Ctsmls’ tc ts iy dzd dzdzts iy ls °
Ldz2 BCOdRd LOLoadyo?2 odSsstdMmistsolze IsT RPVI to
(normalized difference vegetationindex), WDVI (weighted difference vegetation
index), PVI (perpendicularvegetationindex) [55] s ' & ftsa' HdZ ,
fsobovwL Odz L W' stsd3j sted ydzd d3d Is ® GRP(gmYsts ts
primary productivity), NPP (net primary productivity), FPAR (fraction of
photosynthacally activeradiation, LAl [56].

it BLIcOREZdsE B dz¢ M s’ Yyomlsdded o9jcjlsOo
z02B' dz2 h MlsOB " dzr dgd~ (dzj L Odzjydzedrm © ' H
Ctedo ts”’ te s fdzd dzdets yls * . 1 ©  uQj,tchis dziz¢ d3)ts dzl
B30 ¢ M didizegizd dzO dzdzv Mtsdzy ydets™ t©6OH'® Oy' =~ & dzts
L sdzlz -1(,03 7BEOF) Md @30 dz! dzgj o' HEsB Oy j dedzv | dz
dzd mlsw . vtsBIsts, odMBCO Wlstsmdadzlsj Isd ydzO
ojdzdi sy W'  lssizOMtst tolsbpdzl dzdizifigls S - o & 6lzdy
o' HBdIklsw 9o yYjwoatsd 2 Ltsd M jCilstelz * o]
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l " Hdzsh jdadgw ydr 5COLddSC &9 BSHddz HB S}
tesfmdzd dzdz' Mls' o' H ' dg"dr ftodttsHdzd=s tBO' €

v OCBBY B te] st fi[88 LHISAZOZ oDjctafo S[dBEscts CtOH
H' Of OL ®dz'7 80 ,d¥ 6, HJ] HdW wsdzdd - O0tOCI
CsjW' ' y' "dzls'" @ 9" HBdllsw Ik dOftew dBCEZz L B «
adz B LB dzr hjdadzy L Odzj y(dlIs! 9" k% H C
[ BoyddzO "o ddz |, &z wg' 2 heodHC"' Mlis! L
ZOLdo O s M L dyl'Red ygdepes ddbs@mdsi tCitcddrs  (
Bdzsy ddzd 9 JG6JIsOy" 2dzdm " dzHJ CM" 8 yJ tco 5dz
¢ ' fitemy jClstcOdz 6@ .dcsd 1 @ O dacoddef A3 1-66]s fy R EHPY -
"dgH S Ol tstetsdz MisOdgz tesmdzd dedzets s, O 2Bct
tetsmdzd]dz [ 6

10 " HMsOs ' fYodgwlilslsw yYJtcotsdeces CtcOb
Yyomists odStcdMmMistso zo Oded 21T NDYIG s Iis @ tzQ@ wigd dd
odL dzOyOs Is! Mw M jSClstcOdz' dzgdd3 H' ™ Of OL sdats
odtf otsd3’ dz® 9 Odzdzw Azt W ' dztsdz f sB ' ydzts
9' HSBtOY O Is! oL fsH" dz L Of GCGfzls Joz@zsL | diic:
Ctstej dz# 8 Is+ L Csdpusy ¢ ity JfdeeidigisC Isd o ded d3 o d3" fi
OmMdd3" dzt 8 ydr BieeOdOr d2O HJddy® f dBgh
{ Mls O dzdz™ 9 j dzd yd dz0 iBtsy | Blzlsd L OMmissMts¢
Wslssmddals j Isdydesets LoadWLIzo Odadgwy o 69 dzj ys

CSC' Mis! dedigsifrisdzd L © B O OtsMmy j € IsteOdz' ded
sy’ dz¢ ‘s mw 9 BMmdztsoe dats 3z, LO oad3 Mistsds
fJjteh LUiGdasfipisW' dzz, O IOCtsy COteslsd dztd]. H®
 dimlsOdzy’ 2 d20 sy’ dz€ 0 o i3 Mis@dzOflZ' € &3 daAg p
nOtcOCIsjtecdMmMisdS o  HBdIslsw ydoetsets dzdmlsw
" dW e Oy oo sdesdsz M j € Islie O dz! fdadry ts E3z O fH@sLfrdsd
sy’ dz¥ 9 Odzdz? L Odzd 3 dIs! "' H Ibydsmlis' 9 "' H
tcsfdzd dzdets ME" H th@-;  [otfdds e o d3' Mis tots ) dzd dzdat
Isj B3 j cOlskztetst IsO o  HBdIlWw d3 totsfdzd dedzets G ts
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H' Of OQ]ts;dz’ ZL[G Odz! dgj dzdz” ff ts5C OL dal € If ts fy dfi dzlés jfs
OCIsdeadz Mis! SO Mmlstej m, WwW§' L&Y sEsEls: |
94 G6JIsOy"’ 2 dzd SIPI ‘(sumetyrdifgependentpigmentindeX) [74], PSRI
(plant senescenceeflectanceindex [75], DSWI (diseasewvater stressindeX) [76] Is G
BOGOI! tsn Cdeh d A, Ot Mfjy' O0dz' L s&L@d&d W
KTTCT (KauthThomas tasseled cap transformatiory).[7

1.2.2. [y d€0O totsiydd ddzstyls' § 60 tc ok S

ltetsjSIsdoadzsj fSCtedlslsw ~“twlzdzlskz totsfdzd dac
wodwelss Mw 9 Oyddeddzd ¢ dz € fmded di3d RVORE'O
sy 2Ist BRIsd tsy' @) d' HJIMisOdzy' 2 dets |

] sMmdztso L OMmistsmiz o Odzdz™ d3d sSsH " 9 H O
ZzdfEes s° e jtorndy , WwWEC C' dzr €' Mdegsets  CC
M lsdzed S sots’™ L2BREd dpYgbtcCwsaddgt | chtDE§
ZzO f OHO¥ yj st Isdydaj odff etsd3’ dz® o Odzdz" .
BOGOIsM j SIstcOdz! degdr OJjtetsCtsmdz" ydedres L 5B
Bsyd BEIsd BY dzgj 2O L O HBftshBsetss o jcjlsC

1 OO0z d&zO@ MnaJ BO Glstcd B3BOdzdz? H d Mmis O dlz'
“dgH j € Md BOLLE' Is+ fyw ZO fBERZHEBSY W78 tc d3
HisMdz" HY j dadzv dzO-51, dz'fdsC @1 Olzsn d st L dzOYJ C
Ctstoj dzt & Is! &3’ ¥ MmMtsB s | O yJ2 MmMsOlsdmisdy
Issydz' Mls¥ s dmMOded 2 Wastc BisgzEtc j dsSe Oted W d3'

] tcsB @Is’ o fifISBOdzts 9 dzj dzts, hts Iktsydz fMmls! t
Bsyj BRI CttOh j dzO, weh s totsL to@Qusanlz ¢
simple ratio)) [ HdzOC dzj M tsH O9 dzté] ,B khdtss tff js@ d@'L dAcfizi
f " Hodh jdzadzaw Istsydzetafipls' H sy dsleelse L Aldz’ d3CC Mot
OHJ C90IsdzO datsH j dz¢ - tfs jc Wk 8 O dizdatzts ey Isif § ¢ dzO
HBEHOIsCtsats odStstedmMissokzoaOlIsd HJWE f totsG
sdses' BOcCOLMYf jCIstcOdzr dzgdr L BBOY jdo@ L
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[ dzv  tctHaCtc®@n A Al 9 ftosctcOdzdzd n A toc BHOLX
tctsC ' 8 L OfMistsmtse enHancéylregetatidringe®), i tEfiyd ' dzr € d
yklsdzdeod?2 HB dzj cOlIsdodzsects of dzdokz odif totsd
) fcwo s ' Ml jSCIstcOdz! dzd m ®J tdhpEsiOr
By dzdodds Mddzlsj L zo Odzgdzy dzesodr ' L dzs B3O dz
Yy! sz BHjtey Odedzv L dzOydets B dz' b f So dzts’
fOHOs yj tflkduydsa odfittsd3 det® 9 Odedz . | Oy dz
Shdese” 6§46 s OO JaBdY auddzdidg'e ddgd H s
w¢e¢ 9jcjlsoy’ 2d “dzH j ST dz2O0 BMdatso fyd
tejLzdz sOIs" , we  f88dPL Odzts MY ¢ G'sls 'siisOR § [+
sy dzsC LAI .

1.2.3. 1 Oslzeys szl Oz 7 Mk kdsjdadjSdse d i
Hismdz' HY § dadgv tetsdzd dzdats M ls

l S stedMisOdzdzy HOdzdr Mz klsdzdStsadnm MY
hdzw 2" o o do yd dzdav Istc OQdzmW stc 3Oy " 2 tc ts f) dzd
9 HBERZOo Ot Is'! Mw ' H ofdzdeotsds ¢ dz &3OIsd ydzd -
L My zlsjdee"C"" o NGA A, hts LOBjJLY Jjyk" My t
HSLotsdzBEd3 BdZdL ! €8 1 € 3, HESL 9 sdzW W s te
CdzsB Odz dzdn dzOB Bt ® H Odzd -, h s -Br tefcd ®
sjfjte’ hds 2 UBGKBPHE L tse Odzd?2 R L dihy LGN
SHj to)y Odzd 2 LO tjLizdz OO Mk folZ IdeddCotx
nOtcOCIsjtedMmisdS o jton dz ‘ Is' mdets S tstoj d
shdetso s HdzwW ty' da¢d MjLtsdedes™ = B OGO

v OC 5 H dzw s iz dgs-eirfipElptzd R R Ot OC Isj tod
sB' " Cls' o odStcdmlstsoalzs Is! Mw ftesHEZSCIsd
ftesmMsttese 5° sl ' L daj dzsfyls " : EOS/ MODI
Sentinel/MSI [&] . 1 028" dz hd2 M jSIlstc ' dgW sted3Oy
tfhdzseo ' BOGCOItsMY jCIsteOdz! dzgdrn HOdzdr M jCIs
Bstolsk MkzfkzbddStsots MmMdMmlsjdd MfsMmisj tcj
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LH" 2Mdzt 9 OIsd "N tsHjdzdzd?2 s J teOlIsd o dzd 22]. d3ts dz'’

ltesHESCIs MOD15 Leaf Aurdzei g € n dizgxinls & s &
H ts dzw Wslstsmddzlsj s ydets OSIsdo dzts’ tcOH' Oy
fsojterndsd WtlstsMmMddasjLkz, odf Otse zo Odzda" ,
yJ tec iz, odSEtcdMmlstsokzs Iss Mw Hdzw tisL 6OR zd
CtokzdtwtdrB aotsHd IsO B' B jtn' &3 &Hedr ftotsyj M

1 OW o dz' fls L OL dzOyj dzd » dzOB St 9 My 21
tcWHE HBMdZ HYJ dz L Yy ' d¢d BOGCOILBt' ydzts
f odz' ydedrms N dqetslsOR, Hy MY sMisjtiedz' cdadzs + §
[88] . [ SMdz' HY J dzdz" o dwWeoddzd dzOW e dz' Mis! ml
9jJGjlsOy 2detsets " dgHj Sz o ' Ldzdr Isdf On
9JGJjlsOy’ 2desets Mmj L sdzlz, hs ftosMiststotse ts
Cdz' BOIsdyaeoa]. L 3" dz |

 socetslsted 9 Odz' Mz Zlsdzed S s9°° My sMmilsj toj
tesL to' L dzj dzdzv , LsCted B3O WEkdSy' sdkze ys’ L
(http://landsat.gsfc.nasa.gdv/ HiSL 9 sdzW ¢ [s! odwe dzvisd
tcsMmdzd dedztse s f 5Ctod o 2z Hsta®s Qidg' to ditocO degdts cldyj tdipfls

1 OHOYJ & OQdzOdz' L& yomsedes wGWH" &8 )
jotsdzs y w (HddzO B € O) Yyofmsetsets twWHIz,
LOdzj ¥ dz' Mmls ® H W' Ldds WOCIstste' 8 ot dzd o
B3 MisdIs- Hj WWidialsC @, CB8@f s Wwo dzw & Is mMsB 58
mMdMmlsj sz * * MC ZOHBloddBd yYyOmMsetset twWHLIE

TIstc jidegHOG Odz! dzgd?2 r~rOOCIsjtc Jotdz®y' °~ 1y«
hts LBjte' 60 Is!' Mw oftcsHtsoy Istcdo Odzsa@ts
ftesd3' ¢k, BhwOdkodk L E°

iyd¢ dz' ydz CBzd Odzdzvo JHEC O L &3 dz©@ H d dz
nOtcOCIsjtedz WOLd " Hodh jdadgw * ff tsdzdy j dad

ifmj L tsdadz Cis dzdfiy @afdzy H d dzO 3" ¢ d fso oW
ydedz ydzd 3d sy modd (LB dO yomiz Hes(
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Todf OHC o " IWedgz Céigdadgda) © " C tsdzd @ Odzdzy Y O Mt
Yyomlssilsd O ROzt ORBfdz' IskHd, f§odwL Odg
fsH'2 SO fsyim o dzO HEsMdzZ' HY ko Odzz 9§ d

TodC dHiflstedB S s SH ' B dz2’ f slskzy dz s ¢t
Yyofmtseotsets twWHER,Jqdwe s L dz@zpdaty dzelz H T sfydz' H Y
LOGCOdz dzgs’ L OSB3 tedesfmls’® oL ftsH' dzz yC

CS ftcOo d dzts, fted OdOdz' L ° yomtsedna toV
SO sfdmizsls! mMw IstejdHd IsO §jte' SHJYdz f
HMisOdzy® Zdetbd @zt MW Mjtej Hdz di3d L dzOyJ c
fdtejHds B3d YGedtesMisORd L O fjodd2 fjtc’
YOMmlstsilstss odded Cdzj dgdzv f jto' sHyded s € tsdzc
ftesyjfm s "OOSIjtedL iz Is! Mw i ety tpjsfipls s
HsMdz" HY k' s Mw) Coydesets  jto' SHIZ, O W
fJtc' SHBE®R,f ) yw'dRh dr ftcdf OHO' d&O28B ' dz

[y jdzgO M’ G tsSH dg tcsL totsB dzj dzts HtsMis Ols dz
sy' dzt o Odzdzw tc ts ) dzd dzdzts fiids)" to  IsksttcE @dz' L' t99 O da
BOGOIsM j SIstcOdz! dedrn SO 6" f jtemtf j CIstceOdz! d
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[StejdBd2 odfOHBE MCEZOHOEI! Ldz &S d o
) 2. Yy msyoO otsded 2 dzOH Q8 Is! Mw  ©8Y dz'
f OteOdizj sted € Odz' Btolzo Odzada” L d3dzdzt38 ®dztinw H dzv
ftcOCIsd ydztsc ts od¢tsted Mmls Odada” 3 Hisfpdz' H
fjtcjCOdz Btetsa € O.

2.1.2.1 (OH B&jledudsj SOd BEko Odzdz
1 6d odL dzOyj dz Ny jClttOd dzs’ j dzj &

o df totsd3' dises Catmip's U BO &tz &Lz H' Of OL sdz2'
Ny j S lsteOd dz@(oye O ddses il S Is tc O dz' dzts * [9T,98E BO

L, = [L@)S(ydr (2.3)

Ot_,8

HiLE i MfjSkteOde dzO ckfMmlsdd® | dzj togditsd
oditotsdd dzt o Odzdzy  dzOl Is9°R d$ d3Aj it Joaishghy O , tc s B
M jClstcOdz! detsets H' Of OL Bdzlz.



41
Sty dsBz tsBsyYgdy PO fiEkHfEg S is@0
Uzl dzd §3.flse Chts g0 o jteRdd ©BO' SO L 21
J dzj tec jusidtasizg dej(alz, Mis's L Otej " Mistese ©OdzO MY J
¢ d&zOH j

L =2 [E(1) p() 2(A) S,(A) dA+ Ly, (2.4)

HijJ@ T M jClsteOdz! dzr 2 St WWduydy dels tsleioy |
My jClsteOdz dzd2 S W' y' * dako it ted folzsfy Is@cgdiz® ¢
Ol jtedzs’ HIBSd o toss s Bz MY jClstod

ljtejma'" H ' H MEtkzlddSsoadrs odd tot o Odz
Hs M jClteOd et s phEBafdBY s86° Cls' o
CjLEdtclkOb Gy @ dif j o] desbk o Uit 5 d5' dz* o O dac

(L(A)-Ly)
p(2) = - ° ,
7(A) exr{ In _T(:;)}Eo(z) co{; - Hj

Sin

(2.9

HOATCEZIstso O oadmMBsls®O wtsdzyY dzOH GtstedL tsSdzls 53
[MEC  dz €d ] Odzt d&zgO h dtcd dzO tcts BB URhRz] M

Hizyd od dzd§ O, wwmumummaﬁ;&ﬁ'jwm' fn
M j ClstcOdz' dzj qwsqwmgémdz@sdmﬂymswﬂz dz0
Bs 20 990 O Olsdl] f sfglssHZ deddz [ 10

L =0
-

’

E =
L{pA) S di+Ly, . (2.6)



42
1iLOdzjydz lsodH L 2B BO &Y s EO L OWUR s te g ' H

E.
sMils Odzde! s BBsy dzdo 5 L OREZo Olsd Hdzv € 5dz
LOLHOdZ] 6" H! Ay RYCtc jdB@D,] HHjdAMs o IsOB dz. 2.

v OB dzd yw
] 428 B30dz dz' f OtOdijlsted MY j YEus@®ds' dzdndf Flls®) di

uf jClktcO| | BB &O| - L,
COMB AN | omdzds | P |1 KBABS Al
1 500590 0,897 36,463
2 610-680 0,932 42544
3 790-890 0,955 34,221

l jazdyddzz M jClstcOdz dese s Jgo) H BRGN 20 Isfs
hdzw 2 s s dzj dz@uizj cgdzdf m © d d3' ¥ 0 Odz' ff sdz2.B.9 d o

tdf. 2.1. IcwkksObdodd?2 §td sod2 MijcClh
COH' Bdjsted ydets® Shud2 e tetso Cd fdir



43
yitedL to' odzV dzdgd tcOR6) AN O datdiptdy titf] jmt€) jA3lzts
Mde dz0dz &0 Mmj dhst' . A% fesyjHEzO §o
C Odz0O zlz .
5OC WwWG¢ 9'HBsd Cwde' MYjSlktOd dzs’
o JtcOrkzo Olsd Mmjtcj Hdz L dzO0yd dzdz¥ ) FieldsPeaizlz ,
SAtsfdssls: oMcOuwsetsyH' Bf PCIsdd iz f2zs dzdlk
By &zdots f jtojtcORkoOld odd tow dzd 248 § to gt
My jChteOd dzd2 S e By 6 sakz oH ‘HEHBUswdz' 7 o
4l jSClstcOd dz TOEOSIsjtedMmisdCd ybkzls d
BOC Ol sMmity ¢ lsfgBDiftdr ldalzd C Sients2 ) flddsdjcg@dz’ o
b sso OF s OF tsdj iy 4102k 528

S(A)

0,9
0,8
0,7 4
0,6
0,5
0,4
0,3
0,2 4

0,1 1

0!0 T T T ] T T 1 ] 1
450 500 550 600 650 700 750 800 850 900 A, oM

tdf.2.2. [OBtskObtstd MfjSkttod d vyt
MfesddS ot 26Gdmisj ddd fu' y

rdzv  ftotso jHjdedz" tOH' i3 Isted Ydzs B d te€OBC
My jy' Odz dz' Ijiflstse’ ©BO' Sisd:

Ao jdds' MmO dz dz cCHBSEjdede YsStedlslsw
Bjdzh j 10710 ftesjSy' 2 ' Cfjd o;

Aslstcd 30dzdzy L Sty detsets tBO Clslz o' H 3
HsMisOldy 5° MlsOIsdMmisdsSd odds tos o Odz' ;



44

Aljmlstse ' k'Sl diztsmls " BBO*E Is LOBJ LT J ylt
H' Of OLtsdz WS tcOoatsMmisj 2.

{IYd LO tjlLlzdz Is@Qls OdiEH jotefdg otedadGidz' L
L dz0 yPpNizinls O° By dzdodds fteso jMisd w©WOH' tsd3y
1 OHOYJ ¥ tcOH' Bdi3j stedydes&E® *° € @ tiels r tzlp oz@ziac
fjtejtcOrnbkzdikz Yydbhbss@R Oy dDyYhdet d&zO0dzz o d =
OB Misdzs Isdzlz W ° L idnudglL Iotg Qe \Wiladzlzd * dz' dz' Mmils'L j
ZO Of jwizte' M} dziftsB@EC dpAdnds) to v getirdztstp dd' Is /to(t
dpe s oadCtsdzzo OlsdmMwy Hts LOYWBHSE o dzOBTStE

l Oy dzde " h s od 3G 5* HES COdz' Btolzo Odz «

fj demtste’ o * 04, dz' dz' 2 dz" fiyls+ [ 1
[ " de 2dzz COdz' Btolzo Odz! dzgk R Ot OCIsj ted Mls d
9n' HOBB® o dn L edjdalsdf ydzdz®@ s @B H* [ 1
L=b-DN +a , (2.7)

Hp'aiCOd Blekzo Odz dz' € t5j Wiy ' Is @zlsid caffstf, aedge o

O e stedIGdOHL . ld3j sted ydzj € Odzk2Qlko Odadzy

1 O dzOW 9 dz'! f§ldssn  H Jd&j' dai3d dzh 4 IstedHywisd)
' odz" 2 ©OH' Bdijltedyudsets Mdedodkz Mo
TOOSkjtedmisdSk fj hsko.

IR HdedBd HOdddisd Odcttdldkz COd Bibk:
LdzOyj dz2 L Ot Miss Odats’  Miflg Elsde© dz’ e T to
1 s /A di§ BAMt) , O L OwON Mi§WHmEs @dzd Y 1B G0 1 jsd
o j dzd L] B futd KAdrdz] dzOH @GeelsA Moz’ H tSH j oy z o (
' odgvdz ©OH' Oy 2dséts  §jtejdesmbkz. [ dzw
J dzj oG j lvdinfdEOe smls L Ot Mlstctso Odgtsets L @Y
W steds @B ez GBS H&ZO o' HdsMdzO M j CltcOd daC
My jSsteOdz dzsSgr H' Of OL sz



45
10 BHJ Y OOdddBd o lHEZDN & 3¢ dztwo dastssdigf' nfypw
COdz' Btolzo Odz dzdarbo® s joWig2qY. * dzls * o
[ dzvw 3" dz' d@3' L Oy' = dgd 3d dzgzydr Y s~ dB B¢
C'dzr €' Mlsy Mo HisEs B ' dzblaBly O L OB Lys]dndzsiz odk)
mMdMmisj dgz tc" adzv dz# 3J IssHIDEE dz02 o3 dzh d~ G 9 C
1 O td fi. f s5COL Odzts CrpBrc Qlizc S OR
MfJStcOdz dzgdr C OOz’ g "MAr POPF.Isdzd C s ts5° Md fr

300 350

300

5 250 o -
= Z 550 o}
5200 5- s
£ - o
& £ 200 .
m [P m A
5150 2 © © = 5
_." 150 ® @
é ) - é . @&
Z 100 — = Y
g ; ® 100 o ®
= =
50 50
0 0 -
0 50 100 150 200 250 0 50 100 150 200 250
Iudposnii Biamx DN Ludposnii Byymx DN
t ¢
sOdz Btclzo Odgcgn € O sOdz' Btclzo Odged? € (
250 40
3 S
Z 200 Z
= = 30
& &
= 150 ° =25 ®
:— - e a0 -
5 100 ®®0© @® 5 15 -
£10 .
= 50 s o
5
0 0
0 50 100 150 200 250 0 50 100 150 200 250
[udpornit pimx DN Ludpopuii siamx DN

sOdz Btelzo OdBBRY ¢ C sOdz Btczo OBRMR C O

tdfm. 2. 3. sOdz Btclzo Odz! dz' L QzjP detsfls

) HsHOIs&®@se j Hjdets flosctcOdBded?2 CBH tofs
tc] Odz' L z° Odze stcdIsds € Odz' B tclzo Odzdz'BciLah t5)BC



46
zOw o dz Mise HJC dz s tsBtYydnes M j ¢ Istc Odz
fcsosHdIsdmMw o Ctoydsdsz L dedrm St d3s.

213 Oldshijttdd CtjSy' v Csfd yded R

JHdddB L o0)ydzdodnr JjlsOf" o {§tsijtcjHdz
O jtocdzO Ctstej Sy wW. | HOdd2 yoOfy, o] d
CstedMmlszo OyYyoO o3, OlsdtsmW j todatst IE tsutc d ls dsdg,0 ¢
CstejSy' ' ojddCdr BMWE' e HOddR 1§ o dz
odSstcdmissozes Is! MW tLtcORBoakzs s Mw odrts
otlcOntsolzs Is! thtsBdzde sMmils' lstcd B3ZOdzdzy € 5 d

I OldismW jte’ 1§ ddsd dgsyixs! tofdlogoitdd
smdso dzs Bz -~ BOwdz' Mis! O OjtetsLsd , I
EmMC zOHdzdIsd tBtesBSCEZ L d2 &3¢ 9. 1 OH Odz |
f syoltlk O0dzOdz' L& HOdzd = .

[ dzw L dz2' d&3C¢ " ® "L M Elsdzed ¢ @ MmMegld IS
Qo lstsBOIsd ydes®™ tsy' dzb d Altogatic GamidCoverAss€sshient ( C
AKj2 Odzestedlsds HBL o tsdzv CdzOMmdW " Czo Ols
BOMEEZ. 1 wCtsfls' on "  Hdzd R HOdzd - -40 dBd S
Landsat7/ETM+ , i jiag jdis o sdz@ M j ClstcOdz! dgz 9 " HB 0
slsted Bz Is! Mw GOKFPS O - BOwdesmils® [ 1

pdze stecdlsdz ME ZOHO' s MW L Hetm Ctesl’
Htezed2, btojls' 2, vyjbejtwlsd2, fowlsd?2 kO
ZOMmiszy dz@ € zOfgas H 2 dz@ TROJD:;, B z0 - BOtO
TBOO. 10 HEkes®kz Sttty OdOd Lk‘ k! mw
w gt 2O (sfjtjHdy Bz Ctetsy’ dz4 tslstcd d&3C
Wistedilz® Is+ fmw BOMEO -~ BOtedzesMmils® g wg" 3
odh jLOLd&OYjddr COIjete’ 2 - BOtcdesfyls ' .

VL Jetsyjm' odStsdzOdedzy  jteh sets CwsC Lz
sB dzOMmIsw 7, w g o' Hf s ' HOB [s! tc' L dzd O3
tesLtcORtsoalz s MW o' HMMslssS Mdz ¢k dzO L dg @



47
f'HMmMlsOe' y' ‘' MsOldmMbdSd twedls: Mw o df
ftsds’ yjdz w¢ bkjfd "d0d. v tOL" WwWChis
oM’ H® dzvdz6 L Isd § dzd 3 s BiddEfded edis{ 0 A ds
OdzOdz' L Iz Is! Mw  tf ts oddhs toidztiz. dzCzS M fezmlsj d'
otcORtsolz Is! Mw. r1wked?2 Sttt odCtsdz’ Is! Mw
ifdzsh O femisjd? LO2BBO' B ' dzhj 50% L dz o3
TdzO L dz2' BS B %8 mdgiddsp dlfn R BOts,
imMjtojHdzy Isj B jtcOkztc® - kOt d3j dzh j 295 s

CChs Edisod dzj o d¢ tsdzlzs Istedinwis d3dsdsd © GsdzGip
CtetsC LOo jtehlz' Is! Mw .,

OOz L Isj B jteOkzted ftdveO o (st
fjtojddzvwHOE Is! fyw | L HotdBO L dzOyJ dedzv d3( .
BzHEZ ' Mw dO0 fjthsdklkz Cwtsy' L O Isj dfjts
Isj B § Ol A (da@f Y&B 2 ¢ ste' ¢ )i dad' fiPls7ts GBI i
ftste' ). (cShts Isjosf jteOlskicO® tsB dzOMIs' odh j
hts yj dgj "~ dBOLO. cSChts dzdyyd, Ibts L dzOyy
fstesetsds. v’ tB@OMIsdR dzqg S j tc OfstzitcdzO Y O 5 Is
‘" sz o JfOHSCE otsded f sSL dZOYOE s fqw  w ¢
sMisOlstsydetsdBz s dedzvH' LBjte' O° Is! fMw .,

2. 1. 4. sdzOfmdW" "  COy' v Ctsmdz’" ydedes L dz° &3

[ dzw o dH' ' dzj dzdzv sMmdzso dzgrn S IKEHO P o H dB's
Hisfdz' Hy jdz ftesetsHdk! M € dzOMdW ' Coy' w ¢

1020 tesmis" hddd Bj ssHsdR € OMdW ' SOy
(f sctcsesotsets o e’ hoQde jdssosys 2dm@p d dden jLSAnts
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Hisfpdz' HY jda@ IsO s jtcjHde B]h §¥z0Rhg D tz620yl
LOo " ¢ d WdBsy ks odSCtstedmilstsolzo Olsd M L dz
H] 3sdzmiIstcOy' 2 dzse s R Ot OC Isj telz, dz0df|s HafthdzO
(http://earthgooglecom).

] L Odzj 3 detsfls” o' H Ibjtodlststc’ Or ds' O Wis BtHf
tcsB sy’ CkzOMmd, doOfted ¢ zOH, so¢" wg: n 9
o' HCtedIsd?2 “tbkds, ftsh® L' hiskyddd f ¢
o d3j %15 5 € Mjdz' 9 f slstc’ B gy EGOWBIsAfzddz] H
L odihhs®dzdzy ©3 dzOBtcOdzdr JjIsOdzsdz' 9, (tetso F
o' HB3d = T dgl ldAS WizOakz! dzts™ o' HMIsOdz , M Jj Cliste
Is ts b §10] [. 1 5Ctej BO, HdzZw dzO2B ' dz' h oL f 5o
9 ' tc 5 G ' madsumibkelinopd estimationi MLE) € dzOfmdWw '™ ¢ Oy' w
Wisted3gz dzts (2. 8) :

L(x) =H o(y; 1¥) (2.8)
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2.2.1.1. ulkOdkHOKkd tjctjm 2d &SH.

| O¢ Otizg D' 2 2O Gk & Mv ¥ stk sy :

y=f(xb)+e, E(€)=0, (2.9)

HpiojCltste § Ot O dsdelf OH a1 Q dAf sd3sd 26 O B H |
102 yOfml' "] odSttedMmists kezisdzlz, dz' dzs @ @z
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orn' Hded &3d HOdedddgflzC y T W dztgYole@zj e JteOL ° (2.
o dGdzvHE

f(x,b)=b,+bx +bx,+2 +bx, , (2.10)

Hibi f OEOMBI sted (S W Xiyt] dsidnsted ¢y OIS
C'dz ¢ s BeW Pt o
] sdz' detsdg jCdg jdfD v tsL dz2OYO' dzOB ded 3 j) btz

f(x,0)=b, +bx+bx*+2 +bx*, (2.11)
0 2
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C'dz €' Mls! W OCksk' o &SHJ & .
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f (x,b) =h, +bIn(x) , (2.12)

Hdobi f Otgidded ( Ss4 W' y' “ desd) tijctej ' .
[ S cdefp etz ¢ odSCtstedMmistso z¥ Is+ z od
HOdzd r Mmsdeslstsdzdets L tesMisO' . t jetejMm" W BEH

f(x,b)=a e, (2.13)

HAbLICBj W y' “dlsd tejetej ' * .
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-

RF=1j % , (2.14)

H DI R = rzg(yi—f})z i f 5w Mdzi dzO Risdjfgizf s y D= dzC

1 9 > . : ¢ ¢
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r Odg” iz zZlsdzd € 59 d ~

[ BHOBESC

My smlsd ey dz

v OB dz.

sistcHd dzOIsd yJ dzlstcOdz? dzgdr Yt H'
- X Y - X Y
L1 | 50 A2B"2 | 3088007" | L26 | 50 A3B2 30 A43"0
L2 | 50 A22"2 | 3082947" | L27 | 50 A58 2 30 A23M
L3 | 50 A22"2 | 308£925" | L28 | 50 A5B 2 3 0 A0
L4 | 504233" 302957" | L29 | 50 A0B3 3 0 Ax3"1
L5 | 504328" 30/057" | L30 | 50 A58 2 30 A13"1
L6 | 502340" | 308052" | L31 | 502033 | 3083037
L7 | 502315" | 304955" | L32 | 502038 | 3083029
L8 | 504148" 30£938" | L33 | 5021'03 | 3083013
L9 | 504130" 30/3002" | L34 | 5082050 | 3083024
L10 | 504&121" | 302921" | L35 | 502054 | 30/30'19
L11| 504&146" | 302856" | L36 | 504833 | 302011
L12 | 504119" | 302947 | L37 | 50 A48 | 3 0 A3P'9
L13| 50 A0B"2 | 3042943" | L38 | 5 0 Ad"8| 3 0 A3P'9
L14| 50 A2B"1 | 3043019" | L39 | 5 0 A02'8| 3 0 A4nu'9
L15| 50 A12"1 | 3042959" | L40 | 50A5Y | 3 0 A4P'9
L16| 5 0 A02"1 | 3043009" | L41 | 5 0 A0B"2| 3 0 A4B"9
L17| 5 0 A02"1 | 30A3008" | L42 | 5 0 A0®"2| 30A 259"
L18| 50 A12"1 | 3 0 A13"0| L43 | 50 A22"2| 3 0 A0B"O
L19| 50 A47"8 | 3 0 A0B"0| L44 | 5 0 A23"2| 3 0 A0B"0
L20| 50 A53'8 | 30 A51"9| L45 | 5 0 A22"2| 3 0 A13"0
L21| 50 A03"2 | 30 A23"1| L46 | 5 0 A1P"2| 3 0 A13"0
L22| 50 A2D"2 | 3 0 A42"9| L47 | 50 A18"2| 3 0 A32"9
L23| 50 A0Z"2 | 30 A52"9| L48 | 5 0 A2p"2| 3 0 A2B"9
L24| 50 A53"8 | 30 A51"9| L49 | 5 0 A18"2| 3 0 A2B"9
L25| 50 A3B 2| 3 0 A53"0
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. 2. 19JH]d sOBdzdy' odzt sed- odd3
v OB dzd yvw
Il sdz s odd3 ¥ 9 Odedzg? 11 GCo  Isd
) F F/F | GLA ™ ) F | R/IF|GLA| TM
F 3500 F 3500
NO51 | 2600 | 1,35|0,67 |0,19895 | NO61 | 2700|1,30|0,81 | 0,21269
NO52 | 1300 | 2,69 |1,17 |0,19895 | NO62 | 2100 1,67 | 0,98 | 0,21269
NO53 | 1700 | 2,06 | 1,02 | 0,19895 | NO63 | 2100|1,67|1,13 | 0,21269
NO54 | 2400 |1,46|0,97 |0,19895 | NO64 | 1900| 1,84 (1,05 | 0,21269
v OB dzd yw
Il sdz s odd3 to¥ 9 Odedgw 22 G o' Isd
N F F/F | GLA ™
F 4650
NO71 | 1150 | 4,04 | 1,02 | 0,30117
NO72 | 975 | 4,77 | 1,28 | 0,30117
NO73 | 1150 | 4,04 | 1,37 | 0,30117
NO74 | 1250 | 3,72 | 0,69 | 0,30117
v OB dzd yw
l sdzt s’ odd3 s 9 Odzdz? 01 IstceOo &k
) F F/F |GLA| TM ) F F/F |GLA| T™M
F 30000 F 30000
LOO1 | 1300 | 23,08| 1,45 | 0,70725 LO03 | 530 |56,60|1,74 |0,68017
NO11|1125 | 26,67|1,28 | 0,70725 NO31|965 |31,09|1,74 | 0,68017
N012| 850 |35,29|1,96 |0,70725 NO32|500 |60,00/1,63 |0,68017
NO13| 1025 | 29,27 1,13 | 0,70725 NO33| 725 |41,38/1,64 | 0,68017
N0O14|925 |32,43|1,47 |0,70725 N0O34|600 |50,00(1,87 |0,68017
F 30000 F 30000
LO02 | 850 |35,29|1,41 | 0,71462 L004 | 950 |31,58|1,61 |0,74356
NO21 | 600 |50,00(1,58 | 0,71462 N0O41|900 |33,33|1,80 |0,74356
NO22 | 915 |32,79|1,62 | 0,71462 N042 | 1300 |23,08| 1,68 | 0,74356
NO23 | 650 |46,15|1,09 | 0,71462 N043|700 |42,86|1,77 |0,74356
N024 | 600 |50,00(1,29 | 0,71462 N044|900 |33,33|1,77 |0,74356




v OB dzd yw

144

1

l sdz sob o @Odedg"tc 08 IstcOQodzv 2013
) F F/F |GLA| TM ) F F/IF |GLA| TM
F 37000 F 37000
LO08 | 420 |88,10 | 1,47 |0,74870 L012 500 |74,00 |1,83|0,65212
NO81 | 200 |185,00] 1,78 | 0,74870 N121 | 450 |82,22 |1,41 |0,65212
NO82 | 300 | 123,33/ 1,73 |0,74870| N122 | 320 |115,63/1,89 | 0,65212
NO83 | 270 |137,04|1,93 | 0,74870 N123|270 |137,04/1,99 | 0,65212
NO84 | 270 |137,04/ 1,7 |0,74870 N124|320 |115,63|2,52 |0,65212
F 37000 F 37000
L009 | 330 |112,12/ 2,04 |0,6967 |L014 185 |200,00/ 1,98 |0,71549
NO91 | 320 |115,63/1,47 |0,6967 | N141|200 |185,00/ 1,85 |0,7158
NO92 | 400 92,50 | 1,47 |0,6967 | N142 | 220 |168,18|1,92 |0,71549
N093 | 360 |102,78/ 1,66 | 0,6967 | N143|205 |180,49 1,91 |0,71549
NO% | 330 |112,12/1,77 | 0,6967 | N144 | 140 |264,29 1,97 | 0,71549
F 37000 F 37000
L010 | 220 |168,18| 1,68 | 0,69940 L015|240 |154,17/1,62 | 0,6962
N101 | 300 |123,33/1,53 |0,69940 N151|260 |142,31 1,68 |0,69962
N102 | 310 |119,35/1,4 |0,69940 N152|270 |137,04/1,53 |0,69962
N103| 320 |115,63|1,88 |0,69940 N153|280 |132,14/1,74 |0,69962
N104 | 240 | 154,17/ 1,93 | 0,69940 N154 | 240 |154,17/1,54 | 0,69962

v OB dzd yw

l sdz' s9' odd3 tet 9 Odzdzgv 29 IstcOo

) F F/F |GLA | T™M

F 105000

LOO7 | 15000 | 7,00 |1,17 |0,80802

NO71 | 9000 |11,67 1,17 |0,80802

NO72 | 5000 |21,00|1,32 |0,80802

NO73 | 4900 |21,43|1,32 |0,80802

NO74 | 15000 | 7,00 |1,17 |0,80802




v OB dzd yw

) sdz s9 ' o dOdf toy jotdhdadry 2 0 1 3
- F| FIF [GLA[TM | F F/F |GLA|TM
F 56000 F |110000
L003| 1000| 56,00 | 1,89 |0,8370| N13L | 1438 | 1,88 |1438|0,7334
NO3L| 1100| 50,91 | 2,01|0,8370| N132| 1290 |1,93 |1290|0,7334
NO32| 1050| 53,33 | 2,10|0,8370| N133 | 1460 | 1,88 |1460|0,7334
NO33| 1100| 50,91 | 1,86 |0,8370| N134| 1140 |1,98 |1140|0,7334
NO34| 1050| 53,33 | 2,10/0,8370/ F | 100000
F 56000 L014 |600 | 166,67| 2,07 | 0,7881
LO08| 750| 74,67 | 2,58 | 0,8372| N141 | 1250 |80,00 |2,15 | 0,7881
NO8L| 900| 62,22 | 1,92|0,8372| N142|500 | 200,00 2,47 | 0,7881
NO82| 600| 93,33 | 226 | 0,8372| N143| 600 | 166,67| 2,39 | 0,7881
NO8&3| 1100| 50,91 | 2,07 | 0,8372| N144| 1000 | 100,00 1,74 | 0,7881
NO84| 750| 74,67 | 2,3 |0,8372F | 100000
F 56000 L015 | 700 | 142,86/ 1,83 | 0,7809
LO09| 800| 70,00 | 2,31|0,7575| N151| 960 | 104,17| 2,17 | 0,7809
NO9L| 800| 70,00 | 2,14 |0,75/5| N152 | 1200 |83,33 | 2,03 | 0,7809
NO92| 750| 74,67 | 2,09|0,7575| N153 | 750 | 133,33| 2,27 | 0,7809
NO93| 1100| 50,91 | 2,17 |0,7575| N154| 850 | 117,65/ 2,17 | 0,7809
NO94 | 1300| 43,08 | 2,39 0,7575
F | 100000
L012| 1000| 100,00 2,09 | 0,7688
N121| 950| 105,26/ 2,12 | 0,7688
N12| 600| 166,67| 2,25 0,7688
N123| 800| 125,00 2,2 |0,7688
N124| 1000| 100,00 2,1 |0,7688
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v OB dzd yvw
YJ tco dz

l szt s’ odd3" tos 9 Odzdgw 17
) F | R/F GLA | TM ) F | R/F GLA | TM
F 110000 F 110000
LO01 | 1150|95,65 |1,75|0,5729 | LO08 550| 200,00 2,15 | 0,6813
NO11 850| 129,41| 2,09 | 0,5729 | N0O81 350| 314,29/ 2,09 | 0,6813
NO12| 1320|83,33 |2,11 |0,5729 | NO&2 600| 183,33| 2,24 | 0,6813
NO013 800| 137,50] 2,01 | 0,5729 | NO83 500/ 220,00/ 1,88 | 0,6813
N014 600| 183,33| 2,19 | 0,5729 | NO&4 800| 137,50/ 1,94 | 0,6813
F 110000 F 95000
NO21| 1000{110,00|1,97 |0,7676 | L011 750| 126,67| 1,99 | 0,5185
NO22 730| 150,68| 2,12 | 0,7676 | N111 500/ 190,00 2,09 | 0,5185
NO023 570| 192,98/ 2,02 | 0,7676 | N112 350|271,43| 2,09 | 0,5185
NO024 950| 115,79/ 2,14 | 0,7676 | N113 500/ 190,00| 1,99 | 0,5185
F 110000 N114 650| 146,15/ 1,98 | 0,5185
NO31 650| 169,23/ 2,00 | 0,8109 | F 95000
NO32 600| 183,33/ 1,84 | 0,8109 | L013| 1300/ 73,08 |2,07 | 0,7043
NO33 650| 169,23/ 2,09 | 0,8109 | N131 790| 120,25/ 2,06 | 0,7043
NO34 550| 200,00/ 2,03 | 0,8109 |N132| 1100|86,36 | 1,94 |0,7043
F 110000 N133 760| 125,00/ 2,01 | 0,7043
NO041 550| 200,00] 2,16 | 0,7227 | N13#4 780| 121,79/ 2,17 | 0,7043
N042 520| 211,54/ 2,16 | 0,7227
N043 700|157,14| 1,82 | 0,7227
NO044 690| 159,42| 1,82 | 0,7227
v OB dzd yvw
1l sdzt s’ odd3 tet 9 Odedzw 21 yJ tco &
] F FIF | TM ) F F/IF | TM
F 105000 F 95000
LO16 |34000 |3,09 |0,5211 |L018 |14500 6,55 |0,5562
F 105000 N181 | 30000| 3,17 | 0,5562
LO17 |40000 |2,63 |0,5090 |N182 |45000| 2,11 |0,5562
v OB dzd yvw
1 sdz' s odd3 tos 9 Odadaw 22 yJ tco o
) F F/F GLA | TM ) F F/F GLA | TM
F 110000 F 110000
L028 | 1320 |83,33 | 1,99 | 0,8169| L0030 |1200 |91,67 |1,98 |0,8336
N281 | 670 164,18| 2,15 | 0,8169| N301 | 1150 |95,65 | 2,22 | 0,8336
N282 | 750 146,67| 2,12 | 0,8169] N302 | 1540 |71,43 |1,91 |0,8336
N283|1200 |91,67 |2,02 |0,8169 N303| 700 157,14| 2,01 | 0,8336
N284 | 820 134,15/ 1,88 | 0,8169| N304 | 920 119,57| 2,14 | 0,8336




147
v OB d&zd yvw ¢

l szt s’ odd3 tet 9 Odedz 26 yYJ oo &

) F F/F GLA | TM ) F F/F GLA | TM

F 85000 F 65000

L022 | 550 | 154,55/ 2,11 | 0,6863| L026 | 530 |122,64|2,09 |0,7655
N221|720 |118,06| 2,37 | 0,6863] N261|460 |141,30|2,02 |0,7655
N222 | 510 |166,67 1,93 | 0,6863] N262|430 |151,16|2,32 |0,7655
N223|540 |157,41 2,14 |0,6863] N263|650 |100,00|2,18 |0,7655
N224 1480 |177,08/ 1,86 | 0,6863| N264 | 440 |147,73| 2,26 |0,7655
F 85000 F 58000

L023 | 630 | 134,92 2,02 | 0,6644|L027 | 150 |386,67|2,27 |0,7643
N231|950 89,47 |2,11 | 0,664 | N271|220 |263,64|2,32 |0,7643
N232 | 1030 | 82,52 | 2,24 | 0,6644| N272 | 190 | 305,26/ 2,51 |0,7643
N233|560 |151,79 2,6 |0,6644| N273|330 |175,76|2,49 |0,7643
N234| 750 |113,33/2,01 | 0,6644| N274|180 |322,22|2,47 |0,7643
F 75000 F 55000

L025|850 88,24 |1,89 |0,7427/L.029|420 |130,95|2,17 |0,7988
N251 | 710 |105,63|2,05|0,7427| N291|390 |141,03|2,14 |0,7988
N252 | 740 |101,35|2,21 | 0,7427| N292 | 380 | 144,74| 2,26 | 0,7988
N253| 1100 | 68,18 | 2,17 | 0,7427| N293 | 510 |107,84|2,11 |0,7988
N254 | 650 | 115,38/ 1,98 | 0,7427| N294 | 480 |114,58| 2,11 |0,7988
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v ®@dzd yv ¢ .
Il sdz s’ odd3 to¥ 9 Odzdzgw 08 dzd § dgw

) F F/F |GLA| T™M F F/F |GLA| TM

F 95000 F 74000

LOO8 | 1630/58,28 [1,98 |0,7871 L015| 1065(69,48 [1,97 |0,7321

NO81| 830)|114,46{2,32 |0,7871 N151| 690|107,25 2,17 |0,7321

NO82| 830|114,46/1,82 |0,7871 N152| 650]113,85 |2,55|0,7321

NO83| 800|118,75/1,77 |0,7871) N153| 1140/6491 |19 |0,7321

NO84| 450/211,11/1,91 |0,7871) N1¥4| 685]108,03 [1,98 |0,7321

F 74000 F 74000
LO09 | 400|185,00[1,77 |0,7223 L0016 | 20000| 3,70000 0,4520
NO91| 530)139,62/1,89 |0,7223 F 74000
N092 | 350|211,43|2,12 |0,7223| N171 | 14000 5,28571 0,4403
NO93| 330|224,24/1,75 |0,7223| N172 | 13500| 5,48148 0,4403
NO94| 600)|123,33/1,64 |0,7223 F 67000
F 90000 L018 | 13000| 5,15385 0,5003

LO10| 890)101,12/1,68 | 0,7600 F 95000

N101| 540|166,67/1,97 |0,7600|L021 | 1450|65,52 |2,04 |0,6214

N102| 720|125,00[2,03 | 0,7600 N211| 1100| 86,36 |2,04 |0,6214

N103| 910/98,90 [1,85|0,7600] N212| 750|126,67 |2,07 |0,6214

N104| 650)138,46/1,78 | 0,7600] N213| 800|118,75 | 2,07 |0,6214

F 90000 N214| 1170/81,20 |[2,07 |0,6214

LO12 | 450|200,M|2,2 |0,7075 F 95000

N121| 1185|7595 [2,2 |0,7075 L023| 1120{84,82 |1,68 | 0,6916

N122 | 715/125,87{2,1 |0,7075 N231| 1415/67,14 |2,06 | 0,6916

N123| 520/173,08/1,75|0,7075 N232| 800|118,75 [1,96 | 0,6916

N124| 640|140,63/1,64 | 0,7075 N233| 460|206,52 2,1 |0,6916

F 950@ N234| 1300/ 73,08 [1,95|0,6916

LO13 | 1300/ 73,08 | 2,07 | 0,7043 F 95000

N131| 790|120,25[2,06 |0,7043/ L025| 680(139,71 |[2,56 |0,7531

N132| 1100/86,36 [1,94 | 0,7043 N251| 420|226,19 |2 0,7531

N133| 760|125,00{2,01 |0,7043| N252| 775]/122,58 |2,15|0,7531

N134| 780/121,P|2,17 |0,7043 N253| 950{100,00 [2,06 |0,7531

F 74000 N254| 750)/126,67 | 2,01 | 0,7531

L014 | 520|142,31 2,7 |0,7301

N141| 580|127,59 2,09 |0,7301

N142| 540|137,04| 2,51 | 0,7301

N143| 1070/69,16 | 2,57 | 0,7301

N144| 870/85,06 [1,82|0,7301
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09
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v OB dzd yw

F/F

GLA

™

F

F/F

GLA

™

76000

F

76000

LOO5

8700

8,74

1,03

0,7193

LOO6

5270

14,42

1,16

0,6856

NO51

6350

11,97

1,2

0,7193

NO61

2050

37,07

1,62

0,6856

NO52

4800

15,83

1,12

0,7193

NO62

4300

17,67

1,12

0,6856

NOS3

845

89,94

2,3

0,7193

NOG3

8300

9,16

0,99

0,6856

NOX4

1490

51,01

1,65

0,7193

NO64

7700

9,87

1,01

0,6856

1

ts dz!

so

o dd3 tc¥ o OdzdzW

2013

v OB dzd yw

12

FIF

GLA

™

F

R/F

GLA

™

66500

F

66500

LO25

1750

38,00

1,88

0,7280

L028

1900

34,21

2,16

0,7555

N251

1750

38,00

2,02

0,7280

N281

2300

28,26

1,86

0,7555

N252

1500

44,33

1,8

0,7280

N282

2250

28,89

1,83

0,7555

N253

1550

42,90

1,88

0,7280

N283

1470

44,22

1,9

0,7555

N254

1820

36,54

2,2

0,7280

N284

1900

34,21

1,78

0,7555

66500

F

66500

LO26

920

72,28

2,06

0,7368

L029

1180

55,08

1,99

0,7787

N261

810

82,10

2,61

0,7368

N291

1290

50,39

1,99

0,7787

N262

1190

55,88

2,18

0,7368

N292

1400

46,43

2,23

0,7787

N263

1120

59,38

2,09

0,7368

N293

1320

49,24

2,05

0,7787

N264

1050

63,33

2,26

0,7368

N2%A4

1390

46,76

2,26

0,7787

66500

F

66500

LO27

640

103,91

2,27

0,6770

LO30

800

81,25

2,01

0,7071

N271

570

116,67

2,43

0,6770

N301

1790

36,31

2,34

0,7071

N272

570

116,67

2,46

0,6770

N302

520

125,0

0| 2,05

0,7071

N273

570

116,67

2,32

0,6770

N303

1470

44,22

2,22

0,7071

N274

600

110,83

2,55

0,6770

N304

1410

46,10

2,18

0,7071

¢

¢

dzd § dav



v OB d&zd yvw ¢
Il sdz s odd3 to¥ 9 Odzdzy 08 M toff d

) F F/IF |GLA| T™M ) F F/F |GLA| T™M
F 78500 F 102000

L029 | 702|111,82/1,92 |0,7860/ L0O45| 1150|88,70 |2,08 |0,7654
N291| 860|91,28 |2,07 |0,7860 N451| 1180|86,44 |1,73 | 0,7654
N292| 480|163,54/1,98 | 0,7860 N452| 1090|93,58 | 1,76 | 0,7654
N293| 520|150,96|1,95 | 0,7860| N453 870| 117,24/ 2,17 | 0,7654
N294 | 440|178,41 1,96 |0,7860 N454| 1130|90,27 |2,26 | 0,7654
F 89000 F 94000

L041 | 1350| 65,93 | 1,63 | 0,6614| L046 560| 167,86/ 1,93 | 0,7745
N411| 1500| 59,33 | 1,86 | 0,6614| N461 440| 213,64/ 2,1 |0,7745
N412 | 1880|47,34 | 1,9 |0,6614| N462 790| 118,99| 2 0,7745
N413| 1550| 57,42 | 1,96 | 0,6614/ N463| 1000|94,00 | 2,17 |0,7745
N414 | 1150| 77,39 | 1,95 |0,6614| N464 700| 134,29/ 1,89 | 0,7745
F 91500 F 86500

LO42 | 750|122,00] 1,92 | 0,7069| L0447 610| 141,80/ 1,69 | 0,8112
N421| 720|127,08 2,07 | 0,7069| N471 640| 135,16/ 2,04 | 0,8112
N422| 800|114,38|2,03 | 0,7069| N472 530| 163,21/ 1,92 | 0,8112
N423| 760|120,39|1,87 | 0,7069| N473 600| 144,17/ 1,87 | 0,8112
N424| 870|105,17| 1,88 | 0,7069| N474 650| 133,08/ 2,09 | 0,8112
F 96500 F 84500

LO43 | 980|98,47 | 1,93 |0,7331| L048 480| 176,04| 1,65 | 0,8057
N431| 1100|87,73 |1,9 |0,7331| N481 530| 159,43/ 1,65 | 0,8057
N432| 1120|86,16 | 1,68 | 0,7331| N482 440| 192,05| 1,97 | 0,8057
N433| 1510(63,91 | 1,56 | 0,7331| N483 510| 165,69/ 1,73 | 0,8057
N434| 1090| 88,53 | 1,52 |0,7331 N4&4 550| 153,64/ 1,72 | 0,8057
F 99000 F 81500

LO44 | 980|101,02| 1,24 | 0,7457| L049 480| 169,79/ 1,7 |0,7930
N441 | 1100| 90,00 | 1,24 | 0,7457| N491 630| 129,37/ 1,77 | 0,7930
N442 | 1050|94,29 | 1,6 |0,7457| N492 390/ 208,97 1,79 | 0,7930
N443| 1150| 86,09 | 1,84 | 0,7457| N493 650| 125,38/ 1,86 | 0,7930
N444 | 920|107,61 1,97 | 0,7457| N4 510| 159,80/ 1,87 | 0,7930

15C
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v OB dzd y% ¢

l szt s’ odd3 tet 9 Odedz 23 yYJ oo &
) F F/F |GLA|TM ) F F/F |GLA|TM
F 107000 F 107000
L019 | 4200 |25,48|1,77 |0,7215|L024 | 11800 |9,07 | 1,05 |0,6120
N191| 4400 |24,32/ 1,80 | 0,7215/ N241|13000 (8,23 |1,12 |0,6120
N192| 3900 |27,44|2,04 | 0,7215] N242|10700 |10,00| 1,18 |0,6120
N193| 5500 |19,45H 1,63 |0,7215/ N243|10300 |10,39|1,21 |0,6120
N194| 4800 |22,29|1,77 |0,7215| N244| 12700 |8,43 | 0,96 |0,6120
F 107000
L020 | 4300 |24,88| 1,82 | 0,5568
N201| 6500 |16,46| 1,61 | 0,5568
N202| 3700 |28,92|2,14 | 0,5568
N203| 5600 |19,11| 1,75 |0,5568
N204| 6500 |16,46| 1,68 | 0,5568

v OB dzd y®& ¢

1 sdz s " 9 @dpdig? 625 dzdff dzvw 2014 fto
) F F/F GLA | TM ) F F/F |GLA|TM
F 96000 F 96000
LO37 | 5400 17,78 | 1,41 | 0,6855/ L0O39 | 5700 |16,84| 1,43 | 0,8080
N371| 6500 14,77 | 1,38 | 0,6855 N391|8500 |11,29|1,16 | 0,8080
N372| 6700 14,33 | 1,62 | 0,6855 N392| 5600 |17,14| 1,38 | 0,8080
N373| 6800 14,12 | 1,25 | 0,6855 N393| 6200 |15,48| 1,26 | 0,8080
N374| 8200 11,71 | 1,29 | 0,6855 N394 | 5400 |17,78| 1,58 | 0,8080
F 96000 F 96000
LO38 | 4600 20,87 | 1,77 | 0,7193| L0O40 | 5900 |16,27|1,12 | 0,7918
N381| 4900 19,59 (1,62 |0,7193| N401| 7900 |12,15/1,11 | 0,7918
N382| 5300 18,11 | 1,69 | 0,7193| N402| 9000 |10,67|1,09 |0,7918
N383| 5800 16,55 (0,99 | 0,7193| N403| 5300 |18,11|1,47 |0,7918
N384 | 5600 17,14 1,01 | 0,7193| N404| 6200 | 15,48/ 1,61 | 0,7918
F 96000,00
LO36 | 1420 67,61 | 1,63 | 0,7068
N361| 950 101,05| 1,88 | 0,7068
N362| 1260 76,19 | 1,72 | 0,7068
N363| 1090 88,07 | 1,73 | 0,7068
N364| 820 117,07/ 2,06 | 0,7068
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[ BHOBE
ltosctcOd3dz’ CtSH BSHEDEZ 98 HAY tjOd L OY'
tctsmdzd dzdets yls © [zt OIS L IS 9 1IO@2d HA 1S Hip1f f3ES IS 158 © dzB |
Csmdz" ydedrmr L d2° &BC " o
1.1. ltsectcOdgdz2 SCtHd dBBHEZd 9 ©GOH' 5
COdzOdz' 9 ¢ tsfdgs yalgs[casy L dz' i3S Iz

I.1.1. lisctOddd? S Hse @dw deee s L st
L j Bdzs’ o j R dg

/I Mul tiband Surface Irradiance
/I SciLab v5.4.1 Script , 2005-2013
clear();

function d=JD(year,month,day,hour,minute,second) // Julian date
a=(14 - month)/12;
y=year+4800 - a;
m=month+12*a - 3;
n=day+(153*m+2)/5+(365+1/4 - 1/100+1/400)*y - 32045;
d=n+(ho ur - 12)/24+minute/1440+second/86400;

endfunction

function d=YD(year,month,day) // day of year
M=1:(month - 1);
Y=year*ones(M);
d=sum(eomday(Y,M))+day;

endfunction

function h=SunHeight(latitude,day,hour) // sine of Sun angle over horizon
phi=%p i*latitude/180; // image geographic latitude
delta=%pi*23.45/180*sin(2*%pi*(284+day)/365); // Sun declination angle
tau=%pi*(13 - hour)/12; // local time, hours
h=sin(phi)*sin(delta) + cos(phi)*cos(delta)*cos(tau);

endfunction

function R=SunRad(  L,day) // Sun radiation spectral distribution

h=6.626124e -3 4 ; /] Pl ank constant, WAs 2
€=2.997925e8; // light velocity, m/s

k=1.380652e -2 3 ; [/ Bol zmann constant, WAs 2/ K
w=2897768.552; !/ Wi ene constant, n mA K
s=475; // Sun max radiancy w awelength, nm

T=w/s; // Sun radiation temperature, K
r=0.696; // Sun radius, Gm
D=149.6; // Sun to Earth distance, Gm

e=1- 0.01674*cos(0.9856*(day - 4)); /] Sun to Earth distance correction for Julian day
R=2*%pi*h*c"2/(L/1e9)"5/(exp(h*c/k/( L/1e9)/T) - 1)/1e9*(r/D/e)"2; /I surface spectral
irradiation, W/m2/nm
endfunction

function R=PlankRad(L,T) // radiation spectral distribution

h=6.62517e -3 4 ; /'l Plank constant, WAs?2
€=2.99793e8; // light velocity, m/s
k=1.38054e - 23; // Bolzmann constant, WAs 2/ K

epsilon=0.9768; // average thermal emissivity
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R=2*%pi*h*c"2/(L/1e9)"5/(exp(h*c/k/(L/1e9)/(T+273.15)) - 1)*epsilon/1e9; // Plank's

radiancy, W/m2/nm
endfunction

F=[510 590; 610 680; 800 890]; // MSU spectral bands, nm

m=size(F,1); /I number of spectral bands

mprintf"~ \n dff JClsteOdz: d22 MdedzOlskzted Mmj deMsteO® (BEmENdr H' Of OL Sdz
A=read('SCIENCE \ POLYGONCalibration =\ CALG ATMOS.DAT', - 1,2); // atmosphere spectral

transparency

dt=[2011; 10; 5; 9; 4; 55];

day=JD(dt(1),dt(2),dt(3),d t(4),dt(5),dt(6)); // Julian date of image

latitude=50.37; longitude=30.495; // site geographic latitude, degrees

hi=SunHeight(latitude, YD(dt(L),dt(2),dt(3)),dt(4)+dt(5)/60+dt(6)/3600); // Sun height of

image, rad
T=15; /'l surface temperature, AC
fori=1 :size(A,1),
R(i)=(SunRad(A(i,1),day)*exp(log(A(i,2))/hi)*cos(%pi/2 - hi)+PlankRad(A(i,1),T)); //
surface spectral irradiance, W/m2/nm
end;
for i=1:m,

L=find((A(:,1)>=F(i,1))&(A(:,1)<=F(i,2))); // inside band wavelenghts, nm

mprintf (' sfjSRlwPDLdsEd2 Ho6. 2f .\n,FEA)HiR); ded3

tau(i)=mean(A(L,2)); // band atmospheric transparency
mprintf (' CfjSChttOd dzgj ¢ e zm§ D udzddy,
radiance(i)=mean(R(L))/%pi; // band surface irradiance, W/m2/nm/sr

Obdismy jted  %f

mprintf (' CHfgO sePusd' dzj dzdz’ Mls' 1§ o jef dz' \ e, ratidnce()tsBRA ¢ BA fe)

end;
signature=radiance.*tau*1e3; // at sensor full spectral radiance, W/m2/nm/sr

I exec(MBIRRAD.SCI";

11,2, 1ebcteoddd? € sl jdfusidamy ds 6 s

sj MssdYE" &8

/I Spectral Bands Reflectance for Sich - 2/MSU Calibration

/l SciLab v5.5.1 Script, 2007 - 2014

clear();

mprintfC \ n Spectral bands reflectance \nY;

/I X=read('SPECLIB \ Grassland \ grass_lawn_green.txt', -1,2);

/I X=read('SPECLIB \ Grassland \ grass_green.txt' ,-1,2);

Il X=read('SPECLIB \ Grassland \ grass_dry_green.txt, -1,2);

/I X=read('SPECLIB \ Grassland \ grass_fescue_wheat.txt', -1,2);
/I X=read('SPECLIB \ Grassland \ grass_dry_gold.txt', -1,2);
X=read('SPECLIB \ WATERsilt_water.txt', -1,2); Il spectral library data
n=si ze(X,1); // spectral samples number

B=read('SICH.DAT', - 1,2); I/ spectral bands boundaries

m=size(B,1); // spectral bands number

for i=1:m,
F=find((X(:,1)>=B(i,1))&(X(:,1)<=B(i,2))); // spectral band samples
R(i)=mean(X(F,2)); // spectral band a verage reflectance
mprintf('spectral band %3f .. %3f
end,

I/l exec('SICHCAL.SCI"Y;

Om aw,R(irlpBgi,8),Rfi))ef | ect anc



157
1.3L [ d fols o to iR MetOE gz IsdEs{cqsORtde o O digj € Is tc O d
C OdzOeB®Os MY j ClteOd dzs’ O Bt O I dindsED fize v

gff JClste@z iz Of OLtsdz = 510 .. 590 dzd

gl JCIstcOdz dzj ftesf MG Odzdzv OlsdissmW jted = 0. 896165

e jClstcOdz dzO s etsd3’ dzj dzdz’ Mis' ¢ 9  ten dz = 285.170976 lls/ (dB2AdN
gff JClste@Pz iz Of OLtsdz = 610 .. 680 dzdf3

gl JCIstcOdz dzgj ftesf MG Odzdzv OlsdssmW jted = 0. 913336

sl jBBdz 20 sSfttsd daj ddz Mis! o jtends = 257. 771515 I/ ( B2ABE B
gff J Clste@dz iz Of OLtsdz = 800 .. 890 dzds

gl JCIstcOdzr dzj ftesf MG Odzdzv OlsdssmW jted = 0. 841547

4 jClstcOdz dz0 tsftetsd3 dzj dedz’ Mls! e jtends = 152.10062 11/ ( &2 A&BS
spectral band 0.51 .. 0.59 Om =z0.H978%(egetmtof) DN € 144545782

L = 30.600529 I/ ( B2ABSBAMNE)

spectral band 0.61 .. 0.68 Om average reflectance = 0.110
L = 26.026537 1/ ( &32AdBRS BAMNt)

spectral band 0.80 .. 0.89 Om average r ethtbndBN=a185283049 0. 615
L = 78.829841 11/ ( &32 Ad3¢ &sAMts)

spectral band 0.51 .. 0.59 Om average reflectance = 0.198
L = 50.745576 1/ ( 32ARS B3AMNE)

spectral band 0.61 . 0.68 Om average reflectancael8689922. 141
L = 33.317866 I/ ( B2ARSBANE)

spectral band 0.80 .. 0.89 Om average reflectance = 0.051
L = 6.5637028 I/ ( B2ARSBANE)

Green=1.9324 (DN - 123)+0.48
Red =1.987 (DN - 137) + 0.977
NIR =0.815 (DN - 102) + 3.282
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sy d€d ¢ dz

sjedse 2

1.2.1. 1 itsccOddd?
‘dgls j e sdv oyt

/I Optimal Least Squares Spline Approximation
/I SciLab v5.4.1 Script , 2014
clear();

X=read('M IXED.DAT', -1,4); /[ NDVI - LAl measurements
V=X(:,1); // NDVI data

A=X(:,2); /I geomtric LAl data
G=X(:,3); /l LGA LAl data
F=log(X(:,4)); // photometric LAl data
T=tabul(V,'i");

D=T(:,1); // NDVI approximation nodes
n=size(D,1); // approximation no des number

for i=1:n, E(i)=mean(A(find(V==D(i)))); end;

Df=[0.792; 0.806; 0.814; 0.824; 0.856];

Ef=[1.998; 2.462; 2.342; 2.12; 2.395];

for i=1:n, Q(i)=sum((A(find(V==D(j))) - E(i))."2); end,;
Rg=1- sum(Q)/sum((A - mean(A))."2); // determination coefficient R"2

for i=1:n, K(i)=mean(G(find(V==D(i)))); end;

/I Df=[0.792; 0.806; 0.814; 0.824; 0.856];

/I Kf=[1.78; 2.05; 1.954; 1.7225; 2.0625];

/I for i=1:n, Q(i)=sum((G(find(V==D(i))) - K(i)).2); end;
IIRg=1 -sum(Q)/sum((G - mean(G))."2); // determination coef

/I for i=1:n, Y(i)=mean(F(find(V==D(i))))/2; end,

// Df=[0.792; 0.806; 0.814; 0.824; 0.856];

11 Yf=[2.1467054; 2.3170264; 2.3834679; 2.2093205; 2.4662504];

[l for i=1:n, Q(i)=sum((F(find(V==D(i)))/2 - Y(i))."2); end;

C Ok Gy B o Y 5!

=0.721

ficient R*"2 = 0.778

/IRg=1 -sum(Q)/sum(( F/2 - mean(F)/2).”2); /I determination coefficient R*"2 = 0.875

S=splin(Df,Ef); // approximating cubic spline
H=0.78:0.001:0.87; // NDVI interpolating points
P=interp(H,Df,Ef,S,"linear"); // cubic spline interpolated LAI
clf(); plot(H,P,’ -r'"V,A'dg);

/l exec('OSPLREG.SCIY);



1.2.2. 1twsetO®dd?2 ¢ s Od3taHsH dzvi3Stetis): dotd)R fiplat

/I Goloseevo LAl restoration by spline regression

// SciLab v5.4.1 Script, 2014

clear(); stacksize('max');

mprintfC’ \'n LAl calculation using NDVI spline re gression \n');

I1=648; n=812; // NDVI image size, lines x samples
X=read('ALI - Kiev - 2011 - NDVI.dat',l,n); // NDVI image

D=read('GT -Kiev -2011-NDVl.csv', -1,1); // ground - truth NDVI
E=read('GT - Kiev -2011- LAl.csV', -1,1); // ground - truth LAI
mprintf"  NDVI da ta %u x %u samples loaded \ n',l,n);

C=osplreg(D,E); // approximating cubic spline

progress=waitbar('lines processed : '+string(l));

for i=1:1,
Y(i,:)=interp(X(i,:),D,E,C,"linear"); // spline interpolation
waitbar(i/l,'lines processed : '+string(l - i ),progress);
end;

close(progress);
Y (find(Y<0))=0;
mprintf('" LAI data calculation complete \nY;

dat=mopen('ALI - Kiev - 2011 - LAl.dat','wt");

for i=1:l, for j=1:n, mfprintf(dat,'%9.6f,Y(i,j)); end; mfprintf(dat,’ \'nY); end;
mclose(dat);
mprintf(' LAl data output complete \nY;

I/l exec('MSI - LALSCIY);

15¢
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/I Multispectral Imagery Red Edge Derivative and Position by Spline
/I SciLab v5.4.1 Script, 2008 -2013
clear();

function [ret,rep]=retf(b,g,dg,r,dr,n,dn,s,v,f,h) // spline interpolating without red -

edge band

X=[b g r n; Y=[s v f h]; C=[(v -s)(g -b) 0.3*(1 -(h-0.25)/0.75)]; /I spline
interpolating without red - edge band

D=splin(X,Y,"clamped",C); /I interpolating cubic spline derivatives

K=interp(@ -dg g+dg r -dr r+dr n -dn n+dn],X,Y,D,"linear"); /I cubic spline
interpolated bands

dv=v - mean([K(1,1) v K(1,2)]); // green band correction

df=f - mean([K(1,3) f K(1,4)]); // red band correction

dh=h- mean([K(1,5) h K(1,6)]); // nir band correction

X=[g-dg g gtdgr -drrr+drn -dn n n+dn]; Y=[K(1,1)+dv v+dv K(1,2)+dv K(1,3)+df f+df
K(1,4)+df K(1,5)+dh h+dh K(1,6)+dh];

D=splin(X,Y,"clamped",C); /I interpolating cubic spline derivatives

L=(floor(1e3*(g -dg)):ce il(1e3*(n+dn)))/1e3; /I interpolating wavelength, um

P=interp(L,X,Y,D,"linear"); // cubic spline interpolated spectra

Z=diff(P)./diff(L); // red edge spread function

ret=max(Z); // red edge tangent

Rh=L(find(Z==ret));

rep=Rh(1); // red edge position
endfunction

function [ret,rep]=retb(g,dg,r,dr,n,dn,v,f,h) // spline interpolating without blue band

X=[g r n]; Y=[v f h]; C=[abs((f -v)/I(r -g)) 03*1 -(h-0.25)/0.75)]; /I spline
interpolating without blue band
D=splin(X,Y,"clamped",C); /l interpolating cubic spline derivatives

K=interp(g -dg g+dg r -dr r+tdr n -dn n+dn],X,Y,D,"linear"); /I cubic spline
interpolated bands

dv=v - mean([K(1,1) v K(1,2)]); // green band correction

df=f - mean([K(1,3) f K(1,4)]); // red band correction

dh=h- mean([K(1,5) h K(1,6)]); // nir band correction

X=[g-dg g gtdgr -drrr+drn -dn n n+dn]; Y=[K(1,1)+dv v+dv K(1,2)+dv K(1,3)+df f+df
K(1,4)+df K(1,5)+dh h+dh K(1,6)+dh];

D=splin(X,Y,"clamped”,C); /I interpolating cubic spline derivatives

L=(floor(1e3*(g - dg)):ceil(1e3*(n+dn)))/1e3; // interpolating wavelength, um

P=interp(L,X,Y,D,"linear"); // cubic spline interpolated spectra

Z=diff(P)./diff(L); // red edge spread function

ret=max(Z); // red edge tangent

Rh=L(find(Z==ret)) ;

rep=Rh(1); // red edge position

endfunction
function [ret,rep]=rete(g,r,dr,e,de,n,dn,v,f,u,h) // spline interpolating with red - edge
band

X=[r e n]; Y=[f u h]; C=[(f -V)I(r -g) 0.3*(1 - (h-0.25)/0.75)]; // spline interpolating

withred - edge band

D=splin(X,Y,"clamped",C); /I interpolating cubic spline derivatives

K=interp([r -dr r+dr e -de e+de n -dn n+dn],X,Y,D, linear"); /I cubic spline
interpolated bands

df=f - mean([K(1,1) f K(1,2)]); // red band correction

du=u- mean([K(1,3) u K(1,4)]); /lred - edge band correction

dh=h- mean([K(1,5) h K(1,6)]); // nir band correction

X=[r -dr r r+dr e -de e etde n  -dn n n+dn]; Y=[K(1,1)+df f+df K(1,2)+df K(1,3)+du u+du
K(1,4)+du K(1,5)+dh h+dh K(1,6)+dh];

D=splin(X,Y,"clamped",C); // interpolating cubic spline derivatives

L=(floor(1e3*(g - dg)):ceil(1e3*(n+dn)))/1e3; // interpolating wavelength, um

P=interp(L,X,Y,D,"linear"); // cubic spline interpolated spectra

Z=diff(P)./diff(L); // red edge spread function

ret=max(Z); // red edget angent

Rh=L(find(Z==ret));

rep=Rh(1); // red edge position
endfunction
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function [ret,rep]=retre(g,r,e,n,v,f,u,h) // spline interpolating with red - edge band

X=[r e n]; Y=[f u h]; C=[(f -V)I(r -g) 0.3*1 - (h-0.25)/0.75)]; // spline interpolating
withred -edge band

D=splin(X,Y,"clamped",C); /I interpolating cubic spline derivatives

L=(floor(1e3*g):ceil(1e3*n))/1e3; // interpolating wavelength, um

P=interp(L,X,Y,D,"linear"); // cubic spline interpolated values

Z=diff(P)./diff(L); // re d edge spread function

ret=max(Z); // red edge tangent

Rh=L(find(Z==ret));

rep=Rh(1); // red edge position

endfunction
mprintf' \'n Red edge derivative and position by multispectral data interpolation \nY);
g=0.555; dg=0.035; r=0.6575; dr=0.02 75; =0.71; de=0.02; n=0.805; dn=0.045; // spectral

bands rapideye

/I b=0.485; db=0.035; g=0.56; dg=0.04; r=0.66; dr=0.03; n=0.835; dn=0.065; // spectral
bands landsat

/I b=0.48; db=0.03 ¢g=0.56; dg=0.03; r=0.655; dr=0.015; n=0.865; dn=0.015; // spectral
bands oli

/I g=0.55; dg=0.04; r=0.645; dr=0.035; n=0.845; dn=0.045; // spectral bands sich

nl=756; ns=618; // multispectral image size, lines x samples
/I nI=1032; ns=1158;
/I nlI=880; ns=940;

/l Gbi=read('Sich2 - Goloseevo - 2011- Green.dat',nl,ns); // green band surface reflectance
/I Rbi=read('Sich2 - Goloseevo - 2011 - Red.dat',nl,ns); // red band surface reflectance

/I Nbi=read('Sich2 - Goloseevo - 2011 - NIR.dat',nl,ns); // NIR band surface reflectance
Gbi=read('AC_2011 - 04-25_BURE G.dat',nl,ns); // green band surf ace reflectance
Rbi=read('AC_2011 -04-25_BURE R.dat',nl,ns); // red band surface reflectance

Ebi=read('AC_2011 -04-25_BURE E.dat',nl,ns); // red - edge band surface reflectance

Nbi=read('AC_2011 -04-25_BURE N.dat',nl,ns); // NIR band surface reflectance

/I B bi=read('AC_2011 -11-09_KDRE B.dat',nl,ns); // blue band surface reflectance
/I Gbi=read('AC_2011 -11- 09_KDRE G.dat',nl,ns); // green band surface reflectance
/l Rbi=read('AC_2011 -11- 09_KDRE R.dat',nl,ns); // red band surface reflectance

/I Nbi=read('AC_2 011- 11- 09_KDRE N.dat',nl,ns); // NIR band surface reflectance
mprintf(' multispectral data %u x %u samples loaded \ n',nl,ns);

progress=waitbar('Image lines : '+string(nl));

for i=1:nl, for j=1:ns,

I [Rt(i,j),Rp(i,j)]=retb(g,dg,r,dr,n,dn,Gbi(i,j),Rbi(i, ),Nbi(i,j));
[Rt(i,j),Rp(i,j)]=retf(b,g,dg,r,dr,n,dn,Bbi(i,j),Gbi(i,j),Rbi(i,j),Nbi(,j));

I [Rt(i,j),Rp(i,j)]=rete(g,r,dr,e,de,n,dn,Gbi(i,j),Rbi(i,j),Ebi(i,j),Nbi(i,j));

I [Rt(i,j),Rp(i,j)]=retre(g,r,e,n,Gbi(i,j),Rbi(i,j),Ebi(i,j),Nbi(i,j));

end; wait  bar(i/nl,'Image lines : "+string(nl - i),progress); end,;

close(progress);

dat=mopen('/AC_2011 - 04-25 BURE REP.dat','wt’);
for i=1:nl, for j=1:ns,
mfprintf(dat,'%9.6f',Rp(i,)));

end; mfprintf(dat,’ \'n’); end;
mclose(dat);
mprintf(' red edge position output complete \nY;

dat=mopen('/AC_2011 - 04-25_ BURE RET.dat','wt);
for i=1:nl, for j=1:ns,
mfprintf(dat,'%10.6f ,Rt(i,}));

end; mfprintf(dat,’ \'nY); end;
mclose(dat);
mprintf('  red edge tangent output complete \nY);

/I exec('MSIRESP.SCI");
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I 4. ) cEeswOdsEfz &Y LOWESS Hdv s Ofls dat

/
/I Written by Philippe.CASTAGLIOLA@univ - nantes.fr
/'l Universit?2 de Nantes & I RCCyN UMR CNRS 6597
I
function Y=lowess(X,X0,Y0,h)
I
[argout,argin]=argn()
if argin~=4
error(“incorrect number of arguments")
end
[n,p]=size(X)
[n0,p0] =size(X0)
if (0~=p0)
error("arguments "X" and "X0" have incompatible sizes")
end
[ny0,py0]=size(Y0)
if (n0~=ny0)|(py0~=1)
error("arguments "X0" and "YQ" have incompatible sizes")
end
if (h<=0)|(h>1)
error("argument "h" must be in (0,1]")
end
m=ceil(h*n0)
fori=1:n
Xi=X(i,)
[D,j]=sort( - sgrt(sum((ones(n0,1)*Xi - X0).72,"c")))
Dmax= D(m)
D= D(1:m - 1)
k=j(1:m -1)
Xk0=X0(k,:)
YkO=YO(k)
W=diag((1 - (D/Dmax)."3)."3)
ZkO=doxpand(Xk0,"x")
Zk0=W*Zk0
YkO=W*YkO
a=inv(Zk0*Zk0)*Zk0"™* YkO
Y(i)=[1,Xi]*a
end
endfunction
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/I Time serie parameters extimation for year - long data product

/I SciLab v5.4.1 Script, 2012 -213

clear(); stacksize('max’);

functio n [w,a,p,h]=tspa(X) // time serie pixel analysis
if sum(X)>0 then
w=mean(X); // average value
T=[115,142,198,214,236,246,314]; // time serie, days
m=365; // year period, days
a=1le3*reglin(T, X); /'l daily increment, a
[S ,F]=mese(detrend(X,'l"),m); // maximum entropy spectral estimation

=1e3*S(1, m)/ sum(S); /'l daily periodic factor,

p
R=find(S==max(S)); // resonance frequency
h=2*m*F(R(1)); // significant period
else
w=0; a=0; p=0; h=0;
end;
endfunction

mprintfC \ n Time serie parameters estimation \nY;
1=1032; n=1158; // image size, lines x pixels
Wi=read(NDVI_2011 - 04- 25_KDRE.DAT',n);
W2=read('NDVI_2011 -05-22_KDRE.DAT'l,n);
W3=read(NDVI_2011 - 07- 18_KDRE.DAT',n);
W4=read('NDVI_2011 - 08- 04_KDRE.DAT'I,n);
W5=read(NDVI_2011 - 08- 26_KDRE.DAT',l,n);
W6=read('NDVI_2011 -09- 05_KDRE.DAT'I,n);
W7=read(NDVI_2011 - 11-09_KDRE.DAT'|,n);

mprintf('" Time serie imagery data loaded \ nY;

progress=waitbar('Imagery lines: '+string(l));

for i=1:l,
for j=1:n,
_[;?)Ki,j),A(i,J')‘P(i,J'),H(i,J')]:tspa([Wl(i,J'),W2(i,J'),W3(i,J),W4(i,J'),W5(i,j),W6(i,J'),W7(i,
DI
end;
waitbar(i/l,'Imagery lines: '+string(l - i),progress);
end,;
winclose(progress);
mprintf('  Time serie analysis complete \nY;
mprintf(’ Average value = %.4f, annual increment = %.4f percent, \'n annual periodicity
= %.4f promille, significant period = %.1f days \ n',mean(W),mean(A),mean(P),mean(H));

dat=mopen('NDVI_KDRE_Mean.dat','wt');

for i=1:l, for j=1:n, mfprintf(dat,'%11.7f \W(i,j)); e nd; mfprintf(dat,’ \'nY); end;
mclose(dat);

dat=mopen('NDVI_KDRE_Annual.dat','wt');

for i=1:l, for j=1:n, mfprintf(dat,'%12.7f,A(i,j)); end; mfprintf(dat,’ \' nY); end;
mclose(dat);

dat=mopen('NDVI_KDRE_Periodic.dat','wt’);

for i=1:l, for j=1:n, mfprintf(dat,’ %11.7f,P(i,j)); end; mfprintf(dat,’ \'nY); end;

mclose(dat);

dat=mopen('NDVI_KDRE_Resonance.dat','wt');

for i=1:l, for j=1:n, mfprintf(dat,'%6.1f,H(i,j)); end; mfprintf(dat,’ \'nY); end;
mclose(dat);

mprintf('  Time serie parameters output complete \nY;

Il exec('TSPA - RESP.SCIY;

)

L iz
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CIIOCIB III)IBKHIEHHSI CHEKTPAJIBHOI PO3PIBHEHHOCT!
BAF ATOCHEKTPAJIB [X AEPOKOCMIYHUX 30BPAXKEHD
A IIHH CIIEKTPAJIBHPIM BIKHOM

/ ,.Bmxaﬂo anom)mo Ao 3axoxiy pramn "Hpo oxopony npaB Ha BHHAXO/M
1 kopucHi Mozieni”. 7

‘ ',"27 07. 2015.
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