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ABSTRACT

Romanciuc |. FMethod for BeterminingLand Cover Moisture Content Bsed on
Remote Sensingda i Qualifying scientific workasa manuscript.

The thess for the Candidate of Sciersxdegree on specialiy05.07.12 Remog
Sensingl St at e | SaentifictCentre do Aerogpace Research of the Earth of
theInstitute of Geological Science tife National Academ of Sciences of Ukraireg
Kyiv, 2020.

A methodology for determininand cover moisture contebfised orremote
sensing datss offeredin the thesis. The need studyland cover moisture conterst
increasinglue to thelobal climatic changexpressedhainly in the disruptiof water
and temperature regimel addition, land cover moisture contdatan important
parametepn theenvironmerdl safetyandhuman life issues.

An insufficient amount ofand cover moisture content results in a disturbance
of soil characteristics, intensifying their degradation processes, a long period of
drought, loss of sofertility and crop productivity.

Implementation ofjeoecological monitoring, which takes into accountamel
cover moisture contenénabledo minimize the losses from the lack of moisture and
mitigate theconsequences of current climate change

Thedevelopednethodology for determininigind cover moisire contentould
be applied at the regional and local scale levilsallows to comprehensively
characterize the current state of thad cover moisture contentthin the Ukraine.
This technige is notable for the integratirfgeld observationsvith remote sensing
data.

When conducting monitoring work at a regional letlg use of large spatial
coverage satellitemagesavailable to coveithe whole territory of thestate was
suggestedCurrently, such requirements are adherdaytthe MODIS seriesatellites
imagery, considered in the stud\ccording tomultispectral satellite imagery dathe
use of various water indices is one of the most widespread methods of moisture leve
determination. Spectral channels of these indices are sensitive tammamsthe soil

and vegetation cover.
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To identify the mostappropriatevater index, five different water indices were
analyzed. For regional level, NDII and RDI water indices were selez$exkcorded
by the MOD13C2 product data from the TERRA/MG>satellite. The methodology
for regional studies ofletermining landcover moisture content was based on the
correlation of the remote sensing data with the climatic and physiographic regions.

From the standpoint of landscape analysis, the study exarmegslain of
Ukraine within mixed forests, deciduous forests, forst®ppe and steppe zones.
Differentiation of physical and geographical conditions depends on tibeoféheat,
moisture,atmospheric circulatiopattern. Thisallows to identify the boundes of
physiographic regions. Therefore, while studylagd cover moisture content at the
regional level it is proposed to take into accdumth the climatic indicators anignits
of physiographic regions that are shifting as noted by scientists fréenedif fields.

Temperaturaependent atmospheric precipitations are the main source of soll
moisture. Precipitation, air temperature and temperature condition of the topsoil at th
depthof 5, 10, 15, 20 cm were analyzédweakening of precipitation presses and
their significant redistributiorthrough time have been observed in recent ygars
Ukraine. As a result, the prolonged drought periodsur, followed by periods of
heavy rains.

According to the diagnosscof current climatic situation meteoagical
indicators three representative model years were selected to detelaniciecover
moisture content: 2007 wabaracterized by the severe drought provoked by the high
temperatures and insufficient precipitatiomridg the growing season, 2015 wag
most anomalous year on a global and regional scale with the increased temperatu
regime, and 201&asa typical year of the XXI century.

The entire territory of Ukraine maps, reflecting spatial distribution of thiand
cover moisture content, weecalculated and compiled in accordance to water indices
values The physiographic regions shown on the maps represent the reference lines «
typical natural and climatic conditions of Ukraine. According to the NDIlI and RDI
water indices values distributip significantlack of moisture in the steppe zone was
observedduringthe selected years: 2007, 2015 and 2016. The fstegpe zone was
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characterized by the lemoisture level. In 2007, the foresteppe zone and the zone
of deciduous forests acquiretiet signs of aridity,and the steppe zond&ecome
catastrophic droughassuch conditionsouldlead to desertificationver the long run

If the trend towards the temperature increase and consmigerease in precipitation
be kept, the conditions of 20@07ay become typical for Ukraine.

At the local level, the distribution of moisture is significantly influenced by the
surface relief. The local landscafieming elements of the territory are characterized
by the micredepression landforms, which determitiee spatial variability of soil
moisture and its transformation.

In the modernrelief the micredepression landforms accumulatamall local
catchment bases of erosion grldcesof increased moisture and soil mass transfer.
This provokes transformation gfoi | s compositi on, t hel
vegetation type in the central part of a midepression. According to the
hydrogeological studies, micepressions represent the associated areas with the
increased filtration and moisture migration gggnamically active zones), which
significantly complicates the land use conditions, causing the spatial variability of
water regime in soils. Appearance of the midepressios on the land cover provokes
great difficulties in agriculture.

At the local level the methodology for determinit@nd cover moisture content
was based on calculating of NWI water index using the remote sensing data with higl
spatial and temporal resolution, since the moisture value is very variable.

Field observations, carried owithin the Baryshiv landfill, held a valuable place
in determining of the soil moisture at the local levBluring April-July field
observationgeriod,the samples of the surface soil lapad beeraken at the 10 cm
depth. In laboratory conditionsoil moisturewas determined by thBérmostatwveight
method that met the requirements of State Standards of Ukvdimk2 comparing the
calculated water index NWI withctual soilmoigure contentthe linear regression
equation was obtained.

The soil moisure contentvalues obtained during thigeld observations are

relevant to thevalues of water indicehaving beenobtained on the basis of
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multispectral satellite imagery data calculatiovith correlation coefficienR2=0.82.
Subsequently, the multivariate regression ofgbi moisture conterdependencen
various meteorological and natural parameters was applied, which made it possible t
estdlish the soil moisture content in the areath similar meteorological andatural
conditions, where the field observations weotperformed.

Based on the regression dependsnzaculation the soil cover moisture map
for the selected fields dfie Baryshiv landfillwas created. The map depitite uneven
distribution of soilmoisture due to theagth's surface natural features.

Baryshiv landfill soils, being formed orforestwooded loams, are capable to
subside while wetting. Thus, the miedepression landforms appear, which can be
identified by the increased soil moistuntent

Another essential methodologpmponentembraces the application oflief
plasticity methodsupplemented by the morphodynami@lgsis based on the radar
imaging The developed maps of the piay of investigatedelief are dynamic and
reflectthe direction of surface water and ground massess ofocal overwetting
and overdrying. These maps could serve a basis for implementation of precise lanc
use in order to improve its ecological camnent and rational resource usage

The developed ntkodology is distinguished by integration ¢ie field
observations data with the remote sensiathand makes it possible to determine the
soil moisture contents at the regional and local levels of research with the aim o
geoecological monitoring intraging.

The study results and implementation of the proposed methodolodsnibr
cover moisture content determination baseteomote sensmdata at the regional level
could be key tanaking the strategic decisions in agricultda®d resourceassessing
monitoring of the climate change impact on the environmenilofine or its large
regions.

The proposed methodology for determinlagd cova moisture contendit the
local level has demonstrated a good dependence of NWI water index values on th
actual moisture contentn the soil cover. This made it possible to develop a soil

moisture map forBar yshi v | andf i Whicld eeflecssethe euneven d
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distribution of moisture due to the presence of mubepressions landforms. The
developed map oheland cover moisture contealiowsto determindghe localization
of micro-depression larfdrmsto be used iprecisionfarming.

Thus,the assessment of tHand cover moisture conteptoposedn the thesis
is of utmost importance while elaboratingationalgeoecological monitoring system.
Thedevised methodan be appliebothas a component of geoecological monitoying
and be adapted fdurther research and solvingriousland usegroblems.

Keywords remote sensing datind covemoisturecornent, regional studies,
climate change micro-depression landformswater indices, droughtsfield

observation.
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National Soil Moisture Network

5 cm Soil Moisture Percentile (SMAP L3) on Wed Aug 26 2020
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&' dzj Oz dzls’ 9 f " HIRIOOO Iz H dzw odMmdzse €' o
sBlkzdiice AfpU' 2ffs ! 1 s Jtcj Hdz 3 HEMdz HY J dedew o
L Offls sz o O dzdaw H Odzd HdMIsOdzy' 2 desec s L s
tesL IsOM z9 Odzdz . Ad, L s5Ctc] 30O, Bzdzs f 5C OL
(2002 009) ' H YoOfm ftsdz esdededn HEsMdz' HY j dz
1B Bzt ofmMisOdtsodzjdets JWjSIsdoedz Mmls! o
sByYydmdze s s Mw L O BOLjte" OZORRd B OCFOTMY |
odSCtstcdmistsolzs yd MY j € Istc Opas aizg dztsadilzH B Hf IsBH O L
Yyblsdzdosegts HBS Lotsdztsy j dzdzy ~“wckdzlstso sets ff t5¢
LOMIstsMizeo Odzdzy o tsHdzdr " dzHjJ C M ©8 HdAzW o MIsC
~nOOCIsjtedL 2z Ist Mmw ' Hodh j datse otsdztse ' Mmls!
Of otsf Rdztdatpde(d? desteBOdz' L 5 aN@V/HAlArmabzésdiMVelzef 2
Indey, L O HBSftBcser WwWIiget ddBoydkdeot Y' dz& o
fsCtedoe sO¢ E eojtemndz sd3dz h Ot Tl d
tesL t6' L dg dzedz’ Mls L dz2 d&3¢ " o 10 dzddy ‘o3 Stefisq
sd’ oh @1

1 yj dzd dzd eOfEOEHZzQ dzt€ sd3” ydad = L dz' lsigf dzjo dzlds'j
ZzO simdtso w Casic@'  dasd 4 pod fai@y Is @ dzds3sdzp g
LOf OHddz L Istdf thied dalz od@lsy difj Is¥e 5 M Is to (7)€ Osflz@cidztsdz
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ftcOo dagts esL oo Ok Is! Mw  dz0 jtdlstste’ wn, w
GOSCBY B d N syt seindstj O HzC ‘se M fedktesyj d2 f
LOfOHddz ste’ " ] &3 Md Misj BOX

[fMsBdzdo tMls' & CtotsL Of On ddedzd &7 W Stods
fjtcjoOydes ¢judbetsdOf Y BCE, L HjlOod
Bt sdzse ' Yydzdn B tel s dR@isE 19§ q @dREE dzs ids B dzd
"stedd & Ststjd Wk, HEY wedn SO©O0Clk)
Mslstsy sH ' B dzdl8g. ) § YBEjdep'dz’ 4 tsdad ¥ § dedz? *° &
o wedrn dOCtsfdykzrls! Mw fOoHSSo sO H
' &z ' CsesMf sHOEM! $dR ttse' ls. 1 jcOkdo dz
CdastOF ' d ' CSeMy sHOEM QHFE &tz Gz,
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Yyj dzlstcl o3 CtesL Of OHddz f jtej a3 hlzs st mpw sy
ftoddzj cdzdn d L OB ddzh s ftedLosHWIS! HIS
Ttokdzssotsets fsCtcdolz IsO olstcOIlsd 2t6ts tosHH

[ " CtosL Of OHddedz Wtsted3dd odoeo yOslIls! mMw L |

toj dzt ‘W GjbBdse' ydzdn dzj sHdeSte' Hdesflsj 2
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HSo JHJdzZO dz0 sd ohddz o d3d ) @ datsts tc dzttss ¢ dz&
B CtsL Of OHddz Ctsdzyj dzlstcOy' W L OB telzH dzj dzdaw
odhj Wodeatwels o¢Ckdodd?2 ofddes & St
gl dz SOy 2dasdslz o dzj dzdz ' HLj d3ded 7
Hsfd HYy jddv s 1. [. zjmssiOdssd Gss A .
dgh qI99-215. stsdzyj fIskzOdz' dzgz Mmr j Bz 3 d 9 dzj dzdzw
oBH YjtiL & Sl Of OB i ddids 08 tzjcdds tz dro ¢ #) L
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tdf.. 2s8@@Yyj flszOdz dzO fMmrj &3O X do dzj dedzv s O
L Of O §2qqkzd

1 Of OHdded Mj toj HAD G d sz 'dgf O P R j0tc dzd d3q
sO f &zOlsts dz' MsMlsjfsots’ Lisded, WwWC' MW sSted
mMeedzd ¢ Or. | fBtesHOA, WwWC' d&OsIls! dzj e¢ (-
200 d3dz dzO to'' ¢ IsO B ' dzwhj, o' HBERZOO'| MK
tclz 2 dziz ’ MstczCskztcz SO oadd3do O dzj cC BtesL Y
Cdzh tsGts. [ dzv MmMlsjftse s’ Lsded R OtcOCIsj tcdz
GzOs Is! dZzOLelz ftsH(d. yddz 90y yo {§tstetsH O,
sO¢ddz yddesdz OCAsdlo'dsjvh | ¢ e dHLBtRzdals O dz! dzj L
Hj GtcOHOY" v 1R ftesf’' HOdadzw |

14dLOOYOs yd dz0 dgj 94 dzd ¢’ tesL 3 tod SO
B CtotsL Of OH d dedzts ® flzdkg OlkidsIsdz® toj y dd3 o SH
Yy'!' sets dz0 fofFhHsBetso atsdgsdatzmis ~“ tckzdzlstso tsG ¢

ldmdeso € d HB HEkZettets totsL H' dziz

1.[JAOOCjtedL o jOugtc OW " UL 5 L sdzd LS 6O’
“thddsso et fsCtedolz, SOLOCISjtedsd?2 Hdzw Gt

2.t sLedzv dzzlsts sy dzd o * Mils! L Ofistsmiz o O dzda”
HdzZw o dH' dzj dzdzv  flstets ¢ Olsdsjitisd to OO dgrird @Y s to ¢
to' Lded ys Ctoydas] sct@aOWlW ydedSts Ltisdz vS O’ dzgd
9 HtsBtoO) jdedz" Mk klsdedSsodnr Ldz &3¢ o.
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3. B tizdzloweeOdsts H' dzWw dz6 d HESMdz' HY J dedzv H

osdkzse s’ “tthdssotscets f§sStedol.

41 @0 jHjds oMmje' ydk ¢jtsdse' ydkz, ¢
TOBOCkjtedMisdSk GBLOds H' &vdSd Hhd H
osdsetMils’ “thdssotes §sCtdsl.

5] B tokzdzlstso Odats oL O dsL o 0 W L 5C [ totfztdafts to
sO tjdzt ‘" Wk e jtcn dz .
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tdrrwf 3

{17 tuvrovuvlérrc frloRlrRregwri1ic JTJJJ1 v
1rfvd1d YIsuRltoun1RrRMm [ odvzudl 1 RM T wl
r{fefwrrpryic

[ § lsdsw derds &  COstdgHAts fr) df’ defipfe dzOH O dzd ff ts dejieirisrindz’
oL tosBdzj detgj s fE o, UG {isiBtdj HHBAED §lzdedzr'Oldzd - Iz
HdMisOdzy ' 2 dztseLs H OsddgHdgp Cd@izvj d3dzd = MY sMisj to g

ltcd odBBt Csmdz" ydedre L dz BEC" 9 o9tcOR"
Hisfydz Y j dz o Yj dzd e O RO [CHSE (2009, 2010),

O 4 ulsOdS j g, Ol .} s SHZY, Wl.vd SO0 HBMlstdses
[ J| & MlstcO43s5a3d° O ' d L o dL dzOyj dzdz”

BOCOIBMY jSIsteOdz dzgd R L 5B tefpj dz' |, O fisksti)dzds@a
Mz yOmdzed = NDAARMHRER, TerrdODIS, LandsaiTM, ETM+, OLI, SPOT

-4,-5 Sentinells© " dzgh ") Hdzw By dCd L Jj Bdesets s
sjtdlsste’ ° VSO dad .

szyoOfmded?2 HtsMeo ' H HdMIsOdzy"' 2 dats’ B Gryk ‘di€ !d
O wjLizd IsOOR HBMdZ HY j d& fjtcj oOydats ¢
LEtO dod. | jdzdSd2 wefMwe kOCHE tse'ls o
LEtO dzd © to' L dzd R -czBdzcO@ W I3 AW LISEAOE . ]
ftotsB dzj d3d Gy’  dz¥ 9 Qdeddeddy O o SEAIS tEdNISOW L | d3dzts
BOCOIEMY jSstcOdz dzd T L dzg BC' & odS dzd S OcdzO
fteswo'a §sMkznd o LoadWLCE L Cd &OIsdyd
Mlsjfcseo' 2 Ld , BhMssddeos §' Mdv Ysthlscs’

1 dz2Oydets d3j dgh j tesB'Is ftwodMmewyjdets HEM
fsCtcdolz dO tjc' sdOd dsfz ' o dzg’ L tsn
Il " HiMklsdz fMls BOLtso 5’ tcJ G' 5dzOdz! dzts’ COtels
¢ dzOH dz¥ * tetsL tetsBCkz L OcdRalz ddislz y G fipdsts dot© d3fg
LEtO dzd SO "7 twsHE Ytsmis' .
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ltcd odBtsts CsmMds” ydzed s L dz d3¢" 9 9 tc0On t5¢
tc' o j dz Hisfpdz' H Y j dg sO "7 yYy' &z tej HtdlL
Hisfpdz' H Y j d& " deW sted3OIs d 9 detsls BOc@tMmy BC

zOo j HJ dzts dzO02 B 'Mdz'fMiz Is g § &lswfizy dg d fi5 ) fzizef » § dzdz™

f cCtolff® ZesL cOrRzdzaS . atsHdzed =" ' dzH j C M o
v OB dAf1y W
]l ste’ adgv dzdzy Y SCOLdzdC " o ' daW Supiz@GB J o dzts
BOMh sOBtsdz C OtclssetcOW " ydzedes d3OIsj to' Odz
sz Ezls|t" € [s' dz'/|y Ofmtso|l esMis@Gtcly d3ze ([ OMh Is
L Of |Is* oL tdzltots L taddz figg L 2 5 A3
Ck COoOdzgdz” Mis! |3 ¢
HisB O
Terrd 1999 |36 1-2 250, 500, 1000, | 2330 1:350000
MODIS 5600 1:1000000
MODIS/ [2000 |6 hsd& fl0, 05 A ( 12330 1:350006
MOD13C2 1:1000000
SPOT5 2002 |5 2-3 2,5/5 10, 20 60 1:25 000,
2015 1:10 000
Sentinel2 | 2015 |13 3-5 10, 20,60 290 1:1500G
1:50000
Landsat 7 | 1999 |8 16 15, 30 185 1:25000
ETM+ 1:80000
Landsat 8 | 2013 |11 16 15, 30 185 1:25000
OLlI 1:80000
| sdzts o dz ¢ dzOH dzs s * 9 BB tolzdzlszo Odzdz

L Bdetsets fsCtcdokz
ftosflststetso 58

ofdzdosdsz BOGOIs! tsn
tesmdzd dzgdetsets f sCted o lz,
s© ° da.
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tQ t

1 OOy OCIs s tsdzg 2

fsCtedokl

Is ©
BOMh sPek"
ftodL dzOyj dadzv

AccEts M ZOH dzj
Hisfydz' 1Y j dz
5B ks o dzv

tG t

H Odzd d3d
sO© yYyoOomtse st

HdMisOdzy ' 2 dats

d3' dzdzd o * Mmiss

8 t

-CWdD Cdicdstafswgdgdz- ff ts 5 dg'H ‘das iz |
o daw

“kdlste dn

yomtse s°

Ldzd 2 L

TOBOSIjte f sl
HtsB tc Oy J dadaw
fjtoj SH

@' Ml




109

%O tjc¢' BdOd dskkz ' E&sCOod dsdkz t' o dvn |
odt' hj dzdaw .

3.1 t1LicsBCOdBzRzBHAEEY o tsdtsetshmis’ L J
tej ' BdzOdz des Bz to' o dz2' HBMdz' HY J dzadgv

S st dzj ¢ MdzO9 diz] dz®q JFdaRE sMiIs® L jJ BBdzse B8
HdzW toj ¢ sdzOdz! dats g ts 1 jiots jo i@ O YHOR fry das B4 6y *j Hial® dzd
Mz zlsded S 59 d n H Odzd L @ opd df dzOL j igfdafC
ZOMmiskzf dzedrn J sOf " o:

1. [B tokdzlskzo Odzdzv o dBBtelz HOd~ HJMIs
Ctsmd3" ydzd L d2' d&3C " o H dzW tcJ 6 BdzOdz! dzsG s
' deW sted3OIsd o dz' Mis Ld2 3BC O IsO Mmlskzy" ™ dgw ¢ Gy
sffffods & sOBdIZdYy® 3.1, tsSLH' d 3. | d &
fsCtedlslsw Isjtedlstste'’ I[sO HBMIsOIsdz s fftots
oCtcdlsd Isjtedlstste’ © LSO dad f totsMis-B tc t§ al3j
yOmtse ] tesL to' L dzj dzdzw ) lsd®®@ ‘dzj dzf ez = 6O o H CDisizflzw ¢
ftsdzv ¢ O o Istsdilz, hse o' HBOLdIsd MisOdz
sBtcOIsd Isdydzjo° HOdzZ . (cSChts dgj sBm' HdzS
MdteJ Hdz! Sd3" MW ydz'" HOdE . | Odz' HJMlsOdlay" 2 wat
otsdzsegtsmis® COdzOdzd L2BRBECd, wWC' dgjtsBR ' HE

2. (0dzOdz' L IO ttsL tcOn EdE F3Ofsty Y@ad d&d Iz’ dgs
HisfMdz' HYy jdedz" . (¢ HYyjtjdzs oadrn' Hdets™  d3j Is g
otsdzise ' Mis! , B g Q3lktg tcrOisAztalzs ¢ HsO @Bty ) 15 Af) df <o
s OR, ad3@B) , IsJ Bzids@ls @ ¢ dzd B d ¢z@r € Bz7 BDOG J -
H Odzd d3d tetsL tcOR SOzt Ist Mmw fMdted Hdz sd3" Mw ydz
Cdz' BOIsd ydzlz -~ OtOCIsjtedMmisdC &z sjtedlstste’ ’
fMd ted Hdz' A3 Mw ydzd d3qd f sCOL dzd & O3q totsL tcOR
' HBBOY O Is! MdlskzOy' st5L O tsih Odzd dz@FgWs | s &
Isj B3 J cOlskted fYtseo' stew IsO €' dz' Ctsfls’ s OH
dzO02 B " dz! h " deW sted3OIs d o dz' tesCd LG Hdes &5
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My smisj toj y J dz L OfMmistsmtse Odats HOdz ©dzfn
MY shisjtej ysiGzy ' @20, Mwe' L OMissme kzs Isi Mmw

CsMmd3' ydats’ CdeW ste 3Oyt T, ' HBB IOy Jj dzdzv € dz
sjtedlstste’' ° VSO dd, KO fSoowL OdsEts L dg

3. [BEBBSO HOdIE HdMkOdy' 2 ds%fs' a isdz
yj dzjsBR' Hdzs, flBSoGHWIS! ¢jBcOl' ydk 1§
5O t©OH' tdjlstedydz CtejCy' . ¢dOdz L k¥ yd
sBdO’ 5! MW dz@2CwOh d2, wed2 f§tedlsOdodzdz]?
Hisfdz HYj dzdzv .

CratuctunyHi
KniMaTUYHI baraTtocnekTpanbHa
AaHi 310MKa Nanawadtn J

I I
Fozpaxyhicy KR NangwadTHUA aHani3
MOKa3HWKIB
“ Po3paxyHok BOAHWMX IHAEKCIB +
. diznko-
Bubip patn NDII RDI reorpadiuHi
30HU

Il
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Bonorlcrb Bonorlcrb
3€MHOro MOKpUBY 3€MHOro NMOKpUBY

TemaTtnyHa i |HTepnpeTau,|ﬂ

t Bl cOW ' YydzO hBsH jdzr BJjIssHdECd HtsMdz HY J C
e G' sdzOdz! dzs Bz t6' 9 dz

4. [ OdgHh OWlded?2 OdOdk' L Isjtedlstste’ = H
oL f SH' dzkz o 5 HaKY dgush ' fsitg £ 8dz® dzd s©O 3§ %'
CjBCEOY ' Yydzdn Lsdz v B0 dBReE.) sic6 oz e Yy o igd 7

ftso " Istow, Bsy dz20 LtesBdlsd ftotsddatst L &3 dad
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G' HicsBj Isj stesdzise ' 9, jOBdzse' & IsO B DA
ftedLoBsHdIs! HB L d3 Mjdedew L sded SAgHs 228z dzO

5. 16t odg"dz dz20 RN OEOCkjtedmMisdSO §rCO
H Odzd n HdMIsOdzy' 2 dzse s L tsdzH 2z o Odzdzv . sz 2
dzOL § Bded &3d MY sMisj e ¥ § dedz” d&3d  H &Y ¢ LdAdals p
Bsdz' ssteddzcz L j Bdesets fsStedobk O wy' dz€ d
tjc' 5dz0F O SO d .

6 . VLS ZOH Odzdz? S Otels oBdsE Ml L j o3k
teSLtcOrts9 Odzgd d3d o BHA2dd3d " dzHj SMOBBd SO 6]
HOIl L O daBiElk juadesd tetsL tOR b dzS Odsd bk zOH O |
fsCtedo kz.

7. uvjBOdUERO “disjteftejlsOy’ v tlsted B3O dz
COtcs OB otdsesfis' L jdhksets §sStedolk &Sy
e’ L ded »  fCtair efHsdgtsy dzd = L tsdzeOfe § L StgiOe jdeg’, M J d3
ftocdtecsHdzdmn Ltsdz SO odL dzOydlsd H' dzvdzC d L
Bklsd Modd df HEt Gf kMl dt o Odzdzw .

311{ B tlzdzslzo OdaizsH dedflB €MD" B Odzed &3 H d M s (
L tsdzH Iz 9 O dzdz”

l 8H dz “dzH § €M tetsL totsB dzj dz’ H dzw sy’ dz¢
Ttwkzdzlstso sz Y sCtede t . r dzv totsL tcOn 2dzS ' o
MitcjHdz 2 " daWtcOyjtcoatsde? H®  OfOL Bsdzed. 1 tst6' 0
dzOL j Bded 3 MY sMisj toj 3 j datley BZYMH, BESH @D &6 LY
o' HSBtOY O' HEMd Hyjd odkOMsdetsmls' . I
sdHdBERE M jChkte', hMtezidEs @ € dzj Wsipk:
dzj stec Odz' yded s dBOIsjte’ Odz' o 2 oeBHB2 BO- d
9 HsB tc O j2dapdats fijls "L | dzj dzts’ (B ' dz " ydmlsO o1
My jClstoz Bdzdy dg' sAdBEz IsO Mjtej Hdz sdBE * daW Oy,
fsedzd dzO0' Mo lsdzs, s SHidMOdets &k §° HtetsSL H



112

HdMisOdzy' 2 dztse ts dzO® dzdzlz ) O tlzdzvo d H d BB’ s© o
mMfJSClstelz.

Yy OfMmists o tsH dz "dzH § S By ks fsCOL Olsc
Istsc s, we o ooyy BLkHJ fesd3 Isdes ftod dzOIslztedz
fsMls@Qodzj dzgdr L OHOY HBMdz' HY J dadzy edssdiiizc tddf
tcJ 6 BdzOdz! dzts A3z tc’ o dgV n , B Iz dzts L totsB dzj dzts
M lsdzd S sotdandsat e IEdi® d f e OdZOdz' L 59 Odets 5
Is OB dA2y

v OB d3R2yw
l sHdz “dzH § €I
1 sd3j wdzH j € fr] A 1S tc d3lz dzO
1 DSWI DSWI = (NIR+GREEN)/(SWIR+RED)
2 NDII NDII = (NIR-SWIR)/(NIR+SWIR)
3 SRSWIR SRSWIR=SWIR1/SWIR2
4 RDI RDI =SWIR/NIR
5 NWI NWI = (GREENSWIR)/(GREEN+SWIR)

Il dL dzOyj dedzv L dzOyj dz@ " dzHJ CM" ® L H' 2Mdad
Mz ZslddSa@® O L O tiL teORbd sodid L dzOyj dzdz”
fowlsd to' L dzed R [2BAd2R6.0 f 5o j to R dz

[ dzv ttsLteOrkzdSEz ydes " dHjSCM & L O L dzO
ftetso jHjdzs  jtojtcORkdatsS L dzOyj dz' Landgdtlic Oo t
LdzOyj dzdz? o dftetsdy dzg¥ 9 Odgdgv, hts dzgOHR BBHJIs!
[ ilssHdC O S jidhOrzdzCdds© o' HBdo Odzdzy MSE dzOH
i Oy ® HBERZOoO' Is' fMw f jtojtcOrnkdetsC L dzOyy ¢
ZOHRBHdI! d2O Mj demfste L O W sted3kz dztss

L L

I-/ = QC:::X: Qr::;m (Qcal - Qcalmin) + I-min/ ’ (31)
Hci LoT € dz0 € fr] s ! 9 q U tc s d3‘ dzé 9 O dzdZdmin o LhafSi dzO+
&3 dz' 3O dz' dzO ‘ BOECMdBORZ! &ZO ¢ " dzt €' Mmis! ¢

sjfdsotsets C OOk ( BR.ZQugs T dg' ddd i Qirdsvdy
BOC M BOdz! dzj S Odz Btetso Odzj L dz@uyj Sz’ PHts §
L dzOyd dzdzv ( DN) , L dzOyjazdgat o Isj f dzso sdzz € C
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10 Hickc tidiz 2fipdagtistc @F k& dzts §
ROMs kY datss V¥ stcdsz dzts® :

) O @t CHEHS L 1SQ

2
r =L, (3.2)
ESUN Cosyg

Hdr, TBJLItSL d3° todzj 1 l6A®Idz Is'Ode'dA] * figls 'H Bajd f to ts
hs dOHRBHdIs'didgO HiMp@elipstc,o ' H | j dgdz’ HES d

sHddzdyvw s © CtdStejlsdzd?2 HJjdz L2tBBCd Myd
L dzOy j dERUN, ,T Mmj toj H daW fnts dzv y dzO f L O0Is d3ts |
odff totsd3’ dz® o0 Odzdzy ( ls@ i fpeh gtz dzd 220 1 j datizls pzd 2

(lsOB dzd ydz' L dzOyj dzdzv ) .
{63 ] HdzV tcLE@ERdS zdzH j €M o, 3@ eQidy jiplsd
L dz0yj dz@ W ¢ tc Oeotfi§lss'tc d indz® @iaRdeO - Qas j dsdyO * d
st 330 s tafQiEEsdzey dz' H W iR &zt OR ZdzS 2 ' dzH
[dzv  * dBSWE ik
ESUN,, CESUN,, QESUNW“..Q"" - ESUN, C.L.gfee”), (3.3)
ESUN,, BESUN, .., ESUN, @, +ESUN,, Q
rdzv Bl C Mkz
TR =T )
r dzv ' BRYWIRM Iz
o @9
r dzvw " @bl ¢ Mz
ES A @9
[ dzv ' WV € iz
S O PESUN @7
[ dzW Hisfhdz" H Y j dzdaW o cdzsg sMis L J Bdzts G 5
By dzde ' Mls! L Ofistsikzo Odzdz? o Hdzd R " WdgH'j €

sy’ dz¥ 9 Odzd mw L O

o 15 dzts dstefL @sadjyL' fo ufjtx®' jfpds ts da
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edm2 D HCtedltsets ~“tkzdidsk, Lt HYyjdts' 1o
5O o' HCtedlsdrn o[R24-dRFn § So jteh tsdz

| NDII
4+

NWI

t B2t SLtcO® isdpEA »~ H dewlgidd fife ‘s dzd = Isd " o
Ldstse dz'  s1ideQ w Jf dzdpvjLtdd] HHA® dixf d3d € O dk@miisap Mz
2L O tetdndsE@®o dd&3d L dzOyj dzdzv &3 S s W' Yy

b ZOBL tOrkzdzS " 8 L O dzOo j H j &d i3] IseOB Haigdd
tcd B2L OMo " Hydo , SWBWIREZAHGE NS sdzs R OOCIsj tod
fMlskzf jdgj &3 otsdztsetsL OB j L J yd dedzv, L dzOyj dzdzgv
a3 dzh dz' L OL dzOyJ dzd® Huiwsh CdzOflp! dz' ¢ ¢
6jSChj dzHso Odets & §BsHOM h da  H s diR224-RIGdzdz" ¢

I dSsted MisOdzdzy L dzOyj dzr St y' * dzs0O ¢
"dHjCM' e LOBjLYjuydds &sydde ' fls! DIW dz b
T dzO® 3 3, 6NDMoi, dz® d2v3 , 8NoMa, dz@1 ddv0 , 4 9 % ° dRDl | +
o' HENWdZGL dB3j dzh j dzdz? 2O 26, 5983 Wkts' alff HisltisG
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CELEON o Odzgs, &O MC' & ¢d o' HMBS' ® LB
L j RBdets™ ftse jton dg' .

v OB dARBY W
t'Ldedy* w' OfOLd o ta deQ@agjdsf IS JdpHOjdfm L aj ot
wdgH g t " Lodgwp " Ldzdy|t " LdedyYt " Ldedyl t " L dzg

tctsLtc' H) dz' MsBIL tesh zo O o tsSH dzts a3’
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