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ABSTRACT

Svideniuk M.O Radar and optical data fusion technique for land surface physic
parameters restoration.

Dissertation for the Doctor of Philosophy degree (PhD) with a degree i 172
¢cTelecommunications and radio engineeéing (17 1  c¢Electronics and
telecommunicatiorsy. - State InstitutiorgScientific Centre for Aerospace Research of the
Earth of the Institute of Geological Sciences of the National Academy of Sciences
Ukrainee, Kyiv, 2021.

Nowadaystheefficient and appropriate solvationrelevant scientific, socioeconomic
and environmental security issu@ghich areessential for human society and environment
require requires Earth observationNEO) data Thus, a modern EO data application
framework provides a gradual transition from the usdgee processed and calibrated data
to the implementation of highdéevel information products named analysesdy data
(ARD). This kind of data is suitabl®t onlyfor direct analysiby geoinformatics experts
but also by specialists in thematic irgtties For example, the spatial distributions of land
surface physical characteristics inaccessible to direct measurements, e.g. air temper
soil moisture, vegetation biomass, risk of emergency events, etc., can be recognized a
ARD.

The nodern emote sensing (RS) netwoskhich isconsisted from numerous aircrafts
and spacecraft, performs a complex synergetic system. In such kind of systemmsation
about a single phenomenon (process, object or etrangmitan several channel3hus, a
problem is to determine the channels that transfer the most reliable data and then to prc
their optimal or rational fusiarin general, the synergetic data fusion approach is reliabl;
for objects and processes characteristics assessment if a data set is pulled. In this pap
unknown characteristic was considered as a random value based on the principles of of
and rada signals distributive law. In order to estimate this value, available data w:
examined as an aggregated dataset and processed as initial statistical variables.

processing was carried out in accordance with statistical theory.



This study focuses ondhaccurate and reliable estimation of absolute soil moisture th;
defines in relation to the mass of dry materéis¢,.%0). However, sinc&\Vs; {s very
changeableand depends osoil-air environment conditionsts reliable retrieval requires
additional physical parameters quantitative evaluation. In particular, this reseaalgh st
includes the estimation dfackscattering coefficientdl) local incidence angles from
ellipsoid ¢) and projected local incidence aegl)), permittivity (J, roughnesssj, soil
(Ty) and land coverT, gsfemperature, vegetation cover parameters (e. g. NDVI) and oth
variousland surface geometric parameters.

The aim of the study was to increase ttaed surface physical parametestimation
accuracy especiallyWs s,.py creating a new technique fiardar and opticaflatafusion
With this aim in view, we improved the methods of optical and radar satellite images digi
processingcalculated the additiondnd surface physical pgmeters and providdtefield
measurements of some of them.

Thus, C-SAR (wavelengthexspr=5,56 cm)Sentinell A/B (S1) HighResolution
Ground Range Detected (GRDH) produsith 10 m spatial resolution were used fdr
estimation. The radamagesprovide the information in discrete integ&@Nsar) format.
Therefore it were processed in op@ource Sentinel Application Platform (SNAP)
software. The processing consisted of metadata updating, calibratiddNgag to (0)
received in VH {ivy) and V() polarizations and dereferencing. The SNAP environmen
allows to generate additional images from the S1 products. Thus, the imageisi@fce
angles anddwere also retrieved.

The estimation oflwere provided based on Integral Equation Model (JEtith the
fixed ratio of a horizontal correlation length=4) to the standard deviation sf The
physical parametefsy, vwanddwere used as input data estimated for S1 GRDH product:
Since the IEM is imperfect, it leads to théunction rupture for some combinations of the
input data. Therefore, a number of improvements were provided. Firstly, the relati
equality condition ofdy & wlvasimplemented, since the measuring of a single physica
parameter with different device®.g. C-SAR VV/VH), the result should not differ

significantly. Secondly, sincgis also unknown variable, the toleramamge was limited



C-SAR

for 0,01 cm <s< cm, based on radar signal scattering properties. Thirdly, th

tolerance range of 2l 45based on previous soil dielectric properties investigations, sinc
the original IEM allows a function jump that leaddt¢ B. The mapping oflands spatial
distribution was provided based on the backward simulatidsirothe full range ofivy and

Gwv. Additionally, the correction owas provided, by taking into account destabilizing
effects of physical and chemical characteristics of the soil medium. For this purpose,
results of field, quassynchronous with S1 observations, measurements of agttgy &nd
temperatureTy) wereused.

Multispedral optical EO data in Visibl&lear Infrared (VNIR) and Thermal Infrared
(TIR) ranges were used in order to estimate;nIn the first estimation datfow,
PlanetScope PS2.SD (PS2.sB)at i al r ¢ ¥NdR dathd weee nise@to Icalate3
the Normalized Difference Vegetation Index (NDVI). After that. NDVI were usethfor
thermal emissivity ) estimation, separately for vegetated and-negetated surfaces, by
implementatiorof the ECOSTRESS spectral library.

In the second estiation dataflow, discrete integer¥Nrr) TIR data were processed.
In particular, Landsaf (L7) Enhanced Thematic Mapper Plus (ETM+), Lan@sét8)
Thermal Infrared Sensor (TIRS), and Earth Observing System (EOS) Moderate Resolu
Imaging Spectroradiometer (MODIS)ata with 60 m, 100 m and 100m spatial resolution
respectively, were used. FirstdNrr were converted to radiancé)(by using the
calibration coefficients. Secondlyhe ground radiancel() were estimated based on
atmosphdc correction.

As aresultly andLowere used to calculale lyy using the inver
for cgreye bodi es. Since t he -syactiranous a
observations (the difference is 4 hours approximatély)qs syvere scald in time to
temperature during the S1 observatidg) (

In order to take into account land topography effects on the radar signal backscatter
geometric land surface parameters were calculated. The resultant model of the optical
radar data fusiomcluded the radar signal local fluctuatiog$, the mutual orientation of

the relief element to th€-SAR (fp) and normalized terrai
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calculate the geometric parameters, a digital terrain elevatio@BED) Advanced Land
Observation Satellite (ALOS) Global Digital Surface Model (GDSM) 2080 were used.

In particular, g characterizes the land surface heterogeneity during the sens
observations at the incidence angle, and can be calculated (ysing and d. The fO
describes the mutual orientation of Be&SAR observation direction and the land surface
normal line, and calculated by using not only the relief slope and exposure, but also
sensor incidence and heading angles. The relief normalization was catrigdusing the
orthogonal concave of the sloping land surface for more accurate detection of the relief I
topographic low.

The parameters estimated by using-@&&Da (predictors) and results @ field
measurements (regressand) was usedWgk .estimaion based on multidimensional
regression analysis. The significant nonlinearity of the model was taken into account
empirically defined nonlinear transformations of initial regressors and their combinatior
As a result othe regression analysis, apiesentative statistical dependence betwéafn
and regressors {R= 0,87) were foud. The revealed magnitude errdRMSE = 36%,
MAE =2,9 9% are quite acceptable for the soil moisture quantitative monitoring. The
multidimensionallinearized regressiomodelwasused to build the soil moisture spatial
distributionmaps

Based on the results tiferegression model components informational valoalysis
by using Principal Component Analysis (PCA), it was reviled that six first principe
components prade the 90% ofthetotal information capacity. In general, the information
capacity between the regressors was evenly distributed: their informational value ran
from ~6,2 % to 16,5 %. The most meaningful components werge dbmbined withNy
(~16,5 %) andin combined withTg(~13,1 %).

Scientific novelty

Thefirst developedechnique for multispectral optical and double polarization rada
satellite data fusioror the land surface physical parameters, soil moisture especiall
estimation. Unlike existing approaches, the developed technique thisesomplex
linearized multidimensional regression model with absolute deviations minimizttesn,

original approach foihte land surface temperature estimation forsygmchronous radar and
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optical observations, and additionally relies on the radar signal local fluctuations and re
heterogeneity.

The first proposedthe linearized multidimensional regression model witsohlte
deviations minimization. Unlike existing models, the developed model relies on the numl
of physical parameters, e.g. backscattering coefficients, permittivity, roughness, land cc
temperature, vegetation cover parameters, and additional geopatameters, e.g. the
relief elevation, slope, aspect and orthogonal concave, radar signal local fluctuations
mutual orientation of the relief element to a sensor.

A well-known method for the land surface permittivity estimatioasimprovedby
using the dual polarization radar sensing based on the IEM calibrAtiditionally, the
model was improved bythe computer assisted soil roughness estimaglgorithm
implementationin addition the theoretical criteria for the function ruptureestdtonwere
proposed based on tl®il permittivity and roughness tolerance rangdse theoretical
criteria for the doublepolarization radar imagdstering werealso proposed based on the
permittivity and roughness tolerance rangelsich can identifthe modeldisruptioncases
beforeestimations

The welltknown method for the land surface temperature estimation, by using visib
near and ther mal i nfrared mul tiwvagmpowrd a l
In particular, the temperature tained remotelywas recalculated to a temperature at the
time of radar sensing.

Practical implications

Based on the results of the soil physical parameters measurement, the develc
technique provides a sufficient reliability{R 0,87) and magnituderrors (RMSE = 3,6%),
which are smallercompared to existing technique$he obtained accuracy allows
recommendingthe techniquefor applicationwithin the plain foreststeppe and steppe
physicgeographical conditions of Ukraine

Key words: EO-data, data fusion, regression analysis, physical parameters, s

moisture, backscattering coefficient, permittivity, land surface temperature
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(EuropearSpaceAgency ESA), totsL tetsB dzj dzz o Cop&@ugUgBRurnierdz’
al., 201§ . uwffsMmilsjtcjyJdedzy L L J dgdetse  dnafdab Acdz iz

stee' Isd dz@ odMmsl', o MjtjHde sk, 785 ¢
HtsL o sdzv *  ff totso Sddlsd] tdspds'ts thdz' H dz' 20-3 daddz'j & o O
Of OtcOls dS2A(Is@2B s M dzO M j dz' "Hydzsdydzd 3 B OGO

i dzj S stetsdzdzed i3 M| dzfftEtc O dgde Oy s & Is LO & dg
[ OH' Bd3jlsted yUdzO tefsL to' L dzjSafias fiplis® y@uEIszQ H IO to (sl

tetSL e’ L dg dedz” fplss 10, 2 0, ‘ 60 d& o Isted dzO}
SWI R, zZzOo jHjdd~ 9 IsOB . l . 1. 4lLandsat)j &g M O
ftesMisstetso © tetsL te' L dzj dedg’ MiIs' , d3j dzh d2 4 6" |

CROWNIR, o' HdzshdzO MY jSktcOd dz0 Yk ls &BRSRAIs
2027).

skl oW ftefidSiaEPS o MS ZOH O s MW L fteds
CubeSat3U, tetsL d3' totsdfd3l O [91d0el j3H0j dzd-B) d diote tsfigstalzy s
HiC' d CO jkOf' azdMBGHOP®O 4@ 18 ©sSk. skl
feh 1 jkdz LO GHdk Hsek, Wstdkzs yd ¢sd
M jCltcOd dzdn H' Of OL 5dz@/EH t5Bedzsh§ F & dZ OuWdz' o
fj emBlaz@e j Hj d2 o IsOBBSL cle.zl % . O g5 itz igdsimffo
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tc' Ldets® o' HdesMdatses MY j SclOsl@@! Gs© tWHIEdzd d . B
o' Hdzsmdze MY j ClstcOdz dzgk ybklsdzd o © MRS £ O dpd
HdMJtelsOyY' 2detse s HisMdz' H Y | dedzWPSASH §) ts tigg B OQlzts
vy fdzse ' [ @lOjdis . O dzd 1 ) Isj ff dztso s Bz
f smMlsOyos s Mwv e ddz6E ygd, L § '19d@&0 L OfNOBA Iz
(National Oceanicand AtmosphericAdministratio) , B dzOH dzOdzdr B OG
hj demtstctsd3z  Advanded Very-High-Resolution Radiometer . 1 © fn
WEdeC y' sdgz® fo6wlis! MmMefklsddSseodr MmMdmlsj d3,
Isj f dztso H O dz' L ftoomMssttso s -18k1 8" Usdp/Agbz't
wdzh d2 B OG Ols s j ASEERQAdarzefRpackhmdahastmlEmissionand
ReflectionRadiometey Mz zlsdzdStsos’™ MdMmisi BI-SEOB | § d
H' Of OL sdzOr 'L f totsis S Hos stc QaHs L dafs L i dozpdz iy Is
B ' (Abrams Hook 2004.

s C OB PEDIssMY J CIstcOdz dzd 2 M fMofelmteReswi@tion s
Imaging Spectroradiometér, o Mis Odzts 9 dzj dzd Perradz@quafiie| tntsly digf ¢
EOS 9 jH] L2BRCE o 36 MfjSltcOdz dzgdr H ' Of C
B'Is. wjtejH ddBdiz29df@dzOade Epf dztseo ™ ° dzW t
tetsL to' L dgj dedz' fpls 1000 d5. 1 OaHWECd BjLY jto] te
(2330 GWHO BlgHsdIsste" W 9 BB On LBded odHJ
B dz2' iZzdz, tsHddz tcOL . § PU EGESMODISF LB L PAz] deg -0 H IS

[ dzv COtelskzo Odzdzy Isj B J tcOlskzted L j dgdes’™ s
1Bls OGTINEZz {f zIs dzd € s oEDSM Ol ¢ grisigat7, Landsat8 , h ts tsH j t
HOdz! dz si3kz CdaW te Oy J too tsdats 3z H' Of Oudas dz'O dzdz
sf2lsdzdC s " ff divwelZEIKH MADIDLSY o' Miswils: COdz
M J SlstcOdzy dats’ h' dzt datsmyls® J dzj tec j Isd ydaets”’ w
H' Of OMOBI'202) . 1 tsBtcOy jdzdz?" L OmaBHWISI MW Bk 9
Levell and AtmosphereArchive and Distribution System Web Interface (LAADS)
(MODIS Products 2021 , f smlsOyos Is+ Mmw L ftoesMisstcts
wdzW e Oy tco tsdz L sBtcOy J dzdzw HYIEETMzIs dsd& SEBAIRE sfiy
HisMiIskz{ dz' 2 o' dz¢ ditsjdiiziAinifgsl GtistésGEologtabtSureey (B8SG
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(EarthExplorer 202) . wdzW tc Oy j tc o el 1GT ds'B He Off) jj diAdAs tc © E
fesmMisstecsolz tisL 6" L dzj dedz’ Mis+  6L@veldGST o O H H &iF kb
TRSI100 d3. v HBMd HYjddzZ odSttedMmisOdsts Isj
ftotso j Hj dedgw dzOL j dgded = o d d3' to¥ o G di7') U d L dechi’
My jStcOdz dzgz ykzlsdzde ® Mis! Isjff dzseoda * daW e Oy
s BOSMODI| £ QL0 dzts | dz@ . tdd ).

t OH' BdZEC OY" 2 d& iz § ¢ s fide 1S TrefLSARM)  fidsty Ld3e(ts B
1" By SdB3 O s sd3” yded i3 Y4 dzlsAstEun GmH- R B
LOf zh jded?2 15 yjtoadzw 2007 to. L CBfd3tsHte
fn s devw-m dlazr- tctstdaiZzlsz L ©o o dh € d 51 4s OBdz8' )l . ds@fdz
sfdzOh j dzd?2 t©OH' BdzcSObttesd 'L MddzsjL tse O
9odCdzzo Olsd ©OH  tdzsC Oy’ 2 dzkz L2BdBCE L 4 d3d
totsL to' L dzj dzdzAifiplssiTeam 20151 . o3y thizdf dzAFamBPEMX, L Of zh
21 yjteodz" 2010, ©BA&ZOHMOds ' HJjdidsdydztss Of
HisSL o tsdzW o fwooedz 2 5 to oditstcdMmisso zo Ols d
9jtlsdSCOdz dz¢ L 3" M jdedaw L J dzdes’ 1 Riaijetal 8918; L
Wessel2013.

10 2ME vwisdem' Ctsets AIGDSD (@desneead Larfg Otjskrigrded ¢
Satelite2) L H' 2fMmdzj des 24 Istc@oadzv 2014 to. L S
o MisOdzats 9 dzj dzts -R PhaseBAAdy &-BadRd Synthetic Aperture Radaj w ¢
LHOIdzd?2 L dzg 3OIsd dzj L Odzj y dets ¢ ' { tisfgds'H Isatf
H' Of OLtsdz (tetsB s wWw® 20 ALY AHPADALAS2Y sihigO YO
ftosMiststotso s  totsA ted3lLOdzd dizgdds )ls1 0 A 3, totso tSH'
SpotLigt, StripMapls ScanSAR ' Hf S OB dzB). ( . 1.

Il HOdtshilz HsMmdz HY jdedze' , oS BStedMmistsalzs Is! fr
Sentinell (S1) , s wodzwe Is! Mmtse st SiPAs G1B) Shurmeetts -
al.,201§ . s ¢ ttsL IsOM 59 Odfj derdaDs disda' d2' 2ts tdrps' disv' Y detsO
ftocso BHYIS!' SH RPAd@REHEOER/) OBts o fYwHe' 2dz 2 fts
VV/ VH) fteslsddzj ydes tsHddz 9o ' H dzts miezeromeiidaEe .
Swath (1 W), oHsQzF i tsthfiplBiap®dracsty sdz] @zdzxi®p Isi29). | .
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112vjnde ydzgd?2 sdf MefblsddSsesdn ftsHEC
f OOk ste’ o L j dgdes’ G0 toh dz

[ Bfpdz' HY J dedzy  te s iy dzd didesterstz C sty § to otz f tsfyls ©
L SdzH z 9 O dzdVIIRS{\isikzlg iefa@dImagingRadiometelSuite W o dzw & Is ¢
G izsB Odz' dzlz COtlskz 9 J ¢l] (e@ajatichdptteddts L' dzff p &Mz

tetsL t6° L dzj dedz’ Mlss 4 € d3.  Odzd?2 ftesHEZCIs fr
OCIsd o dztsls * Hamfjup ~Yifengs28219. 1(tecsH ZC s L H stes9\dIRS 6
VegettionHealthProducVVHP) * dzOBBtetsd3 h slsdy dzj oad= 6§

tc ts ) dzd dzdzts i IsVegetation€&ntitjoti@iex (VCI), TemperatureCondition Index
( T CIl YegemtnHealthindex(VHI) . 1 esmisstctso O totsL o L dzj
BdzdL ' Ctsdz@ LW VUIRS®R01G ( 1 OcOlsmMf jCistcOdz dz
fiocMststeso t5° tdvedium' Redpjutizozmbpisg Spectrometer (MERIS)
f smMlsOyoO" Glabds egetiign Index (MGVI) I&1@ction of Absorbed
Photosyntheticall\Active Radiation(FAPAR). A stcd3lz o Odzdz? f tctsHEZC Iskz
sdzse ' disHj &z ©GOH' Oy' 2 dzts ¢ Gobrpnetalj, 2@6H¢kbrodz” i
etal., 200 . ¢ dzetstcdlsda MEBRrktStal.TDAV EfGic o sH  Is! 5

LAl , FAPAR dO tfydsse ' ' dzo j tciPdzts 'Oydz 2zs s dzc
stod dzOH yvIsd thdatse dzdn MY j S Bawolreral.d2gd®. v Of OL
sz zlsded S s9° ftosHECIsd H dzw o do yd dzdaw

g2t zlsdzd ¢ sSBEOSMODBE segse d Gff jtcOIsdo dzts ff sfls O
L J dBddzts ™ ff 59 jldc cMI@ DéafRewl BmMelNRT) Htokz e 56 5 toleweldzw
2) 9Cdz¢ yO tetsL f sH ' dzd Is J Ldgid Sud&sTenpdraturell SR)dzts
s CiW' y' ‘dzskz Isj f dztsEmissivigy) , o dIf 5 ts dgZCdzElse O da
tesL o L dzj dedz’ Mls 1 S sted Miysd IF‘ Isd3jmysezL O
tetsL H' dz¢ dzigenasalizedsplit-g@@dowalgorithm) (MODIS Overview 202J).

¢ dzc ts toufISdk.and SurfaceTemperatureand Emissivity (LST&E) 1sO {f tots
VNP2 1 € tsd2gll€ctiphl (C1) totsL tetsB dzj dz' n 6 dzlp HEQRIS y
Collection 6 (C6) LST&E. [ dzv MmYNRR @G | daog'C sted Mistseo z° Is/ f
SHdtyOmdtsets tlsted 3Odzdzy s di3f J 6 Olskted SO ¢ 1
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My jSClstcOdz” dzgdr H' Of OLtsdz' ®© 14 (855 dazg) , 1
tesL to' 'L figly sdzdd/IRG 20d4%. (

sz Zlsdzd S s’ ftotsHizSISd HAV .9 duolndfzdsddrd Cottso
SMOS (Soil Moisture and Ocean Salinity) Bkd&zO L OfEMNj 2O o dz
5B ZOH d&2ZOdz0 d3' € toc s~ 9 JWRAS MfrdgvatehagingRagjiolétdsising
Aperture Synthesi} |, hts weo dzw* mMeetse YOMdodzd?2 HoC
tcOH' sdi3jIste o 3 € totsAdaid @Y Oa @Gtikdad 21, Afd)L.ts dp' O g
HsLotsdzv* COtelszoa Olsd o tsdztse ' Mils! ~“tlkzdzlskz, Mt
dz' sHEh IsOc J ®d " L dydz fOttOd3j sted, W<, dzOf tcd
L O teL dz' Mils / o' HMeMeckidDadzd®14;Kete, etdkls 2050. (

1 O 2h j dzO o dzdMmlssi OH " 2 0 SMAP(SEIlMbaisturpdfive Is d;
Passivg o Cdzt yO' t©cOH' BdzcC Ot I @POL tsdgj ISkC
L tsdzH z o Odzdzv oHf4 (WA . C Rlstssifls stetso O tetsL t6' L dzj dadk
My demMtste" @ o i3 Ctesnoaddz sotsdzgz H' Of OL sdz
9" Hf s " H dzts. S MA &8 "fdgiaejded@y O b L 'S H B 59 0
COH' BRSOy 2dsets (adMBCO oMttt O toisL
otsdzsetsmis® ~“tkdzalslkz) IsO wWOH' A3 Isted ydese s (
ftoesMisstctso O tisL to° L dzj dzdz’ fiyls + )ts Isfiidfdfttfiple jOQdsjdy JHdD"
Ttokzdasz L ftosMmissteso s sl o' L dzj dzdz -lBHzj @dz
ftosMmMiststetso s  totsL thliemnekyiatalz 200 4&0 Nel et &.43019.(

sz Zlsdzed S ts9° ftesHEZCIsd Hdzw o.douyj 2D 0 toip
Cemdz’ ydesets CtstceOB dzv B O G OfmtzeiSitutildsm sdztds S tdsthce
tcOHOtcdzglz ' dzlsj teW jtosdzj Istcdydze L 2tsRBECEZ o9 j ton
SIRC BAR ' toattfd®oOdkzO B@O2yJ ofmr IIsjtdlstst
10 tojLEzdz SOSE@RTIMEB&BOd) SBRAZO Mlse stej dz0 yc
BO2Jd 80% { tso j tBRutlERadpriogadraphyMiss@nz’' SRT M) * fd
HyGC dz Csn o jtem' whn: o jtejHds (ot w 1,
[ MsOlstsydz® o jtem' w fHtos2h d&zO HBHOISCBokz sBtE
sB' ‘' CIls" 9, W' dz bttOy' ¥ ToBB3ddt seodr L MO  th
4. SR o HCtedIlsd i3] .
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} te s H ASTER Global Digital Elevation Model (GDEM) tetsL tetsB dzj dzd
[ " dg MisjtemMsotsdy JSCtsdetsdz’ €d ° Iststce ' 9 dz cHrt
M deMtstce©® ASTERerrdnkz thig lsaigdscO 30 Bts ) dzd o ' dglsd
FLHtsey MB3zed ftetsdz slsk L O HBYIGSHR@RSESE HO S
Bdzdy dz sd3sz ' deW tcOyj tcosdesdzsz H ' Off OL tsdz' L to
ASTER GDEM d S stcd Missoa o OdzOMW ©Oo lssd3OIs d YASDERS B
hts dzOtcOrm iz Mylj,dd d3 2011 t BEZA&ZO MiEASTER o
GDEMVersion2 : HBHOdz dztseo ' MfMmyJ dgkramsblaplf 200e dzj dz'

ALOS Global Digital Surface Model (GDSM i Y J G dzsB Odz! dzd 2
Mlse tstcj dad 2 L L sBtoOY j dz' , L' BtoOdzd n LO Ht
Mmis J o] s PRISMEPanchromatidRemotesensinglinstrumentfor StereoMapping.
¢ ¢ j dzls fidpan tBerospace Exploration Agency ( J A X A) BJLGSNh Istso
GdzsB Odz' dzz ydWwtetseo bz dsHJ dz B Myd o sMmis' (
LHOIdz Mmiste BdzdL ' € (ADSAR2Q0)1 | B¢ dzH@ dad 26 f
sMmdzets o dzO B &itglds toAsfo [ts° ( 5" [SMgrRIBDIsTspographjcizalg” * ) ts
zO02B " &z h Itsydzddsd HOdzedd3d L eodmtsisd teg dz@ *° W

sz zlsdzed C s9° ftosHECIsd IsdfOo sy ARdetkz” H s
tetsL totsB dzj dets €' dzr € O { tctsH KEMalsakosetals, afLg. o uLj jtodgdzo
Global Historical LandCover Change &andUse Conversions (GLC), Globela30
(GLOB), CORINE Land Cover (CLC)s GGMES/Copernicus Initial Operation High
Resolution Layers (GIOS) | MmMjtej Hdz! sz, Issydz MIs8 9 % Ofdm
ftesMiststetse * 2 tBL0tc” d3,dz] dedes M ©dz' HMdS L 18 15 dzfz &5 O
L 4 d3dzd ~ f ezied so' dof. s tc d M Is O dzdzw H Odzd m ftosH zC
sBd3d N J dz . 1@QS ] B sMis@®ds s tisL t6' L dzj dzdz' |
2012, 2015 I€Congedldetlalg 20gs S ' pto( A3 Istsets, ff tetsH

fisC d@8CleGLOB, ~tsy®© °*° dOHO¥ s+ ' deW stedsOy' ¥
Motstej dz@ dzdh jJ Hd&zWw HJEC' dz¢ € tsn GEIB)Xs tcldag G DR
(Chen et al., 20179 . 10 ftslsde Ock ydd3 CifiCciss i2 € 13 &

sdeso dzs s s v . 1 oMt O tosL o' L daj dedz’ fls
& (L 1990 twsSk), 25 & (k2 §jt' SH (BiRdd 0
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al, 201. 1 jHBd St HOMSES ftosHECkE * Kj,0
sjtedlstte’ ¥ " didsjtejMkz HOdSEs fosjSlsk.

12.0dzOdz' L. MEyoOMmdedes "  HRtsH' ®© HB tByYd mdz]
fsCtcde' 8, L odSttedMmMlsOdzdz" i3 BOIj tc' Odz

[Mdetso dztss  j dzj SlstetsH d dzOd3' ydztss R OtOCIsj ted
Hdfls OdzawH " 2jddij, S IS to d y dzQ U=kl thigzd Vo' Cinls ' € tsd3tf dzj € f
Hi Evwed® yYyOfmlsddzd §sCOLE dzOwWoedz fls! HdfM
YUOMlsd dz® H ' j dzj § Is tEN], U dftsS o G Mats@zg@ dets fiflss dzw s L O
hogdHuC' Mis! fshdisj dzdzy S oddh S owL OdgOIs jLts

MjtejHseadh O wog dzw Mtse s tsdzOB dzj dzdz™
f 56 dzd dzOdzdzy Jj dzj tec' °, dzj 8B~ " HdzSG 5 H dasneat ts
al., 2007 . [ Jdzj Stedyde® ftetsdzd S dz' fls " 6 Iz dzls

H' jdzj Sstedyded d3d o dzOMmisdoe sMmlsw ddd "~ = ME dzOH 5
tcj] ZOCMOY' 2dzeddizdd o dzOfmisdo sMmisw dzd . [ s thdats
fso' stew, d@dd' s “"twtkkdklskz (Sfaddy,. OOz s o'
9 tOLdzd rdzitalegzdzvg 9 O SO " dz., 2006; 1 twighC

yiklsdzde " Mis! MdedzOdz' 9 L otstetslsdegsets oL i)' !
Of jcskztetss (ta¢) o' H ' HMisddzOr ys'™ o jton
f OH' dzdz¥ taOH I SRl BPd(JBAOA) , tjLEzd SO
B' dz: " Is®abded tYdby, 1986) ftotslsy , w¢ fteOo ddzts,
L 20Oy JEamizftc O Is! L dz@ydes B Sip» Edafsdzdzy C O 5°
tetsL to' L dzfStguhenfgtisal., 2010) 1 O9 ' Is¢ ZO 9" HC todls d.
Hi d3dsdzmistclz b Is f sd3 Isdetsd vgj te jdzz  LyHzbsteld dzdzvn,ls + w
h stemisC ' Mis! { tod tqerhdegelal.,P0d6) j toAvtsddz] © d L dzO Y j dz
TtkdasOR, Ctdlsdnr totsfrydzd dadz tifsdzj, o t5'j & tiscs®
L L df, dztsis ©dzj  Ols 9" H ftod tctsH dzed r o &zOMmls d
oqdteOY O Is: mMw o fjtejh CtsHY Odadz ftotsa tSH Y j dad
9 ' H B (Coetal., 2010;Wagneretal., 2007).
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gjtejH W' Ldydedr - Ot OCd) teH] Mjsdf S IS taafngris |
B tess oY fiifdztOls dz' Mis! Is O [IQCdisfd)taifdol, tc O sp dZBts
L stelz jdzj Slstetsn ' o3 ydetse s OdzOdz' L 2 “tolkzdzls' o
o' dz dz{ z B, [ o " @ dzls g 0Ci3dpyd figdsQety * ¢ 8 fr
BZOs Is! o dMsC iz fteso ' Hdz Mmiss | Is 5 3z Zweo dzO
ftosded S desfls® BEA&ZO B o dh ¥ , N Sraprévdsietal, 195 B
LWodzO yYyoOMmlsddz® H' jdzj Slstcd ydes'™ ftoesded S Wg®Mmis'
B Ctesnoddzr dedyuyd 10 L4y, bsH' w¢ tj Od
Yyklsdzdo © Hts Mdsdatshls' dzO0 y Obpbserist@lh 19850 M s s
ftcOoddzts, ' Hoadhjdedg" Mmdzsdshls' LB d hk
Msdzsd mie'dh 2° f taseetal, 8907ils!

l HBMdz HYy jdzdz" = L Odzj ydesfls® H® jJdzj Clsted yc
f5COLOdets, hts Ldedyd dede Isj o3 j cOlsUtcd tsagj +ojd
Isj B j teOlskztedzedn L Odzj y dztsMmisd 2 Hdz!j tsizg & IS'tc  cyddzfsdz
mMrty Ml fjijthdr Hota L Odzj ydesflsj 2 : OB Mts
f' ' Mk o BdOMI' ddL! $drn Isj BfjtcOlskzte B dzd
dz! tsHIz; 'hn Isj B jteOlskztedzd?2 " H tHAOS tcHhE,
ZzO02B' dz2 h R OwKOCIsjtodzsets L 3" dagd H "' jdzj Clsted yd
Bkzlsd fteo' wL Ods "L L Od3d (tex OMgzsizlr @Ff tsootOy, P d2idH I«
H jdzj Slstedydes’ fetsdedCdesfils® cedzdded o  H Isj «
Iszls Edats’'C SBRzdtseo dzj dzd 2 L O3 toL IO figz SodsMH,d

2003.
I HdMmjtlOoy' 2dsdkz Hshd HyYyjdd , (ud Bt
psdsesmls' . uf' W' Ldyude §OwOdkjlkted §td?2d

©COH' BdECOY' 2dses Mdc dzo dk .

121f sHj dz' wsL M’ 8 9 Odzgdz?y t©60OH' B OY' 2 dtsG

wilststed ydzts &BsHj &z odL dzOyj dedz? o tsdztse tsfyls
ftotsfls* h* dBsHjd Lotk ttsL ]’ Wdzdzw
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f sH' dzw e Iss fmpw &zO Isted COIjetselsO : W sgsElcts § q
(Hajnseketal., 2001;Loewet al., 2004.

[ &3 ° tod ydg' OLdpgsHis) diijv dzO j 3 ° ted ydzs o fls Odats:
tesL M ¥ 0 Odzdz? Is O {(BegldagietlalicZD B ribi etcallz, @4 ¥, Verhoest
etal.,2016) 1 j teHHOdFEAH BtsH jdzj 2 fodzvecOsls: bk ftots
MC zOHdzdr BsHjdzj 2 tetsL M’ & 9 Odzdzw . [ s dzj HEBS
Mm¢ dzOH dz2' Mmis! oS BtedmMisOdzdzy Blsted d@3Odzd~ 9 H dz
Iz &35 o RdEengfisetal.,2007) . v OC d €3° ™ detlel gydzdzy BZOE Is! B Iz
tc' Ldzdr " tokzdzlstsodems Lkdste HdAdzw Cydsets ML
tsB d3J X Jagdlubef2012).

100" o j B ' tod wpde ¢ stlRERIgED 28 I tej L zdz IsOIsc
d $MY J tod d34 dzls ©Odz! dzd ~ H Odzd m H dzw sils tc d d30 dzdzW
(Babaeianet al., 2019;Baghdadiet al., 2015) [ tSH j dz Yy! sets sk
w ¢ d ets H ObAOh etal., 1992;0h, 2009 Is ®ubois (Duboiset al., 1995 Parkand
Moon, 2007) , By zlsH Blzlsd o' HCOdz' Btetso Odz
mMizy zlsdzd ¢ séCHoReretaQ 22473 1 j 6 9 Oc s SOCdnm dBSH

B'dz N LOcOdz dgddsd, OHYj ' HEBtwE [s! fpw

tesLtesBdzj d2 . Aj HBLoatdzv' odCtstcdmlstyotz oyC
sBdHO O ° dgj Ct5G j toj dzlsdzd d3sd Phits H ff OzW d3dets y o dslz
sjtedlstste” ’ HsMdz' Hy jdadzw . 1 " Hf ts9o " Hdzts, ) SH(

HjfsdwiedL Oy' Jagdhiutete®iB.C smls' (

AN LdgGtste] Isd ydz' |l i3y jrdz d3tsH j dzv m 6 j sd3j Istet W
f OtcOdR] stedL 2° Is+ Mus,C M@ OO dz' B qdzO0 s totsL
shdztse *  § dzj ¢ Is tc sUigbyetdd., 1982 sanglstgl.=2@00 . (1 j dzd ¢ &z
Isjstejlsdydzgdr dBBHjdzj 2 teL M 8 9 0Odedzg" L Ofmdatso
vy kStrattonChulntegralEquation) ff dzdmC st "o ddzj¥ SO f ted B O
L ts d&frattén 1941;Ishimary 1993 . [ M¢ " dz? € d dzgj ' Mmdez’ oW
h stefmis ¢ d n fse j ton Sdz , L OMmlstsmtso z6 Is+ Mmw da(
Hsf EMisddddr L dzOyj dz@ € sy des’ "ZHSG dB ts td disy)CBdgic
9 Jtelsd CHAhdXs fifls € " Mis! .s4lg@d jsdzd WOy dzdas mls €
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Blzlsd OftesCMddise Odz' Cdl Olsj dzOy' * ¢ HBIsdyd
s ' o~ GBBAKI@ANSpIzzichino, 1963; Ulabgtal., 1982;Jagdhubeyr2012.

v OB dzd yw
r* o oOoLtsdzd HsfkzMisddiade L dzOyj dz@ Isj tstej Isdn
Hdzw 9 ' H ¢ tcd I$Uaby efaltgli®@8%lslajrsekand Cloude 2003;Fung, 1994;

Voronovich1999

[ BH j dz l jtelsdS 0O | stedL Bdzll " jdzd §Is
tetsL ' ¥ g h stcfls € h stemisC | ff totsded & dz

SPM $1<0.3 sv>v2/ 0 .s3 i

PO S < 1/(42) Lsy Sy =442 Ls; |

SSA sy=sin() sk | sy=sini(J) sk i

GO >6, .

s4 >10/(2c0s(7)) Izivz_?& 5 |
IEM s4<1.2\/e sy~ sy<l.2/e; sy | U=¢ L/1.44
Ctedljtc' 2 L OMsishies dimi® WopkeCjylz'w Cttej dzv y*

10 o' HABB dzz o " H -pisthtcpld ugder , A3t H | 28 tsdz] o
H dzw C 5y dats’ sCtcj digts”’ Is(Kitm,d Mdhanty * 2018) s iz" Hdg
odStstcdmlstsolz® Is+ Mmw cZtsH J dz! Lo BtleSlsdzse s o1
sMhdetse ' By’ yYyoOomistslsd (o, SCkEZO o' L ko
i tcts dzd & (@tsHajls et al., 2017) [ sHj d&z " dzls § ¢ tcleMz(Inagral s
EquationModel) (Fung, 1994) dz02B "' dz' " yOmlts odStstcd Mmists
HdzW " dgo J tlclskzo Odzdz? t©©OH' SdzsC Oy’ 2dese s fd ¢ dz
” te z ¢@susbihet al.,2019; Zribi et al., 2019; Baghdadiet al., 2019; Baghdadi et al.,
2018).

[SHjdz | EM dzgj sHdzStcOL sots Blzdzs ff jtej o to,
dzOB st Ols 5 tc dzd(Asiehzedztmlo, AB97; Macelloni et al., 2000) Odzj ,
Ctolf dzsBBOMh sOBdzd - HBMdz HY j dzdzv =, tsistcd d30O dzd
(Gorrab et al., 2015; Panciaetal.,2014) h 5 o9 dtcO) O° Is: Mw o L daC
@BsHJ dz! ded i3d O J ¢ MY J w(Hl ddg)disal 291 Qzd d3dO dal O dadsds
fsodwLOdz , o BGMmdztso detsdzlz, L HJMlsOB' dz' L Iz
By k! BRI ENhiZzdial ddOdY oG dgfo dcYsdaBdzts € Oo
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(Baghdadiet al.,2016) s Odz' Btclzo Odzgdz?y f sdzvW c O 9o L dg' dz
slstcd BOdese s L O tojLEzdz OISO dzOL j Bdedr o d
odL dzOyjddd LO Isdftsd Lj kds'{ athta jdebid deddy O
2017)

I j " tedydz 2 di3sH WEM (Watesr €lsudzidddel,)~(Aema dand
Ulaby, 1978 ttsdzd dzdz®@ MS ZOHBoa O o dSBtedMlsOdzO H
MftsmMisjtcj ko Odesets fd e dzO dzlz . i 5mdzd dzdz@2z0 M 1
9dC sted MDVHzdzY dgzH j S &8 Hdzw Yy daS d o3 Mk
FAPAR Baghdadi et al., 2017. 1 O6 Odz' dzd 2 L o stotsls dzd 2
odteOy O s Mw E Mftsh jd' 2 Wtk , W dOftc
tesL M ¥ o@zdg" tcdzgEdts h Otclz dz' Msetsegts dz@e ' Mk |
[MC " dzr ©d dz' WadMadzfs?y jdz@az'lsfif Hf to ] HMisOo dzj dzd 2 s+
totsfdzd dedzd iz OO stcOBRI, otsdzO® Bsyj BlEIS
WL dydzed n o @E&CHajisedfah, BGG&Rak2019.

) s Hj-Wentf jtcj HBOYO' Is! Mw hts of dzde tofs
fitein"  Hddr CSEISOB@ ., L ZoOfiddzve " Hic' L dgv * Is+ )
T llzdzls On . cChs OS2 (jtojBLmddy?2 z&tkds o '
L dZO2Hjdzd?2 dzgO BRj dz"dr S ElsOn dNaamet@lQ2BAgy dz'

1.22f jIstsHd BBYydMmozj dzdzg" W' L dydedns ¢ OteOd3j Is

[sHjd tBYdMdj ddzv Isj BY j. 6O 8 YHfgdzj dzgzeizdzts j
L 4 d3dats”’ i T )y talptsdy dzO( L H ° 2 ) &Gddedhant=bMetisor) (RBEM) |
(Jim&ezMufoz et al., 2009, hts wo dzw’ mMtsB 58 ftewadzsd?2
h ' dzt dztsils” J dgd tec j Isdydats”’ wiCtcOo tsls’ dzO
M j SstcOdz! dztsG s C OdzO dzlz ) HEoGtsmoddz s tsd
5B j todzj dedz” W t5 (ORI BPItZC O] ¢ A 1 (1. 1

LeL(M)- L' - (1- e)Llt o
TS:BléI(I) i ( I)lll\.l’
é et ¥

(1.1)
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HYT, T Isj &3 j tcOlskzte® L jBRidztsB j tfdsjodp@s n Wafs to IHTRO |
M jSlteOdz dzO h ' dzr dz' Mls! ‘jdslaj toie j Ostg@uitifsgz'S JovidiX
h' dz dg' fyls- jdzj tee jIsd ydzts’ wiCteOo sfls' o d fi
O oW BS & f-ghtzh it O DI hde'j S steOdz! dz@ h ' dz' dg'
wiCteOosMls' dedL R’ HdzsEts o dff toisds dz¥ o Odadeizz O
H' Of Ot, B dp'ts5dz0dz! dzgd?2 S W' y' ' debs b ta s ik  Ogic
sjfdzsotsets odftotsdy dz o @gladzv ' LOjfdDdztss’dz' f 59 j to R C

VL OGOz dzj dzd 2 Bj IstsH  oFdillwith® afhaltreimuln(F\BIV) tc C
1.21.4) 9o9Cd&zs yo* o© MiBj o' HtsdR L dzOyJ dadzv
sdmMSk o tsHIM@BZMUTHZRtald 2009:

T=de WL () +u, +u,|+d (12)
& B A1

g- fquTg’,’ LT (13)
r én V7

d=-g,(T)+T, (1.4)

Ml T i tiHd  HGeoF GkA OReidtl 9 150 4SIAY ¢ @)e A d
=14387, Tu,&S BAQIs BsMmW jtedzs' CtsjW' y' ‘ dzesd, hts
CoOHtOIsdyds L Odzjydesfmls' o' H IsdMSEk o BHWdzt

Sste' &3 stsets, odL dzgOyJ dzdew Isj &3 J cOlslzted L j
CdzomdWw " Coy" L j d3dzts”’ ftso jton dzg' Is © fmls e
o df taisdR'Odadzy © H' Of OL tsdzg'-1 29, g3 todgCdzls das o OdiAAY tc
o' Ldzedr Hotftesd3jdzgjodm WEDR Yy 2 9"  HBdO Odz
CJ W' y' ‘" dzZsoOodzd, hts L Odzj % Ols! " H Isdfkz L
9 HBdIslsw IO Ctsj#{fjfctsdglsdet & Q tedets p is 8 BLJQ AHFONC
hdzw s tsds OHOf IsOy' * t dzl g0 eztsdzis & Ol P&, k2 ARk, Sy diek
etal., 199§.
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] " HESdBS ' HE HTeh B L6 Y§5dE ddeOy zd o £ o5 d

" SedBOy' S (ehte@geEBBlsdsjttdkst (o dfMt
Is . Waloy, Caselles 1999 . [ dzw f sdzj ¢n j dzdgw L OfMmists
LH" 2fMdzs “ Iss mMw twH Htedflzhjdz : fseojtmdv M

tesmdzd dzdztse s f sCtedo lz; ¢ tsdyv "day ‘o' Oddsizv Is jdifsdrtsiatt
dz' dz' 2 dztse L Odzj ydz Mls¥ o' H MfJjCltceOdz detsG s
Isd f dzsotse s o dftetsdy dzt 9 Odgdz? dz' dz' 2dz5 ' Ho(
(Sobring Raissouni200Q . [IsyJ, HOdzd2 " Hma HEBJ &zt yO
sjf dzsotsets o df tetsd3y’ dzt o Odadaw Hdzw o' HCted Istsc

tshddddg s ' L& "Ods kO &0 osdwOL (1.
A'e'NV¢NVO- a+br g,
& =1 N, <N, <N, - gP +g1- R +Dg, (1.5)

FNy 2N, - g, +Dg,

Hj aStdfhsOdidsd, Mt lstedBzs s v gad tfs st O
9" HBdIskw Bk yYJjNgioNDWEIBEN, @ dx®@dc so j L dzOyj dzdz’
BOC fd B3O dz' dzts BIDVI H dz® y p dzaz€ to d Blfsicltss € etalsjz , L dz0
o' HY S’ d20tE0dz! dzts GZINDVL darwy j dedzdn dze] dgglists] W ° y '
sjtf dzsotsets odf tetsdy’ dz¥ o O dadaw 9 ' HCtedlstsets ~
tots fi) dzd dz@e ifHlsH, OlsC 590 O 56O C O, s odL BgOYO
ftesjSkdodzai fcCtedlslsw tosfydd dgdetsmls’ (1. 7)

N = (r780860dzd3- r

=
(/’ 780 860dzd3+ r

Hdswoe7ode I W Yy " dzls " HBdIslsw 9o yd tc9)isedas dilz:
Csgw' y' "dzls 9" HBdIslsw o Bdzdy dz' sdzz ' daW tc Oy

590- 670dzcg (1 ) 6)

)
590 670dz.cg

N

Qo

- N,
- N,

\Y

PV:

ofelell

, (1.7)

<

2

44



stc' @3 IstsG s, " idzlz oJdzdc O 5 dzvw " fMlsH 5L
SHdsyOmMdzts odL dzOydlilsd w¢ tLftsH dz S5 W "
fseo jtornttdy IsO¢C ' IsjdBf jtcOikztel 'L Old@tsmW jt
OB ts h dewdgjtd j dzdzv  § ° dz S tsMls” dzj o HBRRJ R &
f OtcOd3j sted o jtemndz , OBt hdzwatsd3 LB dz M jc
HsfQw ¢ Olsd mw , Oy tod € dzOH , BOGCOIteOL soadd3 L
fsojtrndz , OBB OEZ Yl tedztziz" dziSmRdviCleal. REEGOY "
[ SH ] dZ sByYd mdzj dzdzv . pip'dalzE & MisbB 0~ dedztslald) o o
Ttekdzlst 9 Y tsHdz ‘¢ L dzO2B" dzrh 9 Oydkdoedr L C
(United Nations 2006)Is© L H ' 2fMdg¥ " Is* mMw L d3j Istss LOf &
s z2Mmlsj dz¢ 9 Odzdz® |, LOBJ LY J Yy dzolzv § tc 5 H HUnibedt’ u
Nations 2017;Kostyuchenketal., 2015) 1 02B "' dz2 h jJ W j ClIlsd o dzd o3
Yy' st L O9 HOdzdzw OCIsdodzi L tsdeH g Odilz€ 59 I
2003) | JftsMisstetse” HOdZ , SddkOdz L O HESHY
(ted) dzOHOBIs! " deW B3Oy’ ¥ difdtc to tsdusts fitsldntdsts ts ols
hdzw ntsds ' dzo J telslkzo Odzdz?y o dd3 W deseG s L o Stetsis d
"L d ydzd - (Aubgrtist i.42018 Chokeretal., 2017)

1 “HAa' H, hts HBLoBAdY g d e o ©fg dits 99 5 d
Odzj x detfiyif L FtcOR zo OdzdzY o3 'y’ ddsS @30 dzO &zt e 0 &
o' Lizoi@dedz" 1 © BMdeseo® ydr Ckls' o odL dz®y Qs Asd
BsHjdzr &y Bkid 9 d¢ ttcd fnB@bddadietaldZ2000% * s d@d -
odedzvH (1. 8):

==

-

és (‘]min)(’j
WtsB u: a ‘S;)(‘]minG B‘Aﬁax)-i- b%g-'-g’ (18)

HbiSsjW y'  dzs Lottilsdtse s toisliffzidso O dzdiis OO
biCsjW ' y “daisd, "t thteddzels! v L GWisl)L, & d
CjW' y thEdBzis: v L O ©jiLEzd ksOMMOML] tj ot
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rdv wsByYdmdzj dzdz? otdscesimls' L odCstedmls:
odistcdMmlsso zo Olst 9 i3Y e udetlzy HMdz' HY j dedg?
BOlj BOIsdyde odOLd yYds o' Hdsh jd@ Hdzv
f s dzv te diL(@megtal2 2002:0h., 1999):

& 20,53% g

p,, = >t =él- 2299 ey, (1.9)
Sw @8 G¢P -~ g

Duross = 1. =0,2 Q(l- e‘se), (1.10)

W
H PcolS Porossi ® ° H des N H dizitzy ff OteOdzj dz dzd = IsO  ff (rite v t6 4
S@VISHE W' Uy' * disd L ot te BHs HMES@ fiassipving oL oGOz

sez% i dzste BOd L 50 @dz@:%sg@%ms@; fhisy, ‘ dls o' HBC
|
Aoj dzj v o' WO dit't) Qd 2O YOMisd O iy

ftosdzd § dzsfls © .

[ dzZv o tcORlzo Odadzy J W j ¢<4ix 7@, IplstOts o O 18 Szt o0tz Al
o dtcOy j dAolsWj W joid 2 BO* opfEdz@BLg @' 14§ ¢ &z2OHE
OhwtsB ydfdzs “ Is! Mw L O (1. 13):

Peo =1- %{go’w%me""‘“sdl"‘, (1.11)
¢90+
Deoee = 0.25,/G (01 +sins001- g t+2e0)s ), (1.12)
S,y =01, cos”J(l- e 0*32591'8), (1.13)
HJTSEI o' WgiooGsddate'c,” Mis! ~ tlkzdzskz.

[MS' &z € ©OH' kEf) Cttej dMd’ EEYYs Ee®Gdyt
o dMEC s Issyds Misy, ®wsHjd Blkds oHEBME Bd&OC
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P,.. =0,0950,13+sin15J)"“1- e ¥+°° (1.14)

I BSDYbds G ls Gweo o0y j d2 yjtejL WkdSy' ¢
YoMstsls®, Ckls o' LkoOddzh 5O 1 OiOHR] jsdeiS Iste
fesddSd Mis' O hswhss' Mls! ~“wkdkk. [ Ols,
BsHj dzj 2 &GO -1.a6Rubpisetal.(2009:1 5

15
S, =102 C?is 10P9%% ¥ (s, Ging ) /°7, (1.15)
Sin
s,y =102% %10“0“6@ (s, Ging /%7, (1.16)
Sin

HlDio HdzsfMdzO W' jdzj Slsted ydz® § tetsded S dz' fls ! .

vOCtsy o' Hisdits 9 H s Dlbdsddgdsdajjddlz -. LA B h s
otcOrlzoOsd jWJjCIlsd { jBaghBadigtd) &y (1iA&d):tcdL Oy

S,y =107 cos 2271 QP O0FIM g O80T (1.17)

e

S,y =102 cosy 00 PO g O4dnT (1.18)

e

10 BMmdtse 9dStsted MisOdedz s Isd yded - HOd
sBydmdzj dzgd?2 L o dStstod MilsOdadzy d3 tsNDH Npdadilized iy
Differencelnfraredindex), SRWI (SimpleRatioWaterindeX), LWCI (Leaf WaterContent
Index) Is © ‘HallisHfyet al(, 1983; ZarceTejadaet al., 2003 . vdd3 dz
tcjLizdz sOIsd fsffjtejHdzs » HEMd HY j d& HJ 3 dz
otz s A3 Mistsds ~ tolz dals zts tidf @sdy'IsL ted @ dRtS dsts Y (s H
(NormalizedWaterindex) (1.19) ¢ 0O~ Oy* €2, 2006

NWI — (rred - rSWIR) , (119)
(rred + rSWIR)

47



widze® " HR " H, Mt HtSL 8 t5dWEYo&td LVdz@aEdyls f ¢
o Jjwh iz dOs da Pidadzdzy | Odzz yJ dzdzv Isj a3t § 6 OIs
Istsydz' Mmis+ 1§ ssSukChiudnzd@2pU90 O o JteOL BAE O @ g ‘dW
dlsOdzC J 9 gy, 2007

~

W, (NWIT, )= A |n‘:3‘£'\'\’TVI *1iges, (1.20)
(; -

sB Y

HiAS B8 CodeflsOdalsd, wEC° 1 W' Ldudedn & ©CkoC

1_
A= ZBT - (1.21)
In% +18
C 'tsBmi -
HT.,.0 B d2 BOd dzts By zdo © ©OH' Oy 2 dz0 ks

My smisj ted 34 dada" .

l sdzsetso 3’ Mils ~“wkdzlsk SOCtsYy disyj BEISd B
L sSBtcOPMBE | dzv y! sets BO' BlEIsd s eDY@iffedenodzts
Index), NDI (NormalizedDifferencelndex) B RatiolndeX) . 1 02 fnd dz! dzg' h |
otsdzse ' Miss MftsMmisjtc’' NGB fHytcHkdY Coaelzd®yY'
Zse Oted W di3° o MY j ¢ Is w(@jde) tg/E)) NING, K s s 5w " ( ldzls
-3z MY § ¢ St Odz! damngéeretal, Q0P L sdz'  (

123f JIssHd Ctsi3fdzj § Mizo Odzdz?y H Odzd -

{jOd Lo Od kyd Mls: odL dzOyj dzdz? %' L d

dzOL j dzdzd ~ odd3 tos 9 Odz i ted L BJtedyJ dedz

ftesMiststeso t5° tetsL t6' L dzj dzdztsmls * d3tsy dzd o 5 dzd
zOf to iCslf@sHd ydzd » s © tcHWdcalzdet HOIdzd,~ 2021 ; 17/
H Odzd 2 d3ts d34 dzls Yd ‘ smhdzseo dzd d3 te' h j dzdav O3

HdMisOdzy’ 2 dad ) fdassfiplsly’ € jsypd dzls ©. ( " ldde d PP
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Mz kzlsdzd S s9 d ~ HOdzd Anf tc ¢ Bz 2] € Migw O diBv ' dzls
ssted B3Oz L to' Ldzddzd f esmisstesoaddidd IsO MY j ¢
slsted 3OIsd B dz2 " HJjIOdz dzgz ' dgW stedzOy' ¢ f tots
tc' o dzj O3, Ci3f dzj ¢ Mz o O dzdzw LH" 2fod ' 5§ MT Mg
tc" 9o jde ), ' odz tsBPOh], VakGermderdn®™®98c‘ o dz' to' h j dz
1" Mg dz¢ dzd 2 tc’ 9 j dz Csi3f dzj € Mz o Odadew g dJ
' HMEk B3t o(ldal, Qluedz2001l) o jtcjH dBjIstsH 9 CdiYf dzj ¢
' odz ' MdDimdaso @dz WA of tod dzy d 42" d3qiH st GRS tc
Schmidt transforn) , LCte] d@3O C tsdz' tc dztedsy-husatmdyidats tc k& C
C izt o dzd » P@Adplinsipajicaziponentanalysi3 . 5 dBjIstsH' 9
zO thdtse ' migtslatioArsaegtechniqgey o " Hdesmw iIs: Mw  d3g
Cdzlsd dzind o detsfls T dzOFIMY 8peztthing Filkedbaded bter@ity Modulation)
sO ftesmisstesoad?2 W' dz' Istc-passispaBd fifel) ZhayBaddsls HF
10 t' adzg BB' ‘' Cls' o O df s fij oo Oddelzs * 1 i tés it
TodH" ' dzj dgdgv tsBO' CIs' 9 O L tsBteOY jdzgdzv n, WC

& d2 0, kjChlskttd R"OwOSkjtdmisdSd. A'
fs' Hdgks Is' v HdY fsHOd hs' etEHCElspBR
Ctsdf dzj Cfzo Odzdz *° ' ©OdB HO [ Of ZOMO, Ccto

f tosmis w@Edstsls dz0 W ° dz' IsttejOay 1&ve tdstdd)j dadg"?.0 dgjastf tc d ¢
HdMGCte] sdzse 5 5B jftg drjjdstodsts j algd2v e digsls) dzd 9 5 ¢ 5 &
IsBteOY j dedz? L to' L dats® ff tots AYmmmasdint2020tetsL to' L dz

1 0 t' 9dg ftod22dgw Islsw te' h j dz ' HBEZzo O [
L 5B tcOy J d& Hdzw o dIlswGdz dedlzv dzf 5B~ " H S’ Cod
ZLGeBHYy S Is! MW d3' ¥ fpsedsGd3d.O ufQ SejdzdSdisfd3ffdajct M
HSE CtsdiB’ dzgz o Odzdzy L tsefm' d3 to' L deste” Hdzgd - H Odz
L OMssMtse z¥ Is Blzdzj o * |, Odzé j Bt O’ ydz OB s M
o' tetse ' HdzsMiIs' , B YdMmdzjzdeg'W j uc@® o lgf fitdtd3d‘ sdzj rud &
Is ts h Heidelk{ang, Shokouhi, 2016; Du et al., 2D13

1 dzt bt s Mz yOmdzed - 3 ssH " ® Ctsd3f dzj ¢
' CMmJj dz¢ ded Zhang 2G1Q dzr ftelsj o IsOCdr MSE &zOH dac
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W' Lduydedr f OtcOd3jdsds’ ;0 Hgyides dztdlf sLo@fids smsoe zo
smhdzts o Odz dz0 MmO d3j AllahwanQind2020). ditsH j dzv - (

13) sMlsOdetso C O L Oo HOdzgdz" HBMdz' HY J dada

v HOdz 2 tcsB tsSls ' ftod Codifdzj € Mizo Odzdz
nOtcOCIs] BhdhisdU@zd?2  OtOd] Iste WL j B OHF tso Pt
' HSBWGO)Y jdzdgW d3 L OSCtsdgz tesSL fSH dZE wEB™
o MisOdztse dzj dedzy ° ° oG dz' &OValals”  ws@dz'dzC & d 9 YO
sBttsBdzV s Is: Mw wWC 97" H MisOIlsd Mis d ydz L &3
BOIs j i30Is d y dzts (Liu ftlal Q20 20fPlsng et af.,2020; Zhanget al., 2010) U ts d:
oddzd C O L OHOYoO BOC Md 30 dz! dats odCtsted Mistse
o dzOMIsd o smis* HEMdz" HY ko Odzets™ odf OHGCSOS 9
Hdzw tsByYydmdzj dedg?y Elstsydzeli dzgdr Gy’ des¢ § OO
BOIsj to' Odzz tBBiflgjclz]. dztoe@E ¥ ¢ toj L zdzr IsOIsd H O
L OMlssMtso Odz" dzgj Is' dz2 € Hdzv " Hodh j dadaw
MC zOHdzdm " deW sted3Oy' 2 dzd = MdMmlsj 3OR, Odzj

odtc" "o Olsd L OH Oykdz®lis jLdfds@ dy’ dzzd (Kedsglin @tdd] fnd
2017)

1 sMls@odzj dzO © HtsMdz' HY j dadz B IsO " Hod
f OtcOd3j Iste” 9 L J d3dats’ ftso jtcn dz 9d BZ3Oc O 9 o C
of dzdo O Is! dzO L Ot ' Mistetso Odz' tc QH 'Istdzcls ' ts?
BBj ssHdC d, LO HBftd@sess W’ Y u d dedzd &
sBtcB JHtctsOdzOdz' L zo Olsd SO ' dzlsjctelzo Olsd o
fslstc’ Bdets o dYBMEEG o dzd L &2@ [ Sstinada] A ¥ 1 @zday O dz'tc (

DB dlsd sedzvH IsO fiesO0OdkOdz' L o Olsd HBMISk
SO dzi sBRr' ' Hdzdr HBYSAB yddms HOdd~ MJtej Hdz t
sy zdosMmils’ IsO B3y 3 J dedew, tetsL cdzv dzzlsd dzOW
A BMdzts o

2Q)f cs@dzOlzo Olsd MEzyoOmdze HdMisOdzy' 2 dz2' 3 Ist
LjdBdes™ oo jterndg, O IsOCtsy o' HSR &BJIstsHd
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)y sBtOIsd W' Ldydze BsH| dz sO totLtesBdIlsd
odL dzOyj dedz? W' L duydedr  Otc Gid3 jsleins CoO YL 2 BadtsEd
HdMIsOdzey" 2 ded i3d HOded 3 ; thMselz EZoOck JtedH’
otz tsmls® ~tekzdalskz;

HLojMmisd tSHjtey Ode dBHjdEZ' SO tetsL tetsB dzj dz
s dzj S Mkzo Odzdz" tCOH ' Bdzts$ Os'odRd ~H OlsiD - s tH lskafr
"Lduydedn f OttOd3jIste’ & L j Bdzts® s jtenm dz ;

54 M jtedd3j delsOdz! dets f jtej o todlsd tofsL tctsBC
LOo " cCtsoadnm HOdrR, &=QX@de®Wd ytwdzd - dzded ¢ W ‘Si0zp!
sy ¢ d HBMistse ' todzsfyls alsOdztdsesafigliss ) ls™ tc o dfls zO

6)dzOH Ol tjSCtsd3j dzHOY' ° N BHEs sy dzdo sflsj
tcsL tesBdzj dzts’™ 3 ssHJC(J.

N

==
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AHani3 nomepeIHix JoCIiTKeHD

Moge.i po3ciropaHHA MeToan BpaxyBamHS MeToan . MeToan
N .o o+ Boine Bnne dizako- .
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|, =a,s™ =d(sing)’s" ™, (2.10)
|, =a,s” =d(sing)’s’*~, (2.11)

HJUDbif OOdjIsted, LOdzjyde o' H fsdzvtedL Oyl
350 dzj Lodr] sz sv tod L O 'Cl Stmdstztatz2008% d [0,1 ..
2, 28] Bl &ZzO " sEhisC fls! L jddkdt f§sStde
fcdzoh dqudiso ydded Rroddz', dzj totsL ¢ dzv H O8 ISSARSL
AIB_=5,56 M.

2.1.2.2. sBtejSy v odd3 b 9 0dz H' jdzjSlsu

1 sadBCd odL dzOYj dedzy otsdzsetsMmis' ~tokzdaskz
o' HsBd &3 L OUjiozdisiipls Wisdgd W ¢ dzOfdz' Hs®H)' o B
sj B3 j w@lskflgyj, L O dOwWodasfmls' HisHQPEREHHO
By dzdo s MStstejClskzo Olsd 16 j(Lf KR Ss[Aslsizfs 0 9 d LI daC
[ J MisOB " dz' L Iz¥ph h2c O D tf af digslzs 820 SC M j tod o] dzls
L Odzj ydetsfylsj 2 B % fdbssdddd3 Jjdzj Clstedudedd3 ¢
sdf ' o (lczdasdzwC s .IsO fjlsdRdzts oA OdAs), h s H Odz
His dz' dgf kds sdzse , .1 b sl dz' 260flj dcEBirditss * H S
HOdzd?2 oL O BsLOoOVWLEBEC fBHOMS E 9adedvH' (2

€ :ec[xl-' de qu7 - pH)]qﬂ.'l'dT QZO' T)], (212)
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HpH =71 detste 5O dz! dzj L dzOyJ dede? S dMmdzislsdetsmlsd, 77 to
CjW' y' ‘ dals OFf tots SOy Ypi® i)tz y o Gej ¥ Gz i) ts ' f)ls O dzt
diSiW y' ' dzls Of tets Clig TG ylzd U oL ddBiz vy dasiisspHi s O
CdMmdzsisdz fMgis j B ZOBLZEO ~tczdalskz, A

2.1.3. i1LESBCO BjIssHEz BYdMmdzj dedzav s c

1 OMmistsmiz ® @dzdzv H d MisOdzy’® 2 dzsects L sdzH Iz 9 O dzdaw
H' Of OL sdzlz  ( H t=lody Jd3EOd3) -~ oHtslz’ o tBdzw ° slsted &3z o O
Isj f dzsotse s o dittsd3’ dz¥ 9 Odzgdz?y 9" Huls QdEig]dd U
2017 . [Mdeso dzed B3 toj L Zdzdf B Ols tsHidts o s BstE 5 B[ Uaf 5 81 ®
H  Of OLtsdzke ' fJsmisstesod?2 L BH" dz W' L dyd
L dBsHjdzj?2 t©OH' ONeng8B ¢ ts 1 fdgvic jodfts figkO y(j dzdzw W |
L 4 d3dzd ~ fsCtcdo ' o odCBdzlz’ Is! mw ' dzis f jCtdy) jHVdZ'
sjtf dzsotsets odff etsd3’ dz® o Odzdz” hdzw A sd3 ©BlosB
AW tc Oy j o sdese s H' Off OL tsdzlz, ftosMsstctso O &
L d2 30 dedzy k14 @I @GL stz BtsLotsdw’ L dOydsts f°
tetsL to' L dijjdedg dijldszs ysets Isj i3 j cOlkztcdatse s ff tsdz

] HOdzsdzz Htsfdz" H Y § dzdz ' Hdztso dzj dzdzv W ° L
9 sdkOdts dzO thdzatso BOGC O fdhdsds OIADISis G
PlanetScopels O B' Bdz tslsj ydzd ~ L d&zOy J dz C 5] @ UzapV
MisOdzH Otclsdzdr Isdf ' o L jdRdztets fsCtcdo lz.

sz zZlsdzd S 859" HOdZ L dz' dzOdzdz o ° dzv tcabdsgt te ¢
ZOH Ot s Mw E W isted3Ols' HdMCS te PNsded ~w -y ' fdgttauyidtdif
W'LrLdudzz o j dzduyddez MY j SIstcOdz! dzts’ h ' dz! datsml
Mj defiste® 2 Mdzs “ Is* Mw L O d2.18 2 detss L Odzj y dz' Mmls

L=ADN,  +B, (2.13
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HA'BiCOd Bleko Odz dz' Stsj W' y' * dalsd @€ Is dzfyls O tizt
sOdz' Btclzo Odz' dz' C sdzmis O dzlsETM+ @l ® Y § ®&zelz" H oz d3
Mz Elsded S soadr ftosH ZC Is' landsd, 20D leagdeai8d2019.0  Is C

v OB dzd yw

it sy M jShteOd dZ H' Of OL 5 dzddzisdd 1§ jCalp' tBC
j demste' @ MizflzlsdzdSseadn fMdMmlsj o3
i [ &B tsuq’ . .
wdzW tc Oy J MjClsto 1 " Hindd4) dg 1 Od3" " B)z
H 2 2
fnj dzits W OTOL 5 1 s /12l dgte) /|1 Is /%Ry dg te
ETM+ 10,4-125 0,067 10,06709

TIRS (band 10 10,6-11,19 0,0003342 0,1

v iz dzj dzdzv off dzd o Iz Ols 3ssMW j tod ZzO L Oty
odftotsdz’ dz® 9 Odzdz? L H' 2fdzs " s Mw L odSBted Ml
Hsoegtsmnoaddz tso ' 2 tdeW e Oy e sdz' 2 5B dzQliisa-
Castanedet al., 2004)

_L-L- lel) 4

L, (2.14)
e.()t e (/)

HiLi MfjSlscOdz? dzO ' dzi dg' fyls J dzj 6@ jlsdydz

MfjClteOdz dzgO "' dz' dg' Myls jdzaj oa jlsd ydsts’ W

O BsmMY jted o dzOHew MY € Isfip PdhE2OO H * dz' dz' s
dZdL R Hdzsets o df tesd3 dg¥ @ Odedzy Ols d3tWifrfiftfj jtCfls @O de
CsjWw ' y' ‘" dzs s zmMl Ddyigyj C ©Os @Rtz 26d ,C 5] W
odtotsds dz¥ © Odedz" L j d3dlets’ 59 j ton dz' .

[ORO dsH,jd okOfNtsSelk' ojlsjstesdse’ yd' |
OldssMW j teded?2 IsdMS) o dBsdjdls §toso jHj dedg?
sjtedltt’  (hdsk0, HE o€ aEoldaodinssEsayd ofd
Hef sBEcEsy MY j y' O Ous £ Qdiy dstis tc @ dzdp@AsdR dzj Is te
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AtmospheridCorrection ParameterCalculator (AtmCorr) (Barsietal.,, 2003) 1 4 5B n
B Isj stesdztse * ydz' HOdz slsted dzlz ¥ Is* fmw L o}
teBLISON o OdzgdzV d3 HEs Isjtedlsste’ ° HESMdz' HY § dzdzv .

Il dL dzOyj dzdzv Isj B3 j e OIsktcd L j dgdes™ ffts9 j ton
L Ofmdetseo Odzets dzO L OS sdzg' s  dzR4A5(¥angetald 0kl d3° dzs

L/, TY=eM(/,T) = 2‘2/'; | (2.15)

GX%E-l
HLUT) i M jSbtOd O h' & dg Mis! j dzj 66 J lsaf iy dgt
MY jClsteOds dad2 St W' y' * dols Mot o 15§ 55 Isdaady

' dz dg fls!  jdzjteejlsdydsts’ WS teoDo2tciEd 191 T fts

J IsE'cdzl:%:l,439-102d3t'|$g’cj 6h® O Hitkze O tc@HE6DBY0ID dz

[ Liffpls OzO kwOd SWPURHJHC ' Mis! Mo kis zD, BB b I
[ /idsOkz0 | cabH BBV R@O Rodd j dzjSlsttsiOc dz

vy BB J tcOskztcO L JEelagd Mdis'olg ez’ L © 5B J tedzd «
YJteg L M Jj SstcOdz' dzlz h ' dz I, ) RA16)(1 PdzPwzs jils d

T= & (2.16)
/gy 118
¢h =
{M¢ " dz ¢ d seEdps (L3 ldedy ° dz 8 ' HBB] B,

YJ oL tc' o dzV dzdaW ttOH' Oy 2desets f jtoj desfykz

Bzj Ststej Clsdetss L @EOYHMds s Bdgrimw dz0 shdeso

9 jCGjlsOy’ 2detse s * dzH j [Nfn.X,] NEV | d3'o fpwj O iPls ‘t5,dz"
tc ts ) dzd dg¥AEndplSHendetal., 1993:
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€, = ev1Pv + evo(l_ Pv) + Dev ) (217)

Hije, €, M jSClstcOdz dz' CeJW' ' y' " dzsd Isj f dztso 56
9 HCtdIsts’ ftso jtcBedzlT 8 PBES Ol dztstsB Iz 35 9 dzj «
f" HiMlsd dzO¥ Yyts™ tso jten dz' .

tJhlsO BdAOMIS' L d&zOyd dz NDVI ty®d&y't k d
Isj f dzso tsG 5 odff tetsd3’ dz® o O dzdaw " " Hf so ' Hdzd A

Hesfmiskq dd s MY j € lstc @tangizg,m 2018 . B & 1 91 jOSzs Bz +
o dCstedMistso o Odzefiffvj CHs@P dz’ Ldztss dzdz® BARECEETRESS

20271 . I Bud ) digjf dedz'© Is Iz ts d L J d3dzts’ fso j ton dzg'
jdzj tecd jIsdydats’ wiCteOQoatsils' odCtsdalz’ Is! Mw L C
CdeW tc Oy tco sdets’ L dz2' d30ldzetalz201):0f OtcOlskzted (2. 1
K
Ty 40T oK2 ~, (2.18)
Q
Ingg* +1§
G0 ~
Hp1,521O0f OtcOIlsdz’ COdz' Btolzo Odz! dz' € sdz@d20dzlsd o
v OB d&f2y W
sOdz’ Btclzo Odz' dz Of OtcOlsdz CBdzmlsOdzlsd M
s ts dzfls| Landsat 7 ETM+| Landsat 8 TIRS EOS MODIS
md dzMmt Band 6 Band 10 Band 31
K1 666,09 774,89 73338
K> 128271 132108 130579
CojiW' y ‘desd sBYdMmdzj dets dz0 whdzse © s jMIOEHS y dzd A

{ B yd fdky te@y H dzv
fnd M ISEOSMODISB Z dzts L H * 2 fdzj dzts

CtsBsYSEts MY jScOd dsets
L O ¥ $QgdpizedzD2Bt]): ( 2
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K, =2, (2.19)

' /%10
hc
K,=—, 2.20

Hj = 11,0187 yj delstcOdz! dz2@ jWjSIsdo dz® HBso )y d dzO
odff otsd3 dz¥ o Odzdzv , &3S 3.

1 Bty welMEhds @dOdkz 31 Mk EQSMERHS st dits
LO9 Odzls Oy j dets H Odz' 9 ' H dzts ) dzlative spgdtralresbanspRSR dzts
{BUdfmdpdidets zOdzts L O Y (Basrtetddts2016( 2 . 2 1)

A, RSR+/,_;RSR,)
[ =iz , (2.21)

A (RSR+RSR,)

i=2

HpiHBo Y ddz0-¢ Bo fdz S Is tc O 2! RERIY o5 IsHofE llz® Y Iz
i-ets M jCltcOd dasets o' HdZ Sz,

{ BLYBH dz Isj Bf jteOlskted L jRlzs' o] ten dz
B Misdls! HOd ftots IsjdifjttOlkzte o yYyOf), "
dzOL j Bdzd 7 o d &3 to¥ o Odz' Tsrlfidl  dcjOHs jzde'd T t dzOdfdd
(2.22)

T 0 2.20
Thugns

T

&3
HiTyifjtejHdzy Isj B jteOlkt® ~“tkdidslkz L O TegiL k2
MjtejHdw Isj Bf jtcOlkztc® L jdBBdzdn §tsCtede  ®© k& H

s O0Cddz yd dzts dz, ) Hitsfydz' H Y j dzdz’ z3O* B Izlsc
sj B jteObkztekz: 1) Isj &y jtcOlkztc® ~ Tl deistzO oL Quk
Hdzw o' Hdzso dzj dedz toj Gtej ' 2dets’ L Odzj y detsfyls®

77



LO tjLbkd OOk ®BsBSd ISjfdssdr Mk
sj B j eOlskzted &O yOff o HBGELEZ (s d.

2141 sL tetsBC O d3j stsH' 9 BB YdmdzsdzdeZ ¢ & B i3l

lit®ibeduyde §OLOdGjlsted L jdsdes’ o] tern
tesL fsoMms HY j dedgW tOHOdesets MdedzOdzz sO 9o '
of zdo Os Is' dz0 LR OEOSkjt kO ' dzsj dzipd o dz' s
POl o Otefgdzso dz' 2 tojetejMm' 2dg 2 dBsHjd& O
BsHjd&vE., [t citdkjkteduydds: (O0LOdkjlkt' 9 o
& Myjotmls', odmtkO0 tjd ‘WYk 50O /oS ds
fOLO®R) stesdz o dL dzOj dztee Qs StOud Sl ' H2,jdats By o

2.1.4.1. [ sC0O0d d cjtddistedyds 5§ OL dac

[ MsBdzdo smMis' LftsctcOW '~ d&OdHh OV sk MEklsls
oz so i3 Miskz yYJtdL LOoOWLBBEC 9 tsdzisc tsRpinson e
et al.,, 2008. [ sC Odz! dg' GJ B sted ydz f5C0OL ded ¢ d
ygWwtetse s° BBsH j dz' odMmtsls, hqesC s odCtstedMm
yofmsets’ HdMf jthm'  eoatdtsetsMmis' ~“tkdlskz o dj
G4 5d3j Isted ydzd - tshtse dzd o ffsthyds j 2 tsB @3 Mdzij dedzfls
ficdfso jtorndzj osetts N Otckz ~“teldzls' @ odCtstedMmls Oc
Gjtd3j sted yded = § € OLyded C'teod o  © e Rt A5 € f "pdzts ¢
sCtc] @3 s | dzj Rplozibdetalis Jods) * W

Vanddz L j d3desy ' tslgted® dalzOr ddzz o Ibtsyy'
f dztsh ddets® ° ff dzsh ddets® Htslsdydz 2 HEts L j dgdets’
Cdzls g dzimd o dz' Mls ¢ fiteifOHE odMmtsls (GCOH" " ' dz
odL &zOyo* s mw w@ ' Wdy &R0 oiff nasdz’'d? teg ‘du M ls Axjz'
OBt 9] tols ddy)O daziffstezdzq(@ W' [ dgw dgdzv di3 (2. 2 3)
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y—tanl\/%gz+%§§ . (2.23)
J B Mydeosmlswes L d3 dz' d3Odz ded d3 [z~ d dzts o3,
ftesyd M &« Mlsotster ‘o sdztiz®@ g eztlz’ fipldtidc ' ©y 2O dzH M OW
fJjtejtotsL f sH " dz Rdbinsdpdtal., 2008ls € * o (
stcdodel dzC j toh tst f RIS @ dZBOtcOC s tod L B3' Wadk® d
f4odz 2 o' HfMlsOdz dx) ¢ s@a(ts s dely Gdz dyfetOdidz Qiftgatyl
HdMCtej BHT OystedodL d&z0 tsBuydmdze “ Is! Mw L O Wt

8dz@ d 2z dzdzd z adzo d*z
é%@ dxdydxdy gdx— dy?

g
C y

1J4G60dodzO StedodL dz0 &' MyJoatsmls® MmMlseatstes
MOGgWisstcdsz ® Odzdzy L sdz § Hoadh jdets'™ otsdzsetsmis’
[SMYLdy W' 1 6pp®Bdz L O csHddzdzd S s s Ml
f' odz ydesddk dOftew Z3CEz IO ftesjCy' ‘¢ kaddzk
o i tstedMmMisOdets Hdzv odL dzOyd dedzv d2Of v 3¢z ( O

(2.24)

2

I GDOI
-0 OO |

LJBdts e jterndzg = odrREEOYO  Is! Mw L O W tstedik
_ . 18dz/dx
X =-tan : z/dy@ : (2.25)

[(SMysLdy' v & Myjosmls' dzjtsBR' HA&O Hdv
ste' * dzlsOy’ T dzOf oW BBz dzOH A tSH Y J dzdzv 6 OH ' S dzts
ejdz ‘Y.

2.1.4.2. 1dhcko O bsfscwoOl ' yd GiSs:C
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] ¢ Hiesdse' ' HEGBE] o' HEdBs ofdds dst Od
RO o jteidzj o' ¢ @60 csyy@ND . tootsyls ydzdzOy
fesfsctesod? GELYGH' & ssdsdss &5 Misk.

[MS & € ofdde ksfscwOW' yddr Ghse ddo
odMmelsd, It HdW kjtdlsst' ' HsMd HY jhddBOE.A |
60<h, 0120d3, hds@0d. | §&HOM " sdkz y' § &Ofmkj td
OBMtds kB RAPML LORkoOddz" 5 s scteOW ' yd

10 thdss' sfsHbEgdsizds B isizb 6 ds dz0 @tedtz’

Cjd 'YWk s HBLoBd' odwedld &sCOod d
fedfceo jwndsj osBe " O’ “twkddsk, 4§ tcdlsOd0dadz
fsojteide . | Coydsdkz ¢ dzOmisjte' OB fsds Isd

dztsto dglz © O dz dzd B G, d3clatisy dach U@fidRizs s tsta difvdzts s (2. 2 6

v ¢ hYs=1l- j,=h-h"-1w ¢ hs0- j,=h™
1w ChYEsl- /,=h-h"-1wChyts0- j,=h™, (2.26)
fw ¢ hYts=1- j,=h-h™-1w ¢ AiYs0- j,=h™

Hyiianisi destedBzeo Odz! dz'  dgdztsy dzd S lof, hohelsv'  H Oy Iskj diat

2.1.4.3. [ BCOZ d& HJjo Oy  t©OH' sdzst O
lfdzde dsCOdz dzgdm HjO®' OYy' 2 ©WOH' tdZcC Oy' =
Ho SdBO f OcOd3j StcOMig L O 'fTddO BRI Bists B3dzls Oy * dz

COH' BhsCOY' 2dscts fMdedOdk kO &sCod gedd
TOBOCIjtedL 2tz sgls i s e j ten dz2 fted
o jielsdCOd d2 2 fosdviedLOy' ® §' ' H Cklstsd o' Lt
) OOk Bzj ¥ dls' o' H d&OBBEE Ckl' s Gt' * d
¢ Od dats’ (dzgstesOdz’ L gztigeats ( (StfnReBigh BtAIdZ017L O ¥ t

f(g,q9.y ,x) =cosg Biny Qosk - g) +sing &os/ |, (2.27)
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HigiSktemMtsod?2 Skls o' L ko Ogadeyy teestHSOsdptsdia] 2 jd
f OH ' dzdev j dzj § Istc B ds@zOded lsaizty dzj <z dak'OMmicJ dzs * § Wz
Cjd ‘W,

1 dz0y j dzdzv ¢ LO@OERY tisticdzts © Odets tsB yd Mmdzt 9 Olsd L

g=19q- (2.28)

U’)|U)

<

l .cOnlzo Odzdz? dzsC Odz! dzgd - H J 8" GYHAS L te GHEZW S dzt
fsfddzdlsd fMiOlsdmisduydd? Loo6wWL S dOBBtE o
HOdzd R L ©WeEtj flodlssd

22.t BLtesBC O BjstsHEz ¢ dgfQizjt xaCOfdzdayj LHEZGHAzC

s sy dzj C MeOH@dedizd 7 O sSflsdudedn My kzlsded S
‘Ldydedr f OtcOdzj Istc’ & L j dRBdes® 5o jton dz Bt
otz tsfls Ttekzdzls iz . [Mdzso dzd d3 d3j ssHtsd3 &
BOGOItsa dd3' todats’ tojctojMm' 2dats’ dz’dsisH j dza 9 6 W L
d¢MYjtedd3 dzls Odz! dgts o d 3 6w ded &3d L dzO 4 dzdz¥ d3d
M ElsddSsoddzd HOdd &3 o J Silkdaytetiedy Mdaitcl’ @dz] >psda
Bsyj BlIsd Y daj 20 dzO BMdese ' L Oc6 Odz! detsif toc
stc' &3 Ists¢ s, M CodBDHdgpotss HdMj telsOyY' 2 detsets  H
o0y dzdoasMmls® Ctcjdi3ddrn tjcetcjMstc' 8 HAzW ftesce
odzgj MGk Ctydesets L dzjtsBr Hdzdr f OtcOd3j Iste’ o
" AW st d3OIsd 9 detsfyls . { 4 OdzOdelzla Iz o BsH[j dz' W CH S LHC
LOBj LY jykels! dzO2B' ' dzz hz C" dzr €' fMls! Ctsted e
Hisf so dzd Is( .

==

2211 OcOsodds tdzd? tojctejm' 2dd?2 OO
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] tctsB BIs" LOMlssmMtseo Odzts to' L dztso dH BOGOI
tcj Gtej MOdzstsdz, L OcOdz dzgj ftedL dzOyj dzdzv wWC s’
B3 HJE d SO dej L Odzj y ded d3d L d3' dzdzd d3d (%
L o' dédddsjretc] IfQdzlsbisgislz dzj o " HsARBd A3 W' L dyded d3 ff Of
(Hollowayetal.,, 2018) [ ¢  dz@ € R~ OtOCIsjtc L Odzj )y detsfyls
WL duydzsdn nOtcOCIsjtedMmisd ¢ ) L OHOY' HdfMmls
dzj dz' dz' 2 dzd 2 , LOHdzv L OB J L {fJ wjhpss off cdidsdgisls
sy desC HBY' dz dets L Offlssmtsolzeo Olsd j &3 ' tod ydz
tcj G tcj (Rdsuaraatal., 2019)

l LeadyoO2dz 2 BOGCOIstsdy tdz 2 dz' dz 2dz ' toj
dz' dz' 2 dets®s WhkdeSCy' "¢ xeeFl,Oqn(33d - L d3' daded n

Y%, %o, X,) =y + B +B,X, +..+ B X (2.30)

v odif OHC Iz dz' dzj OtedL Oy"* °’ ) BOGOItsd to
s jtcj Hdg' dzj dz' dfi( kidel, é f nCids)yisdatdsetds) dedzte j ¢ toj M O

Y%, %500%,) =0 + b, 1,0¢) +b, T, () +...+Db, f,(x,) - (2.31)

tdeteym 2d20 BBHJdZ2 HBSLOBEYW' Gy dz¢¥ 9 Os(d
Hf sditse s  fls O dzH Oitllstslgsic’ sy ' f* =Rls00. dadjSlBf (EhikhgdezO y
al., 2014)

222.1 860LddSd By d€d bsydshls' tjcte]f 3

v sydz fMmls! BsH§ dz' ~nOtOCIsjtedL z° Ist Mw B d
OCIsduydedr MftsMmisjtej yJ dz . l 800" Is+ Mmw, h
OCIsdydzed &3 ° tesL teOn dzC sodd3d L dzOyj dzdzv dic
fwesyifm. rd¥ ~O0wOClkjdMsdicigéEihgl ozk:k Is dig:
f sCOLdzed € (d: MjtejHdz BCoOHBOIsdydz] o9 HnAddzj

==

==
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9 ' HdetMdzO s dZC O (ydds sdzdyy4y Ht 0, Isd d3
sStsh t5.

#J ] HAZ ¢ 9 OH tc RBIFE(aznedhdguageBrd)© ° d3° tetss o
B 3 BSHJd ddd O ' Misdddd®@§2):e dd° W dzd i3

RMSE= \/%a weeswe df (2.32)
i=1

4jtejHd OB fi)ts dMAE @aeanabseldggrdzf O dstsy j S tOh j ¢
6j Odz dzk W €' iy j oodedd tdydolskddy o & SO B Yd ind

_1n B. 9 d.
MAE_Eaﬂ W% we A (2.33)

ulsOlsdfMisdydsBiasi wgj " F @EOCIsjtedMisdS O Istsydsts
"Hrnddzj dzdz?" 9" H "' Misddzdese s thdetso dese s ¢ ' «
Wistoedigz dztss (2. 34) :

©

Bias:%é fse e we df (2.34)
i=1

lted Isj Miskzo Odzdz Is© tsyS fglis oo Goodzidy’  telfsHH Q teizlzd
Odzgdr RO Is! BB bOVYL et B YdMmdzRMSEIsdFHO®SC
O) Odzs dzO9o SHMAE (s tavwdd@)wp) ddzvH tc. , 2012

I

o)

223. [y &z O W OCIktstodzdr dzO0Oo Odzls Oy j dz

s 2yomdz0 Bjtei 0O hskyddrsr M Eklsdds o L J
MdMmlsj Bz, LOoaHWCd WwWE'2 ' distedsOY' v s
ftsH' 8) fjtejHO s fMmw s HJC dz Ctsn7 € OdzOdzO:
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fts wCdn COdOLOE @PLEHE@SN Hhisse ' tedz HO
mMddesjL' MmdMmisj s Stdf dzj S Mizo Odzdz" HOded 7,
Mskzq ' dz " deW sted3OIs d 9 dets fiyls COOdz' & E € t5dz¢
mMotsetsHd) . | tjLizdy IsOJs'w, polAiHvj Hotsdfrflstzdfddafls O d
(Itti etal, 19981 dztslsdz” S s B O 'dad. ,f eBYDd Oclz IsteOH
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stesC 1HO .2 mMded Isd © B tgd fy sy tiizisds B Ttkzds iz,
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1 Oc¢ Odz! dziz fma J Bz ftotso j Hj dzdaV Co0OL "' Mddzr
oddi tr o Ody W' Ldydedr § OtcOd3] Istef’ BB 5 daz dafstizdz
9 BHStG ' f tctsB Ttlkzdzs kz H dzw ZzOB st OIststcdzts G 5 1
o dd tor 9 Odzdz otsdzse tsfls Ttkdlskz (k2 fteddzO
CdmMAzslsdesmis® (1 fted dzOH) .

94



Andepenuiatnrmi Anaaizatop ,Intr L Boutoroai

Biabip rpynty TEPMOME P TPVHTY mipoMeTp P
R * v . 1 13
enarer Benetech GMI312 AMT-300 TROTEC TP-10 DR
36ip mpol s 5-a
- BeranosIenHA mymy BCTaHOETEHHA MIYIIY Hanperennd 5a TOIRY BCTaHOEIEHHAR MYITY
N Gy 2.5- TEorEy 2.3- infopy mpod Tmony 2.5-4 o
- Soreei 2.5-4 caa) Ha mmoRHY 2.5-4 cM Ha mEoRHY 2.5-4 oM E1I00pY mpoOH Ha [IHOHH] 4 e
hJ h J
S BriproEarTHE ) ) BrMiprOEaHia
oy a8 TesmepaTypn Bm[lprosmﬁ BmuiproEanma J—
KHCIOTHOCT TeMIepaTypH
Temmepatypa l l Boaoricts
HanmoeReHss OIORCY TPYHIY B TOHII Teunepatypa Tenmepatypa TPYHTY B TouIn
EiRDopy TPYHTY B TOUIi TPYHTY E 0OmacTi ELRDopy
l Bigdopy Bindopy mpodn J
JEa#yEAHHA DPOCH ‘ ‘
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tdm. 3.3. 1060d dzO MR j BO C9 0L ' Mddzen
odd3 tos o Ol m WY QtgfQUB Iste* & ~ obkzdzskz

l " HB ' t6 “tkzdzlskz BRoe LH' 2Mdzjdd?2 L odCttd
Wistedslzo Odzdz? MmEzdg' " Ttekzdzskz SO Mk MIsttOlskz,
fteddzydy ¢ Q ©Odpasjoteldy lad.2 Mmlzds" "hs Odzs d3' dg' * o !
Ctedh Ctss, O fCOLdS LOdjMmMjdd2 o IsOBd&dy!
hizq " o SO HOIyYyds' o« odd3 tor 9 Odzr dzedr f ted dzO
slsted d30 dzO L 9dSsted MisOdadzy dz TROTBEG TBzD" B Gets
HdW J tej dzy’' 2 dzis ¢ BeneeghGEISIR,| Gsdeipdzts Isida Mls'd ¢ sted M|
WALCOM AMT-300° o tsddsie * ands@ stcd Mis O dzdzv d3 Rapstastt@2% d3°
Is OVALCOM AMT-300 ( IsOg dgld). 1 sC OL dzd € d oddCog' jtaiy dpdibz]
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312.0 &z stedlsds tsBYdMdzj dgdz? H' j dzj S lsted ydzs’

] tcOdizE On H d frH] drisd® \H' %2 j deiizis smhdeso dzd d3
o sdzce sMis” Ttokzd@lslk OfPEcOdzr SALA/ B. 1t jtejH
ftes Mddz degd?2 LodowWLtsEC 3 4 otdzse’ Mist SO 11
fswides " Is! v  fesyjm ssyudmd)lzdlsizrlunjfdc
Mftedydded dzse s S dmazsilsdz Mis¥ SO Isj BB J OISzttt

¢ dze stedIsBAdM.dR .dzdzvy H ' j dzj S Isted ydets™ {f tots da
stotsC) Ao.Odzls Oy J dedz? tcOHOtcdzedr Mz zlsded S s d R
Copernicu©OpenAccessHub (Coperniais SciHuh 2021).
stesC 12.9dSBtedMisOdzdzy d@3 MY § y* Odz' L 59 O8eticas
ApplicationPlatform(SNAP) L H' 2 mMdzd Isd tsdztse dzj dzdzv d3j Is OH
Apply Orbit File.
stetsC) @ . H] tsd3ts ¢ Galibratiorn sl &SNP o € 5 de®lslzp | 6lsOy " ¢
Lotstetslsdesets teisL M 5 9 Odzdg" tGOH' tsdzsC Oy’ 2 dets @
DN s 9 W©WOH' s3] Istcd ydets € Odz) B toty & BaARO dats dz@ y joc
o' odgW dzdg?" L O HBY SRBSEBE W stedilzdzd:

S, = DI\ISARC"Sin(J), (3.1)

0 2

N SAR

HijAy, T JWjClsdodzO f dztsh @ T tity Lsfits'j ¥C ds@dzddzd 2
ZsC Odzr dzd 2 S (ESRA, 2015) 9 O dzdzw

StetsCl BMBEZHES9 O tOMIis telsolighy 'd B e Oy j dz
stetsC 4 H1 2 mded Is d GJ td3 Isted ydzkz Cstej 1
stlstsCtste € y' (Smajl tSEhillezj ®0A9) o mMd Mmisj i3z ¢
Fdz' 9 j temOdz dets’™ ff st j toj WastsrsalThanswpsdlajcator [
UTM) , L O H s tsdRamgedeppléredain@orrectiona SNAP.
stetsC v4 .. dzd & O¢ Ytsdzkz RBygePoppler §err&n@ygriection
sfy'é& cJjdj oo Odzdzv tcOMistesoIfsm@.L SB Oy |
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stesC. 8 H' 2MdzedIlsd COdz' Btolzo Odgdzv L dzOyJ dz

s jtcOkzied kO CdMmoaslkdshls’ ~thdsk, &l
[ Yy s, LOfMkshmkzeOld (2. 12).
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ftotst sfilp ' BOMh IsOB o Regdyy LLdEDWIjOR s MOdzts to
B34 sts¥ 5B Ughdisdzjtedsogvdz] dzs Odze stedIlsds 3. 1. 3.

O zc stedIls.dz 3t L BOR Zdzs € WL duydss® Isd i3 J t6 C
LO HOdd & Ctmdy’ ydesets L dz' dg@Adzy o * daW tc Oy g
stesC. 1) O 0OdkzlsOydilsd BOcGOIstsMy J CIstcOdzt dz L
ftocdBdzdL dets (HdzvW BOGCOItsmMY j CIstcOdz dzedr s Isd
fsodz Mis¥ (Hdzw bkjfdatsodr HORIR) o' Hfts9 " HC
Sentineil:

- B OG O Isldstdn@ dg' S dz' Mz zlsdzd ¢ 59 ° HORRRSD D 9 ¢E
tc | n zRtamegtExplorer (PlanetExplorer 202));

-BOGOBBMY J S tcOdzt dz' BYlsdydz My kdndzek s
ETM+ Isl@ndsat8 TIRS L ©9 Odzls Oy d dafj Mz tEgbhExplorer
(EarthExplorer 202) HOSMODIS (MODIS Products 202)).

stetsC wko tstoj dada” BOLd M jSCltcOdzr dzgdr R OtcOF
dzj etsfdzd dzdzd = ff t5€ toc d EECOSTRES d3dzt8 'dzV {F tlsaf3j 6 m dz'L -O(®
tc | M ZBEQFTRESSpectralibrary (ECOSTRESR021)).

stesC ABtoed3dzo Odedzr M j CIstc’ 9 odfftetsdy dz® 9 Odz' ¢
mMfJ Sste’ 9, lseCOEREISpectraLibrar@LfdsH OlstsS ¢ . 2) .
stes$S 4 B yd Miwjddénzvis iy dzts PL.SDH @dzdf As tc (3B).dzts &

stetsCl '6H datso dzj dzdzv L O dpjrodsptsifylstd o3 WA gignaf RBd Y t
L J dizdfss o j tds-@RDVI 9 f tc s G tc O d3dats d3lz Scilfglj tc P H ot "ts d3
f o6 tcORBdts d 5 tSd3tDHRMsAZE

stetsCl JL dzOyj dgdz? EMjtejHdzj dzegd=s o kL dzso dr Ists1
odftesd3 dzt o GOxzYY dzvnBdZ L Yydlskze Odzdz" fsCOL d
tcj L zdz IsOls Ozl s cladsBdsdssic, 5 LAz jddgsc s dzO s tots
9 HBEZOoO' Is: v h dzwoitsds o990 jHjdedz" W©WWHGCO 41
C s d30 dzH dggciLah' € dzts

sStcts8 Il L deOyj dedzv ff stetsclso f n L Iz @z yLj Cds BN D V
BOSC Md BOdz! detsc s L dzOyJ dedzy  iNgzW Isdzj tel3sS fgzizofistadia
to 5 fndzd dzdzd » Nij tfSddjcotc @Eisdidaddz/'tc W H 5 €
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St | dzj Mj dedzg? L dzOyjdzt obzL dzseNPVE ( ssBEC 8 |
oW HiSE ts @ tc Odigsiaslzdss  ( Q dze stodlsds ¢ . 4)

stes®.) s ' CMj d daj 158 Y dUnizprdzdas O fiplésts f asdNDViaiz® s
sfidetse ' L Odzj 3y desfls® ( sEPEHOMS’ &0 sty 8
stetstl [ Bydfmdzj dzdzv Mt j ClstcOdz! dets” h " dzt detsfyls®
h Otz Ols difs it 5 tcdi daty2.28)s te Bz dzd

stetsC [BAGMdzj dedz StsjW ' y'  dzst 9 M jCIlsteOdz o
LZLYyIsO St W] ytzO dzsPdetso © Y OMmizd jstOc tet @As' dy dzdstdz
H' dzv dz2C d, odfMmtslsd tjd " Wk O &JTY J s dBefids C
podzisE ' Mls! Ol BsHY( iz c2®HY tf 'clisBPp( 2622 ) .

v OB dzdRy W
[jbjBtdse’ yd HOd o YO { toids fsds b sinjdidzvs d
{GMT ] To | Po LZ Ly, -
080 "oy | 1 | g ' |Ye%| 1 widftdse |1 K icS |
04.042019 8:45 | 100 | 10000 | 27,0 0,16 028 097
09.04.2019 9:05 | 150 | 989,3 | 590 1,31 217 | 08
03.052019 848 | 17,8 | 990.5 | 530 1,14 101|084
21.06.2019 8:33 | 31,5 | 10080 | 250 2,05 335 10,74
30.03.2021 7:58 | 100 | 10110 | 43,0 0,34 059 |094

ssiw' y' " dzlsd sBydmdzs ¥ Is! mw L O HiEYT At
i O tc O BZAR@ T @tmosphericCorrection 202) ( tod . 3.6) L od
tcOH' Oy’ 2dzse s f j tBerdpsah) 200/ODTRANEE SOIsd SE
 IsOB. 3. 1.
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Year: 2019 Month: |04 Day: 04

GMT Hour: |8 Minute: |45
Latitude: |50.353 Longitude: |30.501
+ is North, - is South + is East, - is West

Use atmospheric profile for closest integer lat/long felp
® Use interpolated atmospheric profile for given lat/long helz

Use mid-latitude summer standard atmosphere for upper atmospheric profile keip
® Use mid-latitude winter standard atmosphere for upper atmospheric profile hein

Use Landsat-8 TIRS Band 10 spectral response curve
® TUse Landsat-7 Band 6 spectral response curve

Use Landsat-5 Band 6 spectral response curve
Output only atmospheric profile, do not calculate eftective radiances

Optional: Surface Conditions
(If vou do nor enrer surface conditions, model predicted surface conditions will be used.
Ifyou do enter surface conditions, all four conditions must be entered.)

Altitude (km): |0.17 Pressure (mb): 1000
Temperature (C): |9 Relative Humidity (%): 27

Results will be sent to the following address:
Email:

Calculate

Clear Fields

tdm. 3.6. wdlsjtwWi2MmM COdz CABAsEtsStIc O OIS

stets¢ [1elyd mdzj dedz? MY j SlstcOdz! dats’ h ' dz detsfyls
fso jto¥ ez dztss (2.0 @423 . D) S@sdsej Cy' 2 dd A
L odCttedmls Odedz” a5 W tste iz dzd .

stes@ [ B yd Mok deds'® 1 dzv ¢ O GOSKMPDISK B yd fidzs & s fyw
LO Wste@RdzA®], ( 2. HA)solkd G dis2. 2 1)

stets@ 1{ B yd fdzj dzdevj d§tf jitafOUsiztaTies,c 5 Off tsazY to(zj dzts
] 2O © (2.18), L odSCttedMmlsOdedzy 8 C Oz Kuteklz
Ka).

stets@ 1f Ofh Is O 47,00 didets Bz dztss (2. 2 2)

[ 5L tccB@apda@dlsdg 8B I Bdzes yYjesots L Ofls
9 WOk sltddkOdts Isjfdss' mMzfklsddSss' HOd
37.
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S1A/B.

314. e stcdlsds 5B YdMdzj dedzy & j s3] st d ydzd A
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dz' 9 j dz8 9 Odedz? HjHBdzVicdL Oy' 2 déop =2 dgdW j Shrisdz
sdso dzgsets HY jtoj dzO ' daW stcdzOy " ftocts o tdztsc
Htsfpdz' HY j dzdz' Blreaee Bsisd s.d3B 8z) Hzd 2
b dze stedIsB3dMn.dzl .dzdzv HESfsd Y dzdr § OtcOd3] Ist
stesC ) o Odzls Oy j dzdzg? Mz zls dzdl9OB AF3D dzO0 dds[ - tc dAs
Isji Mistse d - H-tc fizf) dztd B Bwelf 2020 B
stesC 1 Of so dzj dzdzv dzsC Odz' dzd ~ f tsdzd ¥ 4 dz K[ [
oddzdS Ot ls! ftod §sBRZHBY W tOMlY s BOEdS 55t
(ArcGisFill, 202)).
stesCst8dzo JtelsOY' W G JjtsetcOW " ydats’ ftcdeoowL Cd
CtssteH d dzOIs  Edz' 9 j emOdz! dzts” i s fUpitegsall dzensversé tc
Mercator UTM) dz0 tMhdztse ' d3tf Holis@rmedtdRdstes 2021 . 1 sB Iz
tcOMsteso s@ s hil 5B tc Oy j dadaw
stesC [ iyd Mdyj(dedev2 3 (R.25KIQAKZ] i3] dzlsz t6j dzv “ Wk L 9
st zOdzs™ dz20 stetsy’® 3.
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stotsC 150.010.dzls O dJARVGD30f [o f totsc tc O RBENVI. M to g
stes¢ B jtcegtso ts, dzO0 { tc 5 ¢ tc Dapagiaphic @D c
Topographid-eatures
stesC [B.eIAYd , lted BOdsets dzO stetsy' 3,
sBtcOlsd fChanr@ldzj Is tc
stesC [ BYd Mdzj dzdzy (i tizOtc GdpidHO L o dC s gl @ edzd
BsH iz fzs H Ods 58 )
stesCf B7yd Mdzj dzdz?y § OtcOd3j Istclz Bt * dzls O3¢ghtinellL daB
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32 BLEOWE stod Eds'dell dzj C fkzo Odedz  Mbkf klsdzd €
odL dzOyjdadzy W' Ldydzdr § OtcOd3j Iste’ & L j d3dz

dbdestedlsdsd, BfdMOd o § HEsSLH' & 3.1
f Otc Qafzjols L j dgdats’ ftso jton dz . vdd3 dzj d3d dz"
mMfElsddtsodr HOddr WOBSLY YR dmp o ¢ dzg
ftesHizCIsk. [ Istcd &30 dzdawfip§itsdr@Q Hd® “  I9s BV frydz Hopdiy A
fsdzv" ¢ O 9 ftotso jH ] dzdz’ tod Gto My B @AsG s L O ddg]c
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(CtedmMlszoa Oy €O CBf O Is]jtedzO fotsetcOBRBO, Nt
L OHOY' L Sy’ dzt 9 Odzdey W] dzdisidzd § ts & jOusHOdB ] IS ks C
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21 OdzO" Iskzo OlIsd toj Gz dzv teded 2 Hisfmiskz{ H S
tcOH' Bzt Oy 2ddr Mz kzbddStsoads HOddR .

lted odt' hjdz HIOUBAIgydaftsC QdD dzgscts OB s
HsYy' dz ded &3 ° o i tstedmMisOdedzy Mz zlsded ¢ 59 d =
fesflststse 5° tetsL to' L dzj dasfyls ' . 1 58S 6§ O, L
BOGOIssMY j CIstcOdz dzPlandi3cdfptP R &Y Santhel2 MSOsiandsat
TM/ETM+/OLUTIRS. [ o 5 Sl ue'd2 dz' tOH Otedz Seritjiell BRORG ¢
M toj Hdz' t5° ftoesmMstctso ts° tetsL to' L dzj dzdats yls
feshiststetse 5~  BRIMASTERGOEMHAF@NID SOC 5 L dzO0n B
9 ' dz' dzfpiglz ¥ H ts

1 5BteOy j dzdzv o d Mts € BlanetScdpedits'™y izdzj dzddtpdpiise z & O
" deflstcz 3 dalstsd3 HdzW HEsMdz HY jdedgw L &3 dz fMlsOd
L dOydese s totsL o3 tekz. [ dzv M sMmisjtejyj ddaw L o
sy dzd o d d3 ‘ Odadaff € tsLcEEMdsO X j dz o odHJBsBREZ Is
Sentinei2 MSI. gz zls dzdl@anglsate @A dz' sdsz " daW s Oy g
ZOHO8 Is! Ldi3seclkz L odmMsiE IIstsydz Milse HBMdz +

1 © dzOsgBads ydz' 2 thdese ' Gtk tep Szf) dzts O dzdgy |
st Isd ydzd Mz zlsdzd S 59 d n H Odzd HitsYy' dz' dzts
COlszo Odzdzy W' Ldydedr fOOdBRBiIstc’ © L j digdets’™
Ttokzdzsz  ftodtetsH dzd zOdzH " OW Is* © BzO° Blzlsd
f4jtemdgddsdsd | we EZ§teOodz dzdzv fted tetsH dad &3,
sjtedlsste wWdsgd SO MEzd3" Mdetss L ded d3d s W 5tc d3C
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3.1 dzw LOBJ LY Jyj dedaw ftcOyYjLHOIdsMIS
OolstsdBOdL s Odes” " HMdMisj B Y deca] @ dzdg™ L
f OtcOd3j Istc' o L 4 d3dzts”’ fse j ton dg' ftcd tetsH dzd r
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4 jtco j to:

-BOGOLftesyj Mstedets™ Oten ' Isj SIskztcd yd B

-ded BIdB] 2 vy fjtcOlsdedas’ fORBOWIS' ;

-9 dz dzgd?2 BBO' @3 dZO Y tsteMmMisC sz H dMCtke 6dsC
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- dzy AR 1 Y jwOlsdodats’ fORBOWIS'
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10 1 8B'Is/ M.

1 0f e sdegso OdzO B ssHdEC O kdzg' o temOdz! dzts®
L Ofmistsmizo Ofzdz" GZOBJ QdzE B L dRBso Of Misjfkz O d&
Istgdz’ Mmls! BsSH§ dz' HisL o sdzd Is sy' dzvk 9 Olsd W
LOftso" Hdzed ¢ " &8, LOCOLdzdC " 9. [MB d&zd 9 5 J
H dzw sy’ dz¢ 9 OdzdzV fnls O dzlz o tsdzse tsflis T oIz dzls
o MisOdzts o dzj dzdzv dzO e I WY dzts © O QIO tc O IsEAsf sy ls
H dzw ftotseo JHjdadzw ftsdzt sBodrm totsB' s tsB d3d Y
o dzOfmMdz' HisC Misdr ' 2dedr dzdr yd Isj - detsc j dedzd

1 tcOSIsdydzj LOMistsmMize Odzdzy tetsL tetsB dzj dzts’™  d3d
Mdtc' Elsdgzcsodr t©WOH' BdZEECOY' 2dzedr HOdzdr o

HddzOd3" S L A3 dad o tsdzsetsfmis’ ~“twhkdalsk, tME ' ¢
o dBOGCO' oMl 2dtsets dBtsdz Isstcd dze 2.
] SHOdz h Hisfhdz" H Y j dadaW 9 Otcls ts MY oW dglz 9 C

BEsHj dzs 0o Odgdz”  tetsL ' % 0 Odzdz? ©OH' BdsE Oy 2 dts
csLtedol MsOldmlsdudts’ WkdSy' ', hts ' dOfc
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2. [sted BOdzs BY' Sk bydsmls' tsL tess dj dts
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3.1 60CIsduydzj L OMlssmkze Odzdzy tetsL totsB dzj dats’
HdzW dzOBtstclz MEzfklsddSsodns t©WOH' kS Oy' 2 ddn
Hdzw MitsMmlsjtejyjdedz" L O HJdzOdZ St L d3 dzad o
f OtcOd3j Isted &3 130 dalaffdgOc O ftsMmis' 2 dese s s dz' Ist

4.1 SHOdz h° Hisfdz" H Y J dedaW 9 Otclsts MY tow gz o
BsH | dzs 9 Odzdz" L ostetslsdzsets tetsL M’ ¥ o9 Odzadzg? tcOH
odfOHC" 8 W' Ldydes® dzgjodL dzOyJ detsfyls” W s ezC 9
tcORBE Or dsH j dZ | EM, hfts MCtstc'" hj LO oMy
LjBdes’ fmojtnds . st 3 ssets, dBsHj dz@ o dd3C
slstcd BOdzd »n M der tesdedzs L t6OH' Szt OyY' 2 dzd 3
LOdZEyoOlk22UtsdigilsOdzy’ 2 dz27 HOdz , dzj dzdh g f
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1 OcOlstsMtf j CIstcOdz' dz' s f Bldnegt8sopePHzIP) Iz Iff .dzds I tis 45 ‘te (S
tetsL to' L dgj dedz' flss 3, 7 o3, MmMdzEecksls' Mhdso 58
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ftcdf so jtondzj otsGts h Otclz 7 teldzjdidstizj ldscB UecddrlztsdztmH jH A
tc * o dz¥htigral EQuation Model) 9 WOBRBECOr &jlssHkz dBOMzd A
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[BHOLBS ¢

ltosctcOdgdz’ S BBH dsHEZAdZ 9 oScildbB ¢ tt O d3dzts egidzy M,
tosL tesBdzj dats™ @ RBIItsHdSECd SR dzy SMEzo Odzdzr H O
Ldz dzOdzdz? HdzW o dL dzOyg dzdzv W' L dydzd= 1 C

b1l JltosctORded?2 CtH dBtEH Fjddrj SHsded ysiasy d fif dejtsodzt
h stefmils ¢ sMis L J dRBdzets™ s jten dz

/I 'Surface roughnegsermittivity estimation using linear regression with SAR backscattering
/l SciLab v6.1.1 Scrige 282021
clear();

functionx=CubicEgRoda, b, c, d)
DeltaO=h."2-3*a.*c;
Deltal=2h.A3-9*a.*b.*c+27*(a.”2).*d;
underroot=Deltal.A2*Delta0."3;
pm=sign(Deltal);
if (or(Deltal==0)) then pm(Deltal==0)=1; end;
underroot3=0.5*(Deltal+pm.*sqgrt(underroot));
bigC=sign(underroot3).*abs(underroot3).~(1/3);
bigCC=bicC;
if (or(bigC==0)) then bigCC(bigC==0)=1,
end
x=-(b+bigC+Delta0./bigCC)./(3);

endfunction

functione=E_of Av_thetéA, theta)
c=costheta);
Al=A+1;
coefA=Al.*c."22;
coefB=Al.*c.*(2-c."2):
coefC=Al.*(-c."4)2 .*(1-c."2);
coefD=Al.*c.*(1-c."2)."2;
x=CubicEgRodicoefA,coefB,coefC,coefD);
e=x."2+(sintheta)).”2;
g(find(isnar(€)))=1;

endfunction

functione=E_of Ah_thetéA, theta)
e=(4*A.*((cos(heta)).”2)./(1-A).~2)+1,;
endfunction

function F=SplineOverLevdlX, Y, level)
F=Y; /I fixed init
K=find(Y >level);
D(1,1)=(Y (K(1,1)+1)}Y (K(1,2)}-1))/(X(K(1,1)+1} X (K(1,1)-1));
D(1,2)=(Y (K(1,$)+1)}Y (K(1,$)-1))/(X(K(1,$)+1} X (K(1,9)-1));
F((j*?)=int?erp(x(K),[X(K(l,l)))((K(l,$))],[Y(K(l,1)),Y(K(1,$))],D);
endfunction

theta=0.704552 J/ projected local incidence angle (rad)
level=10; // spline oveiinterpolation

sO0VH=0.0098697; s0VV=0.025725%: sigma0 values
lambda=5.54657632; // Sentinell SAR SAR wavelength [m]
k=2*%pi/lambda;// Sentinell SAR SAR wavenulbyer, [1/m]
S=1e3:1e4:2e2; // granularity size [m]
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g=4; // correlation radius factor
Z=2*k"2*S.*(cos(theta))"2.*sqrt(q*S.*exp(k*q*S.*sin(theta)).”2)); // alpha denominator
Ah=sqrt(sOh)./Z; Av=sqrt(sOv)./ZJ/ alphavalues

Eh=E_of Ah_thetéAh,theta); Ei-SplineOverLevdh,Eh,level);

Ev=realE_of Av_thet§Av,theta)); EsSplineOverLevdAv,Ev,level);
clf(); plot2d(S,[Ei',ESsT,style=[14,28],rect=[0,0,0.02,30],nax=[1,11,4,9],axesflag=1);

Il exec((CYAMODULE\EGRAN.sci");

0. 2. lesctOddzd?2 CGH BoHbdY Hbv % stedzo O
Ljkdedn §sStedo' o 'L MECAESERESDibranys s o d d30 dzd -

/I Spectrum sortingjltering )
/] ScilLab 6.-20201 Script E 2006
clear();

Y=read('C\DATA\SPECTRAwater.tapwater.none.liquid.all.tapwater.jhu.becknic.spectrurilty; // raw spectrum
Z=gsort(Y,'Ir','i"); // sorted spectrum
[F.K]=uniqugZ(:,1)); // unique wavelenghts
M=diff (K)-1; // nortunique samples number
for i=1:sizeM,1),
if (M(i)>0) then
U(i)=mearZ(i:(i+M(i)),2)); // nonunique samples averaging
else
U(i)=2(i,2); /I unigue samples translation
end;
end;
U($+1)=2(K($),2);

dat=mopen('GDATA\SPECTRAwater.tapwater.none.liquid_rect.txt','wt");
for i=1:size(F,1),

mfprintf(dat,'%.4f %.6i",F(i),U(i));

end;

mclose(dat);

C_If()a M(F,U,I'g');

Il exec(CY\MODULES\SpectrumRectifier.sci');

d. 3. ltosctcOdgdzd?2 S tSH BSHEAZE HAEYV totsL tcOA |
odtitetsdz dzgt¥ 9 Odzedz? LIfP P Ctcd 59 g tc& Sz’ 9 j 6 j IsO

/INDVI => land surface emissivity (LSE) relationship estimation
/'l ScilLab 6.-2020 Script E 2006
clear();

function [ndvi, epsil, epsid=NDVILSE(A, B, X, Y)
D=splin(Y (:,1),Y (:,2),"natural"); // interpolating cubic spline
R=interp@(:,1),Y (:,1),Y(:,2),D,"linear"); // red band interpolated reflectance
N=interpB(:,1),Y (:,1),Y (:,2),D,"linear"); // NIR band interpolated reflectance
T=interpX(:,1),Y (:,1),Y(:,2),D,"linear"); // TIR bandinterpolated reflectance
E=1-T/100; // TIR band interpolated emissivity

Il clf(); plot(X(:,1),E,*g",X(:,1),X(:,2),*r',X(:,1),X(:,3),-m");
red=sumA(;,2)/sum@(:,2)).*R); // red band integral reflectance
nir=sum@(:,2)/sumB(:,2)).*N); // NIR band integral reflectance
ndvi=(nir-red)/(nir+red); // OLI bands NDVI
epsil=sum(:,2)/sumi(;,2)).*E); // TIRS band 10 integral emissivity
epsizzsum(:,3)/sumi(:,3)).*E); // TIRS band 11 integral emissivity
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endfunction

mprintf(\n NDVI and land surface emissivity speclib estimatio)
A=read('C\DATA\RedRSR.dat}1,2); // red band spectral response
B=read('C\DATA\NIR-RSR.dat"1,2); // NIR band spectral response
X=read('C\DATATIR.dat'-1,3); // TIR bands spectral respongeandsat7 ETM+)
S=mgetl(C\DATA\SPECTRAEMISSLIB.LST'); // emissivity spectra files list
n=size(S,1);// number of emissivity spectra

mprintf("  %u land surface spectra used for estimatigr);

progress=waitbar('spectra estimating : '+string(n));

Ist=mopen('CRESULT\ LSE-Estimation.csv','wt");

for i=1:n,
Y=read(S(i);1,2); // current reflectance spectrum
[ndvi(i),epsil(i),epsi2(i)|:NDVILSE(A,B,X,Y);
mfprintf(Ist,'%.6f %.8f %.8i’',ndvi(i),epsil(i),epsi2(i));
waitbar(i/n,'spectra estiamting : '+string(n),progress);

end;

mclose(Ist)clos€progress);

mprintf('  NDVI and land surface emissivity of %u spectra estinvatag

clf(); plot(ndvi,epsil,'sg',ndvi,epsi2,'dc’}, NDVI-LSE relationship visualizing

low=find(ndvi<0.25); // low NDVI estimated emissivity, mean = 0.0091313, 0.8740463

high=find(ndvi>0.90);// high NDVI estimated emissivity, mean = 0.9817490, 0.9842091
plot([mearfndvi(low)),1],[mearfepsil(low))meariepsil(high))+0.005],+rmhearindvi(low)),1],[meariepsi2(low))mea
n(epsi2(high))+0.005],'’xm");

Il exec((C\MODULE\ LSE-Estimation.sci');

. A totsctcOd3dzed? CBBH BSHIEZ A&z Hdzw totsL tcOn kzdzS
oditsd3’ dzt 9 Odzedz?y O tMdztso 9n' HdesSGEfs L tSB K

NDVI

/I PlanetScope NDVI thSE recalculating by relationship approximation
/'l ScilLab 6.-221 script E 2006
clear();

mprintf(\n PlanetScope PS2.SD NDVI to land surface emissivity approxiria}ing
I=500; n=500;// image size, lines, samples 1=1500; n=1800;
ndvi=read('CDATA\NDVL.txt',I,n); // PS2.SD bands 4, 5 NDVI transform
mprintf(" 2 bands of %u x %u size image was loaugdgh);

threshv=evst(x_mdialog('NDVI and land surface emissivity threshold values' firemetated area NDVI';'futovered
areaNDV/I';'non-vegetated area emissivity';'vegetation emissivity';'surface roughness emissivity']+' :',[' 0.11";' 0.46";'
0.92'' 0.985";' 0.0057))!/ soil high NDVI; vegetation low NDVI; coefficient band 10; coefficient band 11

if isemptythreshv) therhalt(' NDVI and LSE threshold values are not deflngdabort; end,;
K10=[-1,0.98;0.051334,0.9189035;threshv(1),threshv(3)+threshvfd)B TIRS band 10 low NDVI approximating
knots

K11=[-1,0.98;0.051334,0.9189035;threshv(1),threshv(3)+threshvfl)B TIRS band 11 low NDVI approximating
knots

C10=splin(K10(:,1),K10(:,2),"clamped",[0;0])/ TIRS band 10 low NDVI interpolating clamped spline
C11=splin(K11(:,1),K11(:,2),"clamped",[0;0])/ TIRS band 11 low NDVI interpolating clamped spline
D10=splin([threshv(2);1],[threshv(4);0.9189035]+threshv(5),"clamped",[2*(thresttlr(dFhv(3))/(threshv(2)
threshv(1));0]);// TIRS band 1 high NDVI interpolating clamped spline
D11=splin(threshv(2);1],[threshv(4);0.9189035]+threshv(5),"clamped",[2&hw(4)threshv(3))/(threshv(2)
threshv(1));0]);// TIRS band 2 high NDVI interpolating clamped spline

mprintf('" approximating relationships parameters was defifjed
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mprintf('  NDVI to LSE calculation ...";
progress=waitbar('NDVI lines processingstring(l));
for i=1:l, for j=1:n,
if ndvi(i,j)<threshv(1) then
epsil0(i,j)=interp(ndvi(i,j),K10(:,1),K10(:,2),C10)/ L8 TIRS band 10 low NDVI interpolated emissivity
epsill(i,j)=interp(ndvi(i,j),K11(;,1),K11(;,2),C11)/ L8 TIRS bawl 11 low NDVI interpolated emissivity
elseif ndvi(i,j)<=threshv(2) then
epsilon=(threshv(4)hreshv(3))/(threshv(2hreshv(1))*2*(ndvi(i,j))*22*(threshv(4)
threshv(3))*threshv(1)/(threshv@)reshv(1))*2*ndvi(i,j)+(threshv(4hreshv(3))*(threbv(1))"2/(threshv(2)
threshv(1))*2+threshv(3)+threshv(5);
epsil0(i,j)=epsilon; epsill(i,j)=epsilon;
else
epsilo(i,j)=interp(ndvi(i,j),[threshv(2);1],[threshv(4);0.9189035]+threshv(5),DL0JIRS band 1 high NDVI
interpolated emissivity
epsili(i,j)=interp(ndvi(i,j),[threshv(2);1],[threshv(4);0.9189035]+threshv(5),DU1JiRS band 2 high NDVI
interpolated emissivity
end;
end; waitbar(i/l,' NDVI lines processing : '+string)progress); end;
clos€progress);
mprintf(' completén’);

datl0=mopen('GRESULT\Emissivity LSE10.dat','wt);
datll=mopen('GRESULTEmissivity LSE11.dat','wt");

for i=1:l, for j=1:n,
mfprintf(dat10,'%7.4f' ,epsil0(i,j)); mfprintf(datl1,'%7.4f',epsill(i,));
end; mfprintf(datlO\h'); mfprintf(datl1,\n’); end;
mclose(dat10); mclose(dat11);
mprintf('  ETM+ Band6 LSE output compl&td;

/l exec((CX\MODULE\NDVI-PlanetScopé& SE-20190410_v2.sci');

. biecsctcOBZdzd?2 Ct8H dBBHEERE H&Y ftsBERHLEO Oddz
H' jdzj Sstedydes’ ftosded S dzsfls’ O hstemisC sls'
/I Surface roughneggermittivity estimation rasterization

// SciLab v6.1.1 Scrigf 202 1
clear();

mprintf(\n Surface rougiess and permittivity regressional estimaidn

m=125; // number of regressant measurements

X=read('C\ADATA\Permittivity Roughness_Estimation_Datxbit138.dat’,m,5); // Initial data for orbit 138
/I X=read('C\DATA\Permittivity Roughness_Estimation_faeOrbit138.dat',m,5); // Initial data for orbit 36

mprintf('  %u regressional measurements losdgn);

S=X(:,1:3)"; // sigma0_VH, sigma0_VV, PLIA

R=X(:,4:5)"; I/ roughness, epsilon

[A,B,Z]=reqlin(S,R); // multi-linear regression

Q=1-(diag(2).ktde¥R,'c")).”2; // determination coefficient

mprintf('  twodimensional regression determination coefficients = %.9f\%6,9i(1),Q(2));

I=400; n=400;// alpha image size, lines x samples
U=read('C\DATA\SigmaVH_20190404.dat',l,n){ sigma horizontal darization image
V=read('C\DATA\SigmaVV_20190404.dat',l,n)/ sigma vertical polarization image
T=read('C\DATA\ThetaPLIA 20190404.dat',I,n){ projected local incidence angle
mprintf('  SAR image thredimensional data %u lines x %u samples lo&uggh);

mprintf('" roughness and permittivity estimating ...");
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progress=waitbar('SAR image lines processing : '+string(l));

for i=1:1,
for j=1:n, Y=A*U(i,j);V(i,j); T(L,)1+B; E(i,)=Y(1); H(i.)=Y(2); end;
waitbar(i/l,'SAR image lines processing-string(k),progress);

end;

closdprogress);

E(find(E<1))=1; E(find(E>45))=45; H(find(H<18))=1e3; // physical constraints

mprintf(' complet&n’);

[Imprintf("  roughness and permittivity output ...");
dat=mopen('GRESULT\Permittivity 20190404 at','wt"); // epsilon recast

for i=1:l, for j=1:n, mfprintf(dat,’ %.6f',E(i,))); end; mfprintf(dan"); end;
mclose(dat);
/dat=mopen(' GRESULTRoughness_20190404.dat','wt"); // granularity recast

for i=1:l, for j=1:n, mfprintf(dat,' %.8f',H(i,j))end; mfprintf(dat\h"); end;

mclose(dat); mprintf(' compleig);

mprintf(" surface permittivity value (min/mean/max) = %.3f / %.6f / %:3hin(E) mear{E),max(E));
mprintf(" surface roughness value (min/mean/max) = %.3f / %.8f A%8in(H) mearfH),max(H));

/I exec(CY\MODULES\Permittivity Roughness_20190404.sci');

. BtosctcORRdzgd?2 S BH dBHEZME HdV dsteddOd L Oy’
L J dqgdzts’™ 59 j ton dzf
// Digital surface model (DSM) feature normalizing

/'l Scilab v6.1.1 Script E 2021
clear();

mprintf(\n DSM feature normalizig’);

I=600; n=400;// DSM size, lines x samples

H=read('C\DATA\DTEM.dat',l,n); // Digital terrain elevation model

C=read('C: DATA\Orthogonal_Concavdat',l,n); // orthogonal concavieature mask
mprintf(' DSM feature mask %u lines x %u samples lo&dédgh);

mprintf('  DSM feature normalizing ...");
progress=waitbar('DSM lines processing : "+string(l));
for i=1:l, // line-wise feature normalizing
E=find(H(i,:)<=60);
if ~isemptyE) then
F=find((H(i,:)<=60)&(C(i,:)==1));
if isempty(F) then b=min(H(i,EL; else b=max(H(i,F)); end;
G(i,E)=H(i,E)b;
G(i,E)=G(i,E}ymin(G(i,E))+1;
G(i,E)=G(i,E)/max(G(i,E));
clearb F;
end;
clear E;
E=find((H(i,:)<=120)&(H(i,:)>60));
if ~isemptyE) then
F=find((H(i,:)<=120)&(H(i,:)>60)&(C(i,:)==1));
if isempty(F) then b=min(H(i,E}L; else b=max(H(i,F)); end;
G(i,E)=H(i,E)b;
G(i,E)=G(i,E}ymin(G(i,E))+1;
G(i,E)=G(i,E)/max(G(i,E));
clearb F;
end;
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clear E;
E=find(H(i,:)>120);
if ~isemptyE) then
F=find((H(i,:)>120)&(C(i,:)==1));
if isempty(F) then b=min(H(i,E)1; else b=max(H(i,F)); end;
G(i,E)=H(i,E)b;
G(i,E)=G(i,E}ymin(G(i,E))+1;
G(i,E)=G(i,E)/max(G(i,E));
clearb F;
end;
clear E;
waitbar(i/l,'DSM lines processing : '+string)Jprogress);
end;
clos€progress);
mprintf(' complet&n’);

mprintf(' normalized feature output ...");

dat=mopen('CRESULT\DSMF.dat','wt"); // Normalized DTEM

for i=1:l, for j=1:n, mfprintf(dat,’ %.6f',G(i,j)); end; mfprintf(dah’); end;

mclose(dat); mprintf(' compleig);

mprintf(' DSM feature value (min/mean/max) = %.6f / %.6f / %.6hin(G)mea(G),max(G));

Il exec(CX\MODULES\DSMF.SCI");

07 1 tcsctcORBdzd?2 CBBH HBHEzdY BOGCOIsto dd tcdsts
o szsestisdals i W L dydeder  f OtcOdBd ste’ 9 L j dzdats’
C s 3 tsdzj dzls

/I EO-data based physical parameters fusion
/I SciLab v6.1.1 script 20182021
clear();

n=116; // number of measurements
X=read('C\DATA\Initial_Data_Fusion.dat',n,18);initial data

w=X(:,1); // soil moisture relative

s0h=X(:,2).*(30.029.*(26X(:,16))).*(1+0.2.*(7-X(:,17))); // backscattring coefficient (VH)
sOv=X(:,3).*(1-0.029.*(26X(:,16))).*(1+0.2.*(7-X(:,17))); // backscattering coefficient (VV)
IAFE=X(:,4); /l incidence angle from elipsoid

PLIA=X(:,5); // projected local incidence angle

s=X(:,6);// roughness

epsilon=X(:,7).*(20.029.*(20X(;,16))).*(1+0.2.*(7-X(:,17))); // corrected dielectric permittivity

g=abs(tan(IAFE}s0h./s0v);// radar signal fluctuation

h=(X(:,8)min(X(:,8)))./(max(X(:,8)}min(X(:,8))); // normalized elevation
hc1=find(X(:,8)<60); // local topographic features clustering
tf1=find((X(:,8)<60)&(X(:,9)==1));
hc2=find((X(:,8)<120)&(X(:,8)>60));
tf2=find((X(:,8)<120)&(X(:,8)>60)&(X(:,9)==1));
hc3=find(X(:,8)>120);

tf3=find((X(:,8)>120)&(X(:,8)==1));

k1=max(X(tf1,8)); ifisemptyk1), k1=min(X(hc1,8))1; end;
k2=max(X(tf2,8)); ifisemptyk2), k2=min(X(hc2,811; end;
k3=max(X(tf3,8)); ifisemptyk3), k3=min(X(hc3,8h1; end;
k(hc1)=X(hc1,8)k1;

k(hc2)=X(hc2,8)k2;

k(hc3)=X(hc3,8)3;
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k(hcl)=k(hc1ymin(k(hcl))+1;

k(hc2)=k(hc2)min(k(h2))+1,;

k(hc3)=k(hc3)min(k(hc3))+1;

k(hcl)=k(hcl)/max(k(hcl));

k(hc2)=k(hc2)/max(k(hc2));

k(hc3)=k(hc3)/max(k(hc3)){/ local topographic features end

slope=X(:,10);// slope (radian)
aspect=X(:,11)// aspect (radian)

f 1=X(;,12); // mutualsurfacesensor orientation based IAFE
f P=X(;,13);// mutual surfacesensor orientation based PLIA

NDVI=X(;,14); // NDVI
V=X(:,15); /I vegetation fraction

T=log(X(:,16)+273.15);// temperature logarithm
U=X(:,1).*k.*sqrt(epsilon).N(V.AN1/2)).*f_LNV.ALA).I(F_1.24.*X(:,2).*s){/ onedimensional regressors combination

Y=[T.*s0h.*0.1,T./s0v.”*0.1,1./sin(IAFE).*25.5,cos(PLIA).~(sqrt(epsilon)+NDVI),f_.ANDVI,(sqgrt(epsilon)+NDVI.*2)./
f_P.~ abs(g)."2.3,1.Mst(epsilon)+abs(NDVI).~0.5),s.*(abs(NDVI).”0.2),k.*2./NDVI,NDVI.*2];multi-dimensional
regressors combination

clf(); plot(U,w,'+b"; // onedimensiobal data

[A,B,z]=reglin(Y',w"); // multi-linear regression

g=1-(z/stdew))"2; // determination cdécient

mprintf('"  multrdimensional regression determination coefficient = 0.9f);
S=(A*Y'+B)"; // multi-dimensional regressant moisture

[c,d,e]zreqlin(U',w"); /I multi-linear regression

r=1-(estdefw))"2; // determination coefficient

mprintf(' onedimensional regression determination coefficient = ' 9f;
O=c*U+d; // onedimensional regressant moisture

plot(U,0, r"); /I linear regression

/l Principal Components Analysis

Ym=mearY,'r"); Ys=stde\Y,'r); // ztransform parameters
fori=1:n, Yz(i,))=(Y(i,:)-Ym)./Ys; end,;
[lambdafactorsprincipals]9pcaYz);

/I clf(); show_pca(lambda,factors);

/I clf(); plot(cumsum(lamda(:,2)),'sr";

nf=6; // number of principal factors for 0.9134 information fraction
floads=sumiactorg:,1:nf).~2,'c)hf; // principal factor loads

/I exec('CXRESULT\Module_Data_Fusion.sci");
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Wy, % Qv vy v, 6l d t{ sm 0 h, ql y. wl{ 3 w6l f, tw{f, t Nv Pv T, "C | pHs [1 s®i] 1 OO
13.493064| 0.004581| 0.018809| 0.791147| 0.722471| 0.012| 21.714| 177 | O | 0.060467| 2.599999| 0.739284| 0.691428| 0.333326| 0.431480| 8.1 | 7.0 8 04.04.2019
14.924039| 0.003519] 0.014412| 0.791150] 0.730226| 0.011| 18.927| 177 | 0 | 0.048875| 2.446411| 0.730030| 0.687136] 0.358584| 0.534591| 7.6 | 7.0 9 04.04.2019
19.289340| 0.003289| 0.039936| 0.791153| 0.742910| 0.012| 26.755| 176 | O | 0.058076| 2.556279| 0.736913| 0.703524| 0.358194| 0.532915| 7.5 | 7.0 10 | 04.04.2019
22.736733] 0.006273] 0.081770] 0.791155] 0.752376] 0.012| 21.564] 176 | 0 | 0.065178] 2.594449| 0.741184] 0.714666] 0.352315] 0.508189] 7.6 | 7.0 11 | 04.04.2019
14.994934| 0.007193] 0.018786| 0.791161| 0.761366| 0.010 | 4.025 | 174 | 0 | 0.074717| 2.532438| 0.742893| 0.722694| 0.302750| 0.321413| 6.6 | 7.0 14 | 04.04.2019
8.626466 | 0.004268| 0.011735| 0.791184| 0.744059| 0.011| 4.884 | 176 | 0 | 0.071052| 2.166757| 0.725649| 0.692585| 0.308055| 0.340494| 6.0 | 7.0 | 16 | 04.04.2019
8.096515 | 0.010967| 0.037544] 0.791169] 0.768563| 0.010| 7.156 | 175 | O | 0.028964| 2.549315| 0.724215| 0.708451| 0.361247| 0546082 50 | 7.0 | 18 | 04.04.2019
8.430647 | 0.006566| 0.064155| 0.791160| 0.727339| 0.012| 42.192| 175 | 0 | 0.037875| 2.605410| 0.729200| 0.684106| 0.358012| 0.532390| 4.9 | 7.0 19 | 04.04.2019
9.002849 | 0.007393| 0.142766] 0.791155| 0.728813] 0.012| 7.463 | 176 | 0 | 0.048025| 2.591971| 0.733524] 0.689811| 0.345823] 0.481097| 5.3 | 7.0 20 | 04.04.2019
13.177983| 0.008668| 0.266826| 0.791144| 0.734776] 0.012| 4529 | 176 | 0 | 0.056278| 2.622427| 0.738052| 0.698932| 0.339010| 0.453682| 5.7 | 7.0 21 | 04.04.2019
13.103448| 0.008079] 0.176769| 0.791138] 0.751508| 0.012| 8.309 | 175 | 0 | 0.063685| 2.603700] 0.740819] 0.713686] 0.355362| 0.521010] 6.2 | 7.0 22 | 04.04.2019
14.781022| 0.007838] 0.025438| 0.791119] 0.745687| 0.011| 7.299 | 174 | 0 | 0.078872| 2.589807| 0.746884| 0.716026] 0.339660| 0.456678] 50 | 7.0 24 | 04.04.2019
17.831541| 0.007076| 0.024535| 0.791109| 0.743666| 0.011| 9.038 | 174 | 0 | 0.080159| 2.505455| 0.743831| 0.711437| 0.327496| 0.409407| 5.6 | 7.0 25 | 04.04.2019
20.631210] 0.004451] 0.024990| 0.791100| 0.764920| 0.011| 43.893| 173 | 0 | 0.085890| 2.364624| 0.738978] 0.721196| 0.335424| 0.439654] 56 | 7.0 26 | 04.04.2019
20.287081] 0.004981| 0.021666| 0.791093| 0.772802| 0.011| 13.658| 173 | 0 | 0.085859| 2.309699| 0.736062| 0.723637| 0.322073| 0.389126] 53 | 7.0 27 | 04.04.2019
20.259179] 0.007335] 0.021999] 0.791164] 0.753221] 0.010| 5.680 | 174 | 0 | 0.084431] 2.333278| 0.736975| 0.710959] 0.321815] 0.388313] 45 | 7.0 28 | 04.04.2019
20.230326| 0.008520| 0.017753| 0.791166| 0.738824| 0.010| 2.835 | 174 | 0 | 0.083570| 2.373665| 0.738798| 0.702727| 0.297386| 0.303808| 4.9 | 7.0 29 | 04.04.2019
18.370370| 0.006308| 0.011614] 0.791168| 0.735244| 0.010| 2.302 | 174 | O | 0.077732| 2.494861| 0.742495| 0.704050| 0.291723] 0.285715| 5.2 | 7.0 30 | 04.04.2019
19.428571| 0.004546] 0.010652| 0.791202] 0.781896| 0.010| 3.046 | 176 | 0 | 0.040476] 1.937577| 0.713530| 0.706990| 0.339345| 0.455280| 45 | 7.0 31 | 04.04.2019
17.015397| 0.004384| 0.011106] 0.791205| 0.770357| 0.010| 3.654 | 175 | O | 0.044266| 1.648963| 0.704752| 0.689837| 0.307448| 0.337281| 5.9 | 7.0 32 | 04.04.2019
27.528938] 0.004503| 0.011292] 0.791207| 0.765531| 0.010| 3.648 | 176 | 0 | 0.040871| 1.528135| 0.701933] 0.683444| 0.289223| 0.278645] 7.0 | 7.0 33 | 04.04.2019
24.428073] 0.003658] 0.017001| 0.791209| 0.766772| 0.011| 18.716| 176 | 0 | 0.035629] 1.867153] 0.711559] 0.694200| 0.283594| 0.260852| 7.0 | 7.0 34 | 04.04.2019
33.818694] 0.005900| 0.021621] 0.791136] 0.780230] 0.010| 7.746 | 177 | 0 | 0.029312] 3.162816] 0.730846| 0.723360| 0.333585| 0.433903] 6.1 | 7.0 | 35 | 04.04.2019
24.798599| 0.003764| 0.019014| 0.791068| 0.800424| 0.010 | 16.292| 171 | 0 | 0.052025| 3.619987| 0.745868| 0.752067| 0.286914| 0.270899] 6.4 | 7.0 36 | 04.04.2019
16.263345| 0.003809| 0.017850| 0.791213| 0.818811] 0.010| 10.641| 170 | O | 0.059285| 3.985581| 0.744801| 0.762909| 0.289175| 0.277734| 4.4 | 7.0 37 | 04.04.2019
17.964575| 0.003942] 0.021635| 0.791130] 0.819758| 0.010| 16.701| 168 | 0 | 0.069570| 4.305378| 0.739821| 0.758713| 0.337415| 0.447443| 46 | 7.0 38 | 04.04.2019
24.940456| 0.006342| 0.042985| 0.791220| 0.817686| 0.010| 37.695| 175 | 0 | 0.077821| 4.491535| 0.734538| 0.752145| 0.260750| 0.197438] 45 | 7.0 39 | 04.04.2019
14.350703| 0.003922] 0.022211| 0.791113] 0.776904| 0.011 35.984| 168 | 0 | 0.072321] 2.202745| 0.727543] 0.717769] 0.324798] 0.399596] 2.9 | 7.0 40 | 04.04.2019
14.875685| 0.005596| 0.027200| 0.791227]| 0.735226| 0.011| 39.407| 175 | 0 | 0.100023| 2.098706| 0.725962| 0.686711| 0.372754| 0.597246] 5.3 | 7.0 44 | 04.04.2019
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15.681919| 0.005664| 0.020613| 0.791092| 0.736689| 0.011 | 11.257| 171 | O | 0.069741| 2.489468| 0.739219| 0.701628| 0.361434| 0.546899| 5.9 7.0 46 04.04.2019
19.816874| 0.006417| 0.018174| 0.791236| 0.733229| 0.011| 5.589 | 168 | O | 0.042789| 2.599389| 0.731384| 0.690658| 0.363583| 0.556346| 6.3 7.0 a7 04.04.2019
8.013937 | 0.006128| 0.015457| 0.791077| 0.735580( 0.011| 4.210 | 165 | O | 0.052379| 2.382793| 0.729308| 0.690316| 0.324344| 0.398011| 4.9 7.0 48 04.04.2019
19.212411| 0.005411| 0.016591| 0.791246| 0.704951| 0.011| 8.649 | 165 | O | 0.093505| 2.514740| 0.749383| 0.689870| 0.330957| 0.422564| 5.5 7.0 49" 04.04.2019
10.674492| 0.008215| 0.040609| 0.648690| 0.577165| 0.015| 16.856| 177 | O | 0.057879| 2.688854| 0.638000| 0.581281| 0.387911| 0.399353| 13.2 6.0 51 09.04.2019
8.979021 | 0.015186| 0.078753| 0.648694| 0.587862| 0.014 | 17.904| 177 | O | 0.047513| 2.542945| 0.628189| 0.579659| 0.399148| 0.432043| 10.7 7.0 52 09.04.2019
4.716520 | 0.003785| 0.029897| 0.648702| 0.614369| 0.015| 7.398 | 175 | O | 0.070830| 2.556698| 0.640063| 0.613205| 0.347714| 0.291966| 12.2 7.0 53 09.04.2019
9.158489 | 0.007341| 0.037748| 0.648706| 0.608690| 0.014 | 34.710| 174 | 0 | 0.073803| 2.362722| 0.632300| 0.600701| 0.359265| 0.321492| 10.2 7.0 54 09.04.2019
11.040054| 0.007146| 0.037612| 0.648709| 0.597219| 0.015| 21.311| 174 | 0 | 0.071666| 1.773778| 0.599342| 0.557282| 0.364058| 0.333443| 11.4 7.0 55 09.04.2019
11.808742| 0.012216| 0.063303| 0.648711| 0.594492| 0.014 | 20.346| 173 | 0 | 0.079238| 1.622119| 0.589182| 0.544479| 0.328932| 0.247849| 13.6 7.0 56 09.04.2019
14.105263| 0.012299| 0.041653| 0.648713| 0.598691| 0.014 | 21.796| 177 | O | 0.084635| 1.807009| 0.600380| 0.559593| 0.370326| 0.350163| 11.5 7.0 57 09.04.2019
14.000000| 0.008760| 0.045178| 0.648714| 0.607314| 0.014 | 33.027| 177 | O | 0.079985| 1.888795| 0.605906| 0.572371| 0.416874| 0.486553| 12.9 7.0 58 09.04.2019
7.002122 | 0.009050| 0.064324| 0.648816| 0.662446| 0.130 | 30.147| 176 | O | 0.052663| 3.915978| 0.639926| 0.650413| 0.373879| 0.359781| 10.2 7.0 59 09.04.2019
7.260240 | 0.010807| 0.022494| 0.648908| 0.624634| 0.012| 4.736 | 170 | O | 0.085559| 4.208565| 0.649212| 0.630816| 0.442001| 0.569977| 11.1 7.0 61" 09.04.2019
10.486995| 0.011826| 0.061595| 0.648646| 0.594542| 0.014| 21.100| 170 | O | 0.111673| 1.874519| 0.604205| 0.560292| 0.378124| 0.371886| 14.6 7.0 63 09.04.2019
9.617954 | 0.007554| 0.052554| 0.648624| 0.586551| 0.015| 6.319 | 165 | O | 0.075450| 2.165831| 0.622109| 0.572313| 0.404255| 0.447247| 11.8 7.0 64 09.04.2019
9.007912 | 0.005901| 0.057901| 0.648596| 0.580065| 0.016| 2.971 | 164 | O | 0.037443| 2.476954| 0.621602| 0.566443| 0.424900| 0.512225| 11.2 7.0 65 09.04.2019
6.649007 | 0.012224| 0.028798| 0.648571| 0.602062| 0.013 | 9.169 | 163 | O | 0.049966| 2.303957| 0.621424| 0.584242| 0.409624| 0.463813| 12.9 7.0 66 09.04.2019
9.123783 | 0.005359| 0.026948| 0.648500| 0.581850| 0.015| 17.628| 159 | O | 0.044246| 1.743177| 0.600307| 0.545646| 0.386443| 0.394946| 12.5 7.0 68 09.04.2019
6.450822 | 0.008411| 0.020712| 0.648446| 0.586269| 0.014 | 14.280| 156 | O | 0.047700| 2.748667| 0.633442| 0.584077| 0.284384| 0.157281| 12.7 9.0 69 09.04.2019
8.120981 | 0.006707| 0.033064| 0.648468| 0.604441| 0.014 | 40.228| 158 | O | 0.065373| 2.391555| 0.630355| 0.595486| 0.357730| 0.317203| 11.7 8.5 70 09.04.2019
8.460532 | 0.005027| 0.033272| 0.648529| 0.615610| 0.015| 12.817| 163 | O | 0.068978| 2.395325| 0.631956| 0.605991| 0.406367| 0.453938| 9.3 6.5 71 09.04.2019
8.195834 | 0.006431| 0.037076| 0.648610| 0.553515| 0.016| 5.780 | 169 | 0 | 0.090428| 2.585740| 0.650912| 0.575941| 0.404824| 0.449029| 10.7 6.5 73 09.04.2019
7.564297 | 0.004909| 0.037184| 0.648643| 0.588865| 0.016 | 5.340 | 171 | O | 0.077433| 2.330329| 0.631811| 0.584332| 0.371141| 0.352313| 11.0 7.0 74 09.04.2019
8.230357 | 0.004269| 0.037171| 0.648648| 0.628545| 0.014 | 7.420 | 176 | O | 0.081326| 2.319560| 0.632495| 0.616637| 0.350074| 0.297819| 12.3 6.0 75 09.04.2019
13.523350| 0.003738| 0.028902| 0.648625| 0.615651| 0.015| 7.982 | 174 | 1 | 0.069611| 1.977999| 0.584208| 0.584187| 0.473270| 0.681708| 8.4 7.0 77 21.04.2019
13.363857| 0.002684| 0.031849| 0.648627| 0.594359| 0.016| 2.731 | 174 | 0 | 0.071248| 1.650832| 0.548389| 0.547759| 0.485055| 0.727068| 9.0 6.0 78 21.04.2019
26.957188| 0.002668| 0.033906| 0.648626| 0.599847| 0.016| 2.674 | 173 | 0 | 0.077845| 1.690795| 0.554143| 0.553585| 0.469523| 0.667854| 8.9 6.5 79" 21.04.2019
20.662739| 0.002811| 0.041258| 0.648640| 0.599608| 0.016| 2.276 | 177 | 0 | 0.083758| 1.861568| 0.564375| 0.564179| 0.511072| 0.830889| 9.0 6.5 80 21.04.2019
13.642687| 0.003632| 0.041793| 0.648610| 0.607625| 0.015| 3.344 | 172 | 1 | 0.095038| 1.857484| 0.570342| 0.570098| 0.456179| 0.619041| 9.4 5.5 81 21.04.2019
16.576380| 0.004384| 0.038308| 0.648593| 0.609254| 0.015| 5.422 | 170 | O | 0.107744| 1.948224| 0.578957| 0.578905| 0.488822| 0.741356| 9.4 6.5 82 21.04.2019
16.279515| 0.004729| 0.028398| 0.648588| 0.624225| 0.014 | 23.729| 170 | 0 | 0.081910| 1.888359| 0.586244| 0.586053| 0.482548| 0.716914| 8.7 6.8 83 21.04.2019
10.642202| 0.004255| 0.030718| 0.648580| 0.610423| 0.015| 8.716 | 169 | 1 | 0.066516| 2.210948| 0.591590| 0.591945| 0.474245| 0.685441| 8.9 7.0 84 21.04.2019
12.377315| 0.003492| 0.029710| 0.648557| 0.586340| 0.016| 4.073 | 170 | 0 | 0.098401| 2.504181| 0.599452| 0.601407| 0.468091| 0.662925| 8.9 7.0 85 21.04.2019
12.998882| 0.003158| 0.030107| 0.648529| 0.559435| 0.017 | 2.390 | 169 | O | 0.086126| 2.580958| 0.575466| 0.578223| 0.502711| 0.796606| 9.0 6.5 86 21.04.2019
8.450704 | 0.003390| 0.031441| 0.648535| 0.575275| 0.017| 3.032 | 168 | O | 0.064332| 2.235959| 0.563124| 0.563995| 0.458876| 0.628783| 9.4 7.0 87 21.04.2019
10.249997| 0.005172| 0.025471| 0.648545| 0.572487| 0.016 | 15.400| 167 | O | 0.065269| 2.309978| 0.564525| 0.565645| 0.467531| 0.660312| 9.9 7.0 88 21.04.2019
9.124767 | 0.005313| 0.028195| 0.648550| 0.582032| 0.015| 13.806| 167 | O | 0.080091| 2.481369| 0.586564| 0.588215| 0.498596| 0.780288| 9.2 7.0 89 21.04.2019
17.508463| 0.005692| 0.037998| 0.648558| 0.592816| 0.015| 7.891 | 168 | 0 | 0.089713| 2.133351| 0.577710| 0.578297| 0.501090| 0.790681| 10.1 7.5 90 21.04.2019
13.319696| 0.004690| 0.030089| 0.648532| 0.587703| 0.015| 7.987 | 165 | 0 | 0.043759| 2.367679| 0.571744| 0.572410| 0.517833| 0.859459| 9.5 6.5 91 21.04.2019
10.496183| 0.004098| 0.022637| 0.648532| 0.594407| 0.015| 15.889| 165 | 0 | 0.058107| 2.582826| 0.590682| 0.591794| 0.511838| 0.834090| 9.0 6.5 92 21.04.2019
15.050167| 0.003801| 0.025749| 0.648529| 0.618022| 0.015| 12.421| 167 | O | 0.056929| 2.260446| 0.597365| 0.597627| 0.467797| 0.661496| 9.1 6.5 93 21.04.2019
10.735147| 0.003660| 0.030585| 0.648524| 0.574390| 0.016 | 3.559 | 168 | 0 | 0.063379| 2.234021| 0.562027| 0.562893| 0.439241| 0.560013| 10.0 7.0 94 21.04.2019
12.653209| 0.004270| 0.032746| 0.648494| 0.625499| 0.014| 9.747 | 165 | 0 | 0.077316] 1.964333| 0.591934| 0.591831| 0.430518| 0.530749| 10.7 7.0 95 21.04.2019
4.521907 | 0.004281| 0.027414| 0.648503| 0.597297| 0.015| 9.681 | 166 | 0 | 0.066138| 2.074847| 0.573895| 0.574164| 0.399745| 0.434165| 11.7 7.0 96 21.04.2019
5.697082 | 0.004025| 0.024860| 0.648515| 0.598417| 0.015| 11.242| 166 | O | 0.055211| 2.313661| 0.582888| 0.583479| 0.369210| 0.347232| 13.1 7.0 97 21.04.2019
8.986476 | 0.003474| 0.021591| 0.648522| 0.593803| 0.015| 9.941 | 165 | 0 | 0.045197| 2.590645| 0.583742| 0.584627| 0.509175| 0.823255| 10.2 7.0 98 21.04.2019
1.922904 | 0.004906| 0.024800| 0.648531| 0.593204| 0.015| 23.502| 165 | O | 0.044986| 2.498195| 0.580631| 0.581412| 0.517668| 0.858494| 10.2 7.0 99" 21.04.2019
7.793414 | 0.003915| 0.023286| 0.648504| 0.561906| 0.016| 6.174 | 163 | O | 0.043499| 2.441698| 0.552169| 0.553279| 0.498911| 0.781368| 10.1 7.0 100 21.04.2019
11.525833| 0.002884| 0.027448| 0.648485| 0.650038| 0.014 | 8.682 | 164 | 0 | 0.070709| 1.925971| 0.609042| 0.608816| 0.510909| 0.830432| 10.0 7.0 101 21.04.2019
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8.552518 | 0.003189] 0.030803] 0.648472] 0.668640] 0.014 | 11.552] 163 | 0 | 0.083524] 1.817167] 0.616836] 0.616594] 0.449228] 0.594633] 9.9 | 7.0 | 102 | 21.04.2019
10.569149| 0.004803| 0.033319| 0.648463| 0.623344] 0.014 | 12.735| 163 | 0 | 0.077467| 2.036974] 0.594615| 0.594611 0.451353| 0.601979] 9.9 | 65 | 103 | 21.04.2019
34.820799] 0.010767| 0.030352| 0.628509| 0.717807] 0.011| 6.144 | 94 | 0 | 0.152382| 2.429586] 0.649763| 0.714166] 0.594753| 0.836555] 11.3 | 7.0 | 132 | 03.05.2019
31.435080] 0.008931| 0.027045| 0.628526] 0.649199] 0.012| 15.998| 94 | 0 | 0.150631| 5.319816] 0.540609| 0.557471| 0.588059| 0.813621] 11.3 | 7.0 | 133 | 03.05.2019
34.114583] 0.008985| 0.047518| 0.628543| 0.616265| 0.014 | 37.893| 95 | 0 | 0.113637| 4.867933| 0.594251| 0.584294] 0.582542| 0.795054] 10.6 | 7.0 | 134 | 03.05.2019
29.266749] 0.004350| 0.076373| 0.628562| 0.611164| 0.016| 2.159 | 94 | O | 0.097640] 4.590757| 0.614960] 0.601130| 0.561209] 0.724860| 115 | 7.0 | 135 | 03.05.2019
48.314351] 0.019801| 0.044722| 0.628590| 0.595112] 0.013| 8.258 | 92 | 0 | 0.065041| 5.275711| 0.571341| 0.543554] 0.579782| 0.785848] 11.6 | 7.0 | 136 | 03.05.2019
36.280719] 0.013576] 0.047640| 0.628542| 0.698102] 0.011| 15.637| 89 | O | 0.063488| 0.364730| 0.535713| 0.593112] 0.550520| 0.690961] 12.2 | 7.0 | 139 | 03.05.2019
43.922175| 0.005816| 0.041012| 0.628566| 0.664147] 0.013 | 33.005] 90 | O | 0.037728| 0.736946] 0.560384| 0.589506| 0.542623| 0.666310] 12.2 | 7.0 | 140 | 03.05.2019
41.078513] 0.009418| 0.023438| 0.628633| 0.553442] 0.015]| 30.678| 90 | O | 0.085406| 5.324511| 0.562465| 0.498958| 0.589607| 0.819267| 13.8 | 7.0 | 144 | 03.05.2019
44.903581] 0.010356] 0.029267| 0.628623| 0.596045| 0.014 | 29.201| 90 | O | 0.069669| 4.327387| 0.620708| 0.594837| 0.597233| 0.845135] 14.4 | 7.0 | 145 | 03.05.2019
42.511184] 0.008779] 0.028255| 0.628612| 0.623713] 0.013 | 38.829| 90 | 0 | 0.039973| 2.455312| 0.606305| 0.602444] 0.554876| 0.704648] 215 | 7.0 | 146 | 03.05.2019
44.517223] 0.006006| 0.014538] 0.628611| 0.629465| 0.013| 7.719 | 90 | 0 | 0.027880| 1.734779] 0.585506| 0.586230] 0.551871| 0.695173] 21.1 | 7.0 | 148 | 03.05.2019
23.190610] 0.004435| 0.035005| 0.636117| 0.633652| 0.014 | 10.601| 87 | O | 0.134747] 0.704982| 0.490891| 0.488814| 0.435976] 0.378390| 156 | 7.0 | 156 | 03.05.2019
26.539278] 0.009901 0.025851| 0.636090| 0.609016| 0.013 | 13.704| 87 | 0 | 0.109841| 0.924007| 0.520725| 0.497575| 0.455156] 0.424161| 156 | 7.0 | 157 | 03.05.2019
37.846669] 0.015007| 0.029407| 0.636037| 0.653916] 0.011| 3.427 | 85 | 0 | 0.061827| 3.324172| 0.642411| 0.656015] 0.470381| 0.462439] 152 | 7.0 | 159 | 03.05.2019
26.518941] 0.003871| 0.033348] 0.636138| 0.662567| 0.014 | 14.255| 89 | 0 | 0.098276] 0.422200| 0.513267| 0.535781| 0.454802| 0.423314| 16.4 | 7.0 | 163 | 03.05.2019
33.453398] 0.018769| 0.038004] 0.636062| 0.655450] 0.011| 3.690 | 89 | O | 0.050487| 1.259712| 0.571139| 0.586974| 0.443746| 0.396613] 17.6 | 7.0 | 167 | 03.05.2019
19.442313| 0.012910] 0.077085| 0.648614] 0.596757| 0.014 | 12.184| 170 | 1 | 0.116790] 1.870469] 0.603627| 0.561557| 0.621710] 0.752257| 17.4 | 7.0 | 169 | 15.05.2019
15.979381] 0.015622| 0.086820] 0.648611| 0.593987| 0.014 | 15.198| 170 | 0 | 0.107453| 1.983357| 0.613564| 0.569583| 0.641522| 0.811612| 16.9 | 7.0 | 170 | 15.05.2019
12.318983| 0.008032| 0.084221| 0.648606| 0.590046] 0.016| 3.058 | 168 | 0 | 0.092747| 2.069402| 0.618906] 0.571885| 0.623490] 0.757636] 175 | 7.0 | 171 | 15.05.2019
10.985460] 0.015470] 0.067052| 0.648575| 0.565178| 0.015 | 25.086| 169 | 1 | 0.074309| 2.344972| 0.631470| 0.564696] 0.599775| 0.689125| 17.5 | 7.0 | 174 | 15.05.2019
8.838449 | 0.015480| 0.035174] 0.648586] 0.576161] 0.014 | 10.601| 167 | 0 | 0.076534| 2.358132| 0.632943| 0.575249] 0.595582| 0.677383] 18.6 | 7.0 | 176 | 15.05.2019
11.548150] 0.007369| 0.051555| 0.648556] 0.592242| 0.015| 6.854 | 167 | 0 | 0.050320] 2.560241] 0.629980] 0.585199] 0.571031] 0.610785| 19.7 | 7.0 | 180 | 15.05.2019
8.570554 | 0.013078| 0.040748] 0.648535| 0.617843] 0.013 | 36.375| 166 | 0 | 0.066157| 2.070728] 0.615206] 0.590599| 0.438320| 0.309788] 18.3 | 7.0 | 181 | 15.05.2019
12.786260] 0.015753| 0.039227| 0.648535| 0.631235] 0.012| 8.420 | 165 | 0 | 0.077082] 2.056574] 0.615950] 0.602055| 0.587929| 0.656296] 17.9 | 7.0 | 183 | 15.05.2019
8.557845 | 0.007953| 0.023859| 0.791186] 0.725896| 0.011| 6.867 | 169 | 0 | 0.073916] 2.307203| 0.732889| 0.687118| 0.381458| 0.766863] 7.9 | 7.0 1 | 30.03.2021
9.302326 | 0.004730| 0.048453] 0.791170] 0.713611] 0.012 | 24.539| 168 | 0 | 0.069353| 2.291390] 0.730965| 0.676085| 0.348865| 0.593738] 8.0 | 7.0 2 | 30.03.2021
8.763522 | 0.013312| 0.013656] 0.791118] 0.764998| 0.011| 16.383| 163 | 0 | 0.080109] 2.066330] 0.721793] 0.703553| 0.373537| 0.72274| 8.0 | 7.0 | 5 | 30.03.2021
9.967250 | 0.018403| 0.036230] 0.791101] 0.74995 | 0.009 | 2.487 | 162 | 0 | 0.075913| 2.170614] 0.726673| 0.697919] 0.330095| 0.504128] 7.0 | 7.0 6 | 30.03.2021
8.320638 | 0.006636| 0.031033] 0.791068| 0.738848] 0.011| 30.107| 160 | O | 0.068441| 2.274513] 0.729927| 0.693373| 0.414765| 0.535841] 8.8 | 7.0 8 | 30.03.2021
11.825726] 0.005135| 0.075995| 0.791093| 0.751559] 0.013| 8.056 | 160 | 0 | 0.068030] 2.015244] 0.718076] 0.690105] 0.345761] 0.579313| 8.0 | 7.0 | 10 | 30.03.2021
13.384052| 0.013500| 0.030109] 0.791164] 0.752202| 0.010| 3.079 | 167 | O | 0.061693] 2.190667| 0.724938] 0.697627| 0.371026] 0.709187| 8.1 | 7.0 | 14 | 30.03.2021
13.921569] 0.007172| 0.023770] 0.791174] 0.720789] 0.011| 9.610 | 166 | 0 | 0.069138| 2.274810] 0.730186] 0.680501| 0.391216] 0.822929| 8.3 | 7.0 | 17 | 30.03.2021
15.719276] 0.006285| 0.015898] 0.791158| 0.74794 | 0.010| 3.996 | 166 | O | 0.058451| 2.416705| 0.732541] 0.702501| 0.357136] 0.635725| 9.0 | 7.0 | 18 | 30.03.2021
5.227867 | 0.008052| 0.021166| 0.791140] 0.738808| 0.010| 4.557 | 165 | 0 | 0.056571| 2.298319] 0.727806] 0.691013| 0.308925] 041273 | 89 | 7.0 | 19 | 30.03.2021
8.132249 | 0.007264] 0.034081| 0.791123] 0.786411] 0.010| 15.027| 164 | 0 | 0.071931] 1.932045| 0.714233] 0.710914] 0.336862] 0.535816] 8.4 | 7.0 | 20 | 30.03.2021
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13.493064| 0.004581 | 0.018809 | 0.791147| 0.722471| 0.012 | 21.714| 177 | 0 | 0.060467| 2.599999| 0.739284| 0.691428| 0.333326| 0.431480| 5.693457 | 7.0° 8 04.04.2019
14.924039| 0.003519 | 0.014412 | 0.791150| 0.730226| 0.011| 18.927 | 177 0 | 0.048875| 2.446411| 0.730030| 0.687136| 0.358584| 0.534591| 5.559845 | 7.0° 9 04.04.2019
19.289340( 0.003289 | 0.039936 | 0.791153| 0.742910| 0.012 | 26.755| 176 | 0 | 0.058076| 2.556279| 0.736913| 0.703524| 0.358194| 0.532915| 5.565539 | 7.0° 10 04.04.2019
22.736733| 0.006273 | 0.081770 | 0.791155| 0.752376| 0.012 | 21.564| 176 0 | 0.065178| 2.594449| 0.741184| 0.714666| 0.352315| 0.508189| 5.599736 | 7.0° 11 04.04.2019
14.994934| 0.007193 | 0.018786 | 0.791161| 0.761366| 0.010 | 4.025 174 | 0 | 0.074717| 2.532438| 0.742893| 0.722694| 0.302750| 0.321413| 5.855101 | 7.0° 14 04.04.2019
8.626466 | 0.004268 | 0.011735 | 0.791184| 0.744059| 0.011| 4.884 176 | 0 | 0.071052| 2.166757| 0.725649| 0.692585| 0.308055| 0.340494| 5.835564 | 7.0° 16 04.04.2019
8.096515 | 0.010967 | 0.037544 | 0.791169| 0.768563| 0.010 | 7.156 175 | 0 | 0.028964| 2.549315| 0.724215| 0.708451| 0.361247| 0.546082| 5.549211 | 7.0° 18 04.04.2019
8.430647 | 0.006566 | 0.064155 | 0.791160| 0.727339| 0.012 | 42.192| 175 | 0 | 0.037875| 2.605410| 0.729200| 0.684106| 0.358012| 0.532390| 5.567647 | 7.0 19 04.04.2019
9.002849 | 0.007393 | 0.142766 | 0.791155| 0.728813| 0.012 | 7.463 176 | 0 | 0.048025| 2.591971| 0.733524| 0.689811| 0.345823| 0.481097| 5.635570 | 7.0° 20 04.04.2019
13.177983| 0.008668 | 0.266826 | 0.791144| 0.734776| 0.012 | 4.529 176 | 0 | 0.056278| 2.622427| 0.738052| 0.698932| 0.339010| 0.453682| 5.672221 | 7.0 21 04.04.2019
13.103448| 0.008079 | 0.176769 | 0.791138| 0.751508| 0.012 | 8.309 175 | 0 | 0.063685| 2.603700| 0.740819| 0.713686| 0.355362| 0.521010| 5.582968 | 7.0° 22 04.04.2019
14.781022| 0.007838 | 0.025438 | 0.791119| 0.745687| 0.011 | 7.299 174 | 0 | 0.078872| 2.589807| 0.746884| 0.716026| 0.339660| 0.456678| 5.670114 | 7.0° 24 04.04.2019
17.831541| 0.007076 | 0.024535 | 0.791109| 0.743666| 0.011 | 9.038 174 | 0 | 0.080159| 2.505455| 0.743831| 0.711437| 0.327496| 0.409407| 5.731336 | 7.0 25 04.04.2019
20.631210| 0.004451 | 0.024990 | 0.791100| 0.764920| 0.011 | 43.893| 173 | O | 0.085890| 2.364624| 0.738978| 0.721196| 0.335424| 0.439654| 5.691696 | 7.0° 26 04.04.2019
20.287081| 0.004981 | 0.021666 | 0.791093| 0.772802| 0.011| 13.658| 173 | O | 0.085859| 2.309699| 0.736062| 0.723637| 0.322073| 0.389126| 5.758989 | 7.0 27 04.04.2019
20.259179| 0.007335 | 0.021999 | 0.791164| 0.753221| 0.010 | 5.680 174 | 0 | 0.084431| 2.333278| 0.736975| 0.710959| 0.321815| 0.388313| 5.760720 | 7.0° 28 04.04.2019
20.230326| 0.008520 | 0.017753 | 0.791166| 0.738824| 0.010 | 2.835 174 | 0 | 0.083570| 2.373665| 0.738798| 0.702727| 0.297386| 0.303808| 5.874670 | 7.0 29 04.04.2019
18.370370| 0.006308 | 0.011614 | 0.791168| 0.735244| 0.010 | 2.302 174 | 0 | 0.077732| 2.494861| 0.742495| 0.704050| 0.291723| 0.285715| 5.900341 | 7.0 30 04.04.2019
19.428571| 0.004546 | 0.010652 | 0.791202| 0.781896| 0.010 | 3.046 176 | 0 | 0.040476| 1.937577| 0.713530| 0.706990| 0.339345| 0.455280| 5.676374 | 7.0 31 04.04.2019
17.015397| 0.004384 | 0.011106 | 0.791205| 0.770357| 0.010 | 3.654 175 | 0 | 0.044266| 1.648963| 0.704752| 0.689837| 0.307448| 0.337281| 5.836728 | 7.0 32 04.04.2019
27.528938| 0.004503 | 0.011292 | 0.791207| 0.765531| 0.010 | 3.648 176 1 | 0.040871| 1.528135| 0.701933| 0.683444| 0.289223| 0.278645| 5.918840 | 7.0 33" 04.04.2019
24.428073| 0.003658 | 0.017001 | 0.791209| 0.766772| 0.011| 18.716| 176 1 | 0.035629| 1.867153| 0.711559| 0.694200| 0.283594| 0.260852| 5.945455 | 7.0 34 04.04.2019
33.818694| 0.005900 | 0.021621 | 0.791136| 0.780230| 0.010| 7.746 177 | 0 | 0.029312| 3.162816| 0.730846| 0.723360| 0.333585| 0.433903| 5.717871 | 7.0 35 04.04.2019
24.798599| 0.003764 | 0.019014 | 0.791068| 0.800424| 0.010| 16.292| 171 | O | 0.052025| 3.619987| 0.745868| 0.752067| 0.286914| 0.270899| 5.941019 | 7.0 36" 04.04.2019
16.263345| 0.003809 | 0.017850 | 0.791213| 0.818811| 0.010 | 10.641| 170 | O | 0.059285| 3.985581| 0.744801| 0.762909| 0.289175| 0.277734| 5.936804 | 7.0° 37 04.04.2019
17.964575| 0.003942 | 0.021635 | 0.791130| 0.819758| 0.010 | 16.701| 168 | 0 | 0.069570| 4.305378| 0.739821| 0.758713| 0.337415| 0.447443| 5.710823 | 7.0° 38 04.04.2019
24.940456| 0.006342 | 0.042985 | 0.791220| 0.817686| 0.010 | 37.695| 175 | O | 0.077821| 4.491535| 0.734538| 0.752145| 0.260750| 0.197438| 6.051162 | 7.0 39" 04.04.2019
14.350703| 0.003922 | 0.022211 | 0.791113| 0.776904| 0.011 | 35.984| 168 1 | 0.072321| 2.202745| 0.727543| 0.717769| 0.324798| 0.399596| 5.757354 | 7.0 40 04.04.2019
14.875685| 0.005596 | 0.027200 | 0.791227| 0.735226| 0.011 | 39.407| 175 | 0 | 0.100023| 2.098706| 0.725962| 0.686711| 0.372754| 0.597246| 5.511018 | 7.0° 44 04.04.2019
15.681919| 0.005664 | 0.020613 | 0.791092| 0.736689| 0.011 | 11.257| 171 | 0 | 0.069741| 2.489468| 0.739219| 0.701628| 0.361434| 0.546899| 5.580766 | 7.0° 46 04.04.2019
19.816874| 0.006417 | 0.018174 | 0.791236| 0.733229| 0.011 | 5.589 168 | 0 | 0.042789| 2.599389| 0.731384| 0.690658| 0.363583| 0.556346| 5.571045 | 7.0 47 04.04.2019
8.013937 | 0.006128 | 0.015457 | 0.791077| 0.735580| 0.011| 4.210 165 | 0 | 0.052379| 2.382793| 0.729308| 0.690316| 0.324344| 0.398011| 5.772643 | 7.0 48 04.04.2019
19.212411| 0.005411 | 0.016591 | 0.791246| 0.704951| 0.011 | 8.649 165 | 0 | 0.093505| 2.514740| 0.749383| 0.689870| 0.330957| 0.422564| 5.723565 | 7.0 49 04.04.2019
10.674492| 0.008215 | 0.040609 | 0.648690| 0.577165| 0.015| 16.856| 177 | O | 0.057879| 2.688854| 0.638000| 0.581281| 0.387911| 0.399353| 11.594825| 6.0 51 09.04.2019
8.979021 | 0.015186 | 0.078753 | 0.648694| 0.587862| 0.014 | 17.904 | 177 | 0 | 0.047513| 2.542945| 0.628189| 0.579659| 0.399148| 0.432043| 11.514326| 7.0 52 09.04.2019
4.716520 | 0.003785 | 0.029897 | 0.648702| 0.614369| 0.015| 7.398 175 | 0 | 0.070830| 2.556698| 0.640063| 0.613205| 0.347714| 0.291966| 11.230740| 7.0 53 09.04.2019
9.158489 | 0.007341 | 0.037748 | 0.648706| 0.608690( 0.014 | 34.710| 174 | 1 | 0.073803| 2.362722| 0.632300| 0.600701| 0.359265| 0.321492| 11.157514| 7.0 54 09.04.2019
11.040054| 0.007146 | 0.037612 | 0.648709| 0.597219| 0.015| 21.311| 174 | 1 | 0.071666| 1.773778| 0.599342| 0.557282| 0.364058| 0.333443| 11.129237| 7.0 55 09.04.2019
11.808742| 0.012216 | 0.063303 | 0.648711| 0.594492| 0.014 | 20.346| 173 | 0 | 0.079238| 1.622119| 0.589182| 0.544479| 0.328932| 0.247849| 11.339434| 7.0 56 09.04.2019
14.105263| 0.012299 | 0.041653 | 0.648713| 0.598691| 0.014 | 21.796| 177 | O | 0.084635| 1.807009| 0.600380| 0.559593| 0.370326| 0.350163| 11.089764| 7.0 57 09.04.2019
14.000000| 0.008760 | 0.045178 | 0.648714| 0.607314| 0.014 | 33.027| 177 | 0 | 0.079985| 1.888795| 0.605906| 0.572371| 0.416874| 0.486553| 10.134317| 7.0 58 09.04.2019
7.002122 | 0.009050 | 0.064324 | 0.648816| 0.662446| 0.130 | 30.147| 176 0 | 0.052663| 3.915978| 0.639926| 0.650413| 0.373879| 0.359781| 10.722818| 7.0 59 09.04.2019

159



7.260240 | 0.010807 | 0.022494 | 0.648908| 0.624634| 0.012| 4.736 | 170 | O | 0.085559| 4.208565| 0.649212| 0.630816| 0.442001| 0.569977| 12.407907| 7.0 61" 09.04.2019
10.486995| 0.011826 | 0.061595 | 0.648646| 0.594542| 0.014 | 21.100| 170 | 1 | 0.111673| 1.874519| 0.604205| 0.560292| 0.378124| 0.371886| 11.036888| 7.0 63 09.04.2019
9.617954 | 0.007554 | 0.052554 | 0.648624| 0.586551| 0.015| 6.319 | 165 | 1 | 0.075450| 2.165831| 0.622109| 0.572313| 0.404255| 0.447247| 10.854069| 7.0 64 09.04.2019
9.007912 | 0.005901 | 0.057901 | 0.648596| 0.580065| 0.016 | 2.971 | 164 | 0 | 0.037443| 2.476954| 0.621602| 0.566443| 0.424900| 0.512225| 11.320228| 7.0 65 09.04.2019
6.649007 | 0.012224 | 0.028798 | 0.648571| 0.602062| 0.013 | 9.169 | 163 | 0 | 0.049966| 2.303957| 0.621424| 0.584242| 0.409624| 0.463813| 12.055917| 7.0 66 09.04.2019
9.123783 | 0.005359 | 0.026948 | 0.648500| 0.581850| 0.015| 17.628 | 159 | 0 | 0.044246| 1.743177| 0.600307| 0.545646| 0.386443| 0.394946| 13.452763| 7.0 68 09.04.2019
6.450822 | 0.008411 | 0.020712 | 0.648446| 0.586269| 0.014 | 14.280| 156 | 1 | 0.047700| 2.748667| 0.633442| 0.584077| 0.284384| 0.157281| 14.060306| 9.0 69 09.04.2019
8.120981 | 0.006707 | 0.033064 | 0.648468| 0.604441| 0.014 | 40.228| 158 | O | 0.065373| 2.391555| 0.630355| 0.595486| 0.357730| 0.317203| 13.650292| 8.5 70 09.04.2019
8.460532 | 0.005027 | 0.033272 | 0.648529| 0.615610| 0.015| 12.817| 163 | O | 0.068978| 2.395325| 0.631956| 0.605991| 0.406367| 0.453938| 13.304841| 6.5 71 09.04.2019
8.195834 | 0.006431 | 0.037076 | 0.648610| 0.553515| 0.016| 5.780 | 169 | 1 | 0.090428| 2.585740| 0.650912| 0.575941| 0.404824| 0.449029| 12.092203| 6.5 73 09.04.2019
7.564297 | 0.004909 | 0.037184 | 0.648643| 0.588865| 0.016 | 5.340 | 171 | 0 | 0.077433| 2.330329| 0.631811| 0.584332| 0.371141| 0.352313| 11.708749| 7.0 74 09.04.2019
8.230357 | 0.004269 | 0.037171 | 0.648648| 0.628545| 0.014 | 7.420 | 176 | 1 | 0.081326| 2.319560| 0.632495| 0.616637| 0.350074| 0.297819| 11.842861| 6.0 75 09.04.2019
34.820799| 0.010767 | 0.030352 | 0.628509| 0.717807| 0.011| 6.144 94 0 | 0.152382| 2.429586| 0.649763| 0.714166| 0.594753| 0.836555| 13.660140| 7.0 132 03.05.2019
31.435080| 0.008931 | 0.027045 | 0.628526| 0.649199| 0.012 | 15.998| 94 0 | 0.150631| 5.319816| 0.540609| 0.557471| 0.588059| 0.813621| 13.917459| 7.0 133" 03.05.2019
34.114583| 0.008985 | 0.047518 | 0.628543| 0.616265| 0.014 | 37.893| 95 0 | 0.113637| 4.867933| 0.594251| 0.584294| 0.582542| 0.795054| 14.031818| 7.0 134 03.05.2019
29.266749| 0.004350 | 0.076373 | 0.628562| 0.611164| 0.016 | 2.159 94 0 | 0.097640| 4.590757| 0.614960| 0.601130| 0.561209| 0.724860| 14.191479| 7.0 135 03.05.2019
48.314351| 0.019801 | 0.044722 | 0.628590| 0.595112| 0.013 | 8.258 92 0 | 0.065041| 5.275711| 0.571341| 0.543554| 0.579782| 0.785848| 14.078475| 7.0 136 03.05.2019
36.280719| 0.013576 | 0.047640 | 0.628542| 0.698102| 0.011| 15.637| 89 0 | 0.063488| 0.364730| 0.535713| 0.593112| 0.550520| 0.690961| 13.988884| 7.0 139 03.05.2019
43.922175| 0.005816 | 0.041012 | 0.628566| 0.664147| 0.013 | 33.005| 90 0 | 0.037728| 0.736946| 0.560384| 0.589506| 0.542623| 0.666310| 13.995767| 7.0 140 03.05.2019
41.078513| 0.009418 | 0.023438 | 0.628633| 0.553442| 0.015| 30.678| 90 0 | 0.085406| 5.324511| 0.562465| 0.498958| 0.589607| 0.819267| 14.002198| 7.0 144 03.05.2019
44.903581| 0.010356 | 0.029267 | 0.628623| 0.596045| 0.014 | 29.201| 90 0 | 0.069669| 4.327387| 0.620708| 0.594837| 0.597233| 0.845135| 13.841126| 7.0 145 03.05.2019
42.511184| 0.008779 | 0.028255 | 0.628612| 0.623713| 0.013 | 38.829| 90 0 | 0.039973| 2.455312| 0.606305| 0.602444| 0.554876| 0.704648| 14.119547| 7.0 146 03.05.2019
44.517223| 0.006006 | 0.014538 | 0.628611| 0.629465| 0.013| 7.719 90 1 | 0.027880| 1.734779| 0.585506| 0.586230| 0.551871| 0.695173| 13.681690| 7.0 148 03.05.2019
23.190610| 0.004435 | 0.035005 | 0.636117| 0.633652| 0.014 | 10.601| 87 0 | 0.134747| 0.704982| 0.490891| 0.488814| 0.435976| 0.378390| 15.676613| 7.0 156 03.05.2019
26.539278| 0.009901 | 0.025851 | 0.636090| 0.609016| 0.013 | 13.704| 87 1 | 0.109841| 0.924007| 0.520725| 0.497575| 0.455156| 0.424161| 15.675542| 7.0 157 03.05.2019
37.846669| 0.015007 | 0.029407 | 0.636037| 0.653916| 0.011| 3.427 85 1 | 0.061827| 3.324172| 0.642411| 0.656015| 0.470381| 0.462439| 15.658503| 7.0 159" 03.05.2019
26.518941| 0.003871 | 0.033348 | 0.636138| 0.662567| 0.014 | 14.255| 89 0 | 0.098276| 0.422200| 0.513267| 0.535781| 0.454802| 0.423314| 15.586909| 7.0 163 03.05.2019
33.453398| 0.018769 | 0.038004 | 0.636062| 0.655450| 0.011| 3.690 89 0 | 0.050487| 1.259712| 0.571139| 0.586974| 0.443746| 0.396613| 15.793849| 7.0 167 03.05.2019
3.476634 | 0.005617 | 0.075639 | 0.619101| 0.593086| 0.016 | 2.322 36 1 | 0.051388| 1.047571| 0.550284| 0.528007| 0.270538| 0.088393| 21.392345| 7.0 1 21.06.2019
2.741479 | 0.003596 | 0.096518 | 0.619110| 0.551257| 0.015| 15.207| 38 0 | 0.074126| 1.338746| 0.550693| 0.492285| 0.253489| 0.070679| 21.133634| 7.0 2" 21.06.2019
3.310368 | 0.007159 | 0.080451 | 0.619135| 0.578247| 0.016 | 2.417 40 0 | 0.051060| 1.582171| 0.569702| 0.535155| 0.268033| 0.085700| 20.517439| 7.0 5 21.06.2019
2.869534 | 0.005163 | 0.045732 | 0.619142| 0.584934| 0.016 | 3.716 41 0 | 0.046867| 1.676665| 0.574174| 0.545381| 0.258808| 0.076019| 20.983913| 7.0 6 21.06.2019
3.884241 | 0.005665 | 0.049105 | 0.619151| 0.588785| 0.016 | 4.075 42 0 | 0.046907| 1.752956| 0.577072| 0.551546| 0.268117| 0.086021| 21.104660| 7.0 7 21.06.2019
3.888447 | 0.004902 | 0.056533 | 0.619159| 0.575206| 0.017 | 2.264 41 0 | 0.037520| 1.792209| 0.579032| 0.542280| 0.261541| 0.078805| 20.892699| 7.0 8 21.06.2019
10.316067| 0.006753 | 0.063502 | 0.619169| 0.551222| 0.017 | 2.201 41 0 | 0.015072| 1.114251| 0.572314| 0.515197| 0.258816| 0.076005| 21.705924| 7.0 9 21.06.2019
5.608871 | 0.007888 | 0.043443 | 0.619175| 0.529895| 0.017 | 4.300 41 0 | 0.018409| 2.376109| 0.588153| 0.513539| 0.265739| 0.083223| 21.691880| 7.0 10 21.06.2019
5.203561 | 0.005658 | 0.041067 | 0.619081| 0.580857| 0.016| 5.174 35 1 | 0.037338| 1.051482| 0.558708| 0.526334| 0.277560| 0.096351| 21.450246| 7.0 11 21.06.2019
4.830771 | 0.003828 | 0.036166 | 0.619091| 0.582159| 0.016 | 3.229 38 0 | 0.049746| 1.393757| 0.562761| 0.531412| 0.274644| 0.092983| 22.537997| 7.0 12 21.06.2019
4.019817 | 0.005018 | 0.106845 | 0.619100| 0.549687| 0.015| 18.717| 38 0 | 0.072824| 1.808126| 0.577943| 0.519372| 0.276513| 0.095134| 22.533706| 7.0 13 21.06.2019
3.904369 | 0.004523 | 0.148261 | 0.619107| 0.539406| 0.015| 12.339| 40 0 | 0.085603| 1.752119| 0.573322| 0.505676| 0.262186| 0.079501| 21.409374| 7.0 147 21.06.2019
5.771974 | 0.009481 | 0.049679 | 0.619123| 0.574671| 0.015| 12.227| 39 0 | 0.066200| 1.734908| 0.574365| 0.536822| 0.272175| 0.090197| 21.968460| 7.0 16 21.06.2019
5.354046 | 0.007746 | 0.059309 | 0.619131| 0.588995| 0.015| 5.246 41 0 | 0.064546| 1.710889| 0.573295| 0.547732| 0.267706| 0.085337| 21.107040| 7.0 17 21.06.2019
7.247858 | 0.005552 | 0.059246 | 0.619140| 0.592342| 0.016 | 3.066 40 0 | 0.057975| 1.691716| 0.573230| 0.550506| 0.266281| 0.083796| 22.269255| 7.0 18 21.06.2019
6.448436 | 0.007339 | 0.039020 | 0.619148| 0.575119| 0.015| 11.754| 41 0 | 0.045435| 1.462806| 0.566741| 0.529515| 0.257922| 0.075081| 21.968834| 7.0 19 21.06.2019
11.462264| 0.008890 | 0.055329 | 0.619156| 0.554381| 0.016 | 4.814 41 0 | 0.029538| 2.549734| 0.596093| 0.542646| 0.244792| 0.062348| 21.988755| 7.0 20" 21.06.2019
3.798077 | 0.004756 | 0.026186 | 0.619070| 0.569197| 0.016 | 9.037 36 0 | 0.038822| 1.689823| 0.575675| 0.533822| 0.271423| 0.089464| 23.399046| 7.0 21 21.06.2019
5.108370 | 0.008232 | 0.021379 | 0.619078| 0.565929| 0.015| 31.530| 36 0 | 0.051387| 2.206515| 0.595211| 0.551234| 0.279711| 0.098912| 22.526614| 7.0 22 21.06.2019
5.606838 | 0.007301 | 0.064004 | 0.619087| 0.544698| 0.017 | 2.235 38 0 | 0.062318| 1.963461| 0.586317| 0.523980| 0.268204| 0.085848| 23.122793| 7.0 23 21.06.2019
3.654164 | 0.007458 | 0.045897 | 0.619102| 0.557263| 0.016 | 5.180 39 0 | 0.082377| 1.658244| 0.567412| 0.514796| 0.254797| 0.072004| 22.001773| 7.0 25 21.06.2019
8.298442 | 0.008204 | 0.074538 | 0.619110| 0.570997| 0.016 | 2.963 39 0 | 0.074459| 1.624285| 0.566803| 0.525886| 0.261671| 0.078972| 21.989877| 7.0 26 21.06.2019

160




3.012615 | 0.008070 | 0.098564 | 0.619118| 0.573559| 0.016 | 2.084 39 0 | 0.071637| 1.612346| 0.566698| 0.527960| 0.246580| 0.063995| 22.842852| 7.0° 27 21.06.2019
7.967058 | 0.006011 | 0.049642 | 0.619126| 0.573534| 0.016 | 3.584 41 0 | 0.064813| 1.558523| 0.565369| 0.526617| 0.251175| 0.068610| 22.296317| 7.0° 28 21.06.2019
3.723883 | 0.010798 | 0.068138 | 0.619135| 0.566738| 0.016 | 5.749 41 0 | 0.060092| 1.449096| 0.561466| 0.516845| 0.267028| 0.084595| 23.123631| 7.0 29 21.06.2019
8.557845 | 0.0079532| 0.0238592| 0.791186| 0.725896| 0.011 | 6.867 169 | 0 | 0.073916| 2.307203| 0.732889| 0.687118| 0.381458| 0.766863| 7.981895| 7.0 1 30.03.2021
9.302326 | 0.0047301| 0.0484532| 0.791170| 0.713611| 0.012 | 24.539| 168 1 | 0.069353| 2.291390| 0.730965| 0.676085| 0.348865| 0.593738| 8.379065 | 7.0 2 30.03.2021
8.763522 | 0.0133123| 0.0136556| 0.791118| 0.764998| 0.011 | 16.383| 163 | 0 | 0.080109| 2.066330| 0.721793| 0.703553| 0.373537| 0.722740| 8.088442 | 7.0 5 30.03.2021
9.967250 | 0.0184025| 0.0362303| 0.791101| 0.74995 | 0.009 | 2.487 162 0 | 0.075913| 2.170614| 0.726673| 0.697919| 0.330095| 0.504128| 8.571602 | 7.0 6 30.03.2021
8.320638 | 0.0066357| 0.0310332| 0.791068| 0.738848| 0.011| 30.107| 160 0 | 0.068441| 2.274513| 0.729927| 0.693373| 0.414765| 0.535841| 7.331228 | 7.0 8" 30.03.2021
11.825726| 0.0051351| 0.0759953| 0.791093| 0.751559| 0.013 | 8.056 160 | 0 | 0.068030( 2.015244| 0.718076| 0.690105| 0.345761| 0.579313| 8.443840 | 7.0 10 30.03.2021
13.384052| 0.0135002| 0.0301093| 0.791164| 0.752202| 0.010| 3.079 167 0 | 0.061693| 2.190667| 0.724938| 0.697627| 0.371026| 0.709187| 8.091303 | 7.0 14 30.03.2021
13.921569| 0.0071715| 0.0237696| 0.791174| 0.720789| 0.011| 9.610 166 | 0 | 0.069138| 2.274810| 0.730186| 0.680501| 0.391216| 0.822929| 7.875824 | 7.0 17 30.03.2021
15.719276| 0.0062845| 0.0158976| 0.791158| 0.74794 | 0.010 | 3.996 166 0 | 0.058451| 2.416705| 0.732541| 0.702501| 0.357136| 0.635725| 8.275556 | 7.0 18 30.03.2021
5.227867 | 0.0080523| 0.0211655| 0.791140| 0.738808| 0.010 | 4.557 165 | 0 | 0.056571| 2.298319| 0.727806| 0.691013| 0.308925| 0.412730| 8.794470 | 7.0 19 30.03.2021
8.132249 | 0.0072635| 0.0340812| 0.791123| 0.786411| 0.010 | 15.027| 164 | 0 | 0.071931| 1.932045| 0.714233| 0.710914| 0.336862| 0.535816| 8.566775| 7.0 20 30.03.2021

‘fsdz! 59’ HOdg opHeMElkd* * Pz ez b dz' Istctso @dg'H nH]
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[ BHOIC |
vdnrndz ydz' R OOCIsjtedMmMisdSd Mkt kzlsdzd

1. ujndd ydz COwOSlkjtdmisdSd MbkiklsddS e

v OB dzd yw
MmMOOSCIsjtedmisdSd € OdzE&EIM+o HEDHU z1s dzd € ° o
] esmisst
s OOdq |L7ETM+ | LgoL | BBN o
ltedB Jted ) >
Od; tgls LJtsldz 0,430,45
g ddz 2 0,450,52 | 0,450,51
) _4’ dzj dzd 2| 0,520,60 | 0,530,59 30
Yy J tgo tsdzd | 0,630,69 | 0,640,67
1l dzd 3y dz' 2 | 0,770,90 | 0,850,88
SWIR | 1,551,75| 1,571,65
SWIR Il 2,092,35|2,11-2,29
] Odzn tets 30 Is| 0,52-0,90 | 0,500,68 15
1 jtedmlis® 1,361,38 30
v OB dzd y v
Udndzg ydz' ~OwIBOM/JIRS MiIsd ¢ d
OO L O EmeE I 11 dzlssets 2013 ¢
Orbital Sciences Corporation (OS@&Z¢ ¢ B ' .9
i sLtetsB dzd € General DynamicsAdvanced Information Systen
BalAer ospace (d4z¢
[fitOltste NASA, USGS (uz¢)
[ OMO, ¢C@¢ 2623
[tB ' IsO: 4 s dzV - detdzr t6 ts dzdz0©
odMmMslsO, ¢ 705 ¢
&zZzO~ ddz, GCtO] 98,2
it OH" Bd3J Isted Y
tetsL to° L dzj dzdz' f 12
B'Is/ ' ¢CMmj d&z
Zzdted dzO M3z G ¢
¢ ds 185
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1 Jt" sHdydz Ml
H' B

16

1 d2' &30 dz' dz0@ Ot

OLI IO TI RS

ydmdzts § dzj &3 ¢
& dz 26

6000 (OLI; 18000 PAN), 1500 (TIRS)

zodHL Mt 1§

265(0LI), 26,2(TIRS)

HOdzdr, [B'IS]
v OB dzd yv
ujRde Ul FOLOCIs ] tcGdnmelZMS! fiz § z1s dzd ¢
[ OlsO LOfEMmSEz 23 Ud teo dz¥ SenndiZA) tets €

7 BjtojL dgv Sehih@iZB) s d

{ 5L totsB dzd €

EADS Astrium Satellites( A tc O )Xixdzd dz'
Airbus Defence and Space)

(1] cOLBE ESA

[OMmO 1200 Cg¢

[teB ' O: 4 5 dgV - datdzr to ts dzdz0O
s dMslsO, ¢ 786 €
©ZOL dd&z, CctOH 98,5

{ OH' B Isted yda

tetsL o L dzj dzdz’" Ml 12

B s/ ' Cfj d

ZzdteddoO mKzed

¢ & 290

1 Jte" sHdydz' mis 10
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v OB dzd yvw

s jSstcOd d H' OPOISBded fj delste’ o

COROd dad 2

W stedkkze Od
L sBteOY j i

C OdzOdz' dzd 2
W stedkze Od
L sBteOY j

S2A S2B
| & ) l osfyls st
A dzlste O zdtedds( A j dals tc O tetsL to' L d7
¢ O oG Hsoyd(¢ H' Of OL HsaxddH.z‘gl;,ngzg d3
nodd |, dzd3 ~odadz ,
1 4427 21 442,3 21 60
2 492,4 66 492,1 66 10
3 559,8 36 559,0 36 10
4 664,6 31 665,0 31 10
5 704,1 15 703,8 16 20
6 740,5 15 739,1 15 20
7 782,8 20 779,7 20 20
8 832,8 106 833,0 106 10
8a 864,7 21 864,0 22 20
9 945,1 20 943,2 21 60
10 1373,5 31 1376,9 30 60
11 1613,7 91 1610,4 94 20
12 2202,4 175 2185,7 185 20
v OB d&zd yvw
MmOtcOCIsjtedMmMisdSCd Mz Ezlsdzd ¢ tso t5° mdmls
P2 | PS2.SD | PSBSD
[tB ' sO: 4 s dzV - detizn to s dzdzO
o dMtsls O, 450580
&ZOr ddz, ¢ ~908
[OomO s¢, ¢ 4,7
sdf fmj demtst Yyelsdte! ts yislsdte! ts| 1 tsf)-Cdgfdz0 dz!

ftedmiste
% stedklzo Od
L sBteOY j

CsdzB ' dets o tesL H' dz' ( tetsL H' dz' (
W odz IStets W odz Stets W odz IStets
v jCtcOdzr d2' H' Of OL tsdzd, dzds
-ltedBJted Y
OjtesL sd 431-452
-eddz 2 455- 515 464- 517 465515
-1 4 oz deq 2 500- 590 547- 585
") 4 &2 ldzq 2 513- 549
-1 4 dzj ltzd 2
rselsd2 547-583
Y j o Bdzq 2 600- 620
v jteo tsdzd 2 590- 670 650- 682 650- 680
-1 dzd )y dz' 2 u 697- 713
780- 860 846- 888 845- 885
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l tsMiststetso |

totsL o' L dzj da ~3,7d3
ZzOH dtc" ) , 1

tsL g tod ] 24 X 8 24 x 16 | 32,5x 19,6
1 jto" SHJydz 1

L2BABSCd, H]
t OH' sd3j Ists |
tetsL t6' L dzj dazf 12 B' s
B ' Is/ " CMmj

v OB dzd yvw
6l jCltieOd d LOwLOCk,jtdmisdSd Isjf dso d EOS dz
MODIS
. K] dzstcOd
: 1 d3] v J Clstc O
lthLdzOuc;dchOdZ( HY Of OL B Htso ) d dzO

B3¢ o3

20 3660 3.840 3.750

5 B j Okt 21 3,029 3.989 3.959
fsojtndd / o 22 3.929 3,089 3.959
23 4.020 4,080 4.05

. | 24 4.433 4,498 4.4655

v B JLOEZLO —0p 4,487 4.549 4.5155
27 6.535 6.895 6715

I'snvwo 080 f—0f 71757.475 7325
] ZOMmsdo M| 29 8 400 8.700 855
[Ld 30 9.580 9,880 9.73

5] ®Bf j OO 31 | 10,78011,280 11,03
fso jtends / o 32 | 1177012270 12,02

33 | 13,185 13.485 13,335

- 34 | 13.48513,785 13,635

IdinslsO =~ B3 1"1378514.085 13,935

36 | 14,085 14,385 14.235
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v OB dzd yvw
MmMOteOSCIsjtedmisd ¢ d Is EQSREODIP L7 BETMdzh &8RS

, Landsat7
] Otc O3y Ist EOSMODIS ETM+ Landsat8 TIRS
l dMslsO0 it 705
1 dBjte § O 31 32 6 10 11
r Badggddsdzo " 10.7811.28 11,74 12,27 10.4012.50| 10.611.19 {11.5612.51
Z d tcd dzO f dst 2330 185
l tsfMiststety
BEL 6 L dzj d2 1000 60 100
Yy OfMmistsls ©
f 5o lstste dat 1-2 16 16
My sMmisj 6 4.
So0dkzsize O
H Oz T Is 12 8 12
v OB dzd yw
vJ adz ydz ~n OtcOCIsjtedmMisd S d twOArESIHEG-X. Mz { |

TanDEM-X Is @QLOS-2

1 OL 9 O s ¢|TerraSARX | TanDEMX ALOS-2
t 5L tetsB dzd | DLR, ADS Astrium GmbH Mitsubishi Electric Corporation
J§JtOlstste| Astrium GEQInformaﬂon JAXA
Services
[ Os©O© L Of | 15.06.2007 \21.06.2010 24.05.2014
JteB ' O: t 15 dzV - datdz- 6 ts d 4 5 daW - detizn to s dzdz
odmtsls O, 514,8 628
dzO~ d dz, 97.44 97,9
1 dzOs W stcd3 AstroBus
Of f OtcOls Iz SARX-H" Of OL ®© PALSAR-2 L-H " Off OL 5
Cklsd N 2-85
9" Hnaddzj d4
GtcOH
I soy ddzO
f & 3,1 23,6
tddds L 2] HS SL StripMap | SpotLight | StripMap | ScanSAR
l esmisstets| 1 2 3
tetsL to' L dzj ) 1i 3 3i 10 100
16
(j3 < < <
zdweddzO M101[{10I 3015040
C 3 15150 25 50i 70 350
10071 1
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JHd Ol [Hdd2Ot [ HddzQ [ Hd dzQ [ H d d&zC
VV/VH; VV/HH,; HH/VV; HH/VV; HH/VV;
] sH9 ' ] sH9 ' 1 sH9 '
PedvedL O Ly HH+VV, HH+HV,
HH+HV, VV+VH
VV+VH
1 jto" sHdYy 2,54,5 14
L2B&GCJ,
1 slsikzy dz' M 800 5200
t sL A& t& s 4,91 2, 4 9,916,5I 3,
[ OMO s ¢, 1230 \ 1340 2120
v OB d&zd yvw
vjadg ydz ¢ Ot®Rbtisejlted fiyls d € d
1 OLo O s¢ SentinellA, SentinellB
i sLtetsB dzd € ThalesAlenia Spacdtaly, Airbus DefenceandSpace
[ itOlsBte ESA
OO0 LOfEkmMSCE 03.04.2014 (SentinelA), 26.04.201Sentineil1B)
[teB ' IsO: 4 5 dzv -y detdzr te 5 dzdzO
odMmMtslsO, C¢& 693
zOnr ddz, GtcOH 98,1
1 slskydz mis+ , 11Is 5300
it LB 6 s¢, o3 3,912,612,5
[ OMO s¢, €C¢ 2280

1 sdzvtedL Oy' w

[ H J dzOmHIE \RY)

OB {5 Hid/H\2GEER /(H)

ZzodHC " MIs! f jtejH 520
ltosiststets o
tiddd L26s&s tgtsLtsﬁ?Ldszzd 2qLddo M
(rangel azimuth) , ¢ L2Bdtd,
Strip Map Mode (SM) 5 I 5 80
Interferometric Wide Swath (IW) 5 1 20 250
Extra-Wide Swath Mode (EW) 25 1 100 400
Wave-Mode (OCN) 5 1 20 20 | 20
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CHdsMdZO MY jCleOd C

]

[ dh. 2.

vl jCteOd dz0 yklsdds ' fls:

TIRS Is @O0S MODIS

N !

¢ OdzO &z’ 157 ERVj+fLEzs 6 5 ¢ 5

LI L7TIR(s OdzOdz 6
S A ——L8TIRSE OdzOdz 1
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[ BHOILEE |
bUJmdzg ydg' rOOSCIjtedmMisdSd fteddzOH' 9 odd3 tc
fsCtcd o oz daldz

v OB d&zd yw
U ndz ydz ~n OtOCIs] ted Mlis RepifestddRezts ¢ 5 d3"° tot
[ Of OLtsdz o d B et hCO®O ©'H 0,0 HE 9,
o dzse sl 7 tg
stesS odd3 to¥ o Odzd 0,1 (1%)
I sL B t8d o Bdsac 265x50x20 &®B
] Oc 0 §ted dzOH 60 ¢
rsoy ddzO § dzj S I 150 d3d3
r o3 st jdzj ¢ 6 &dA3
rdmg dzj 2 LCD wndMmfdzj?
r do dzj dzdzv BOOtej2¢d 3 = 1,5V
sjted dz Mmazzy B d 10001200 odd3 te¢ o O0
l JtetsB dzd & Luster Leaf (42
v OB dzd yw

bVdnmndg ydg' ~OwGOCIsjtedMmMisdSd B OGROEBW ISR "
WALCOM AMT -300

. Co I Mo ' Isdzp letzgts* Mls+ , €
] OtcOd3j Isted o dd3 tet o 5] &k j 6Ok kizO

I Mo " Isdzj dz' M| LOW-, LOW, LOW+, NOR, NOR, NOR+,
(9 L deOyyJ dg' | HGH-, HGH, HGH+

I sdzts¢ ' fls! | DRY+ DRY, NOR, WET, WET+
L&dosgtogtgsdﬁjdzislsmia)fnls 3.4-9.0 (©OL©)"j dad ]
vj &3 jteOlkzte| -9~50AC (16~122 AF) (
1AF)
r d o dzj dzdz™ 1 OOLjY 91 (ldf 6F2
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B

viise d JjSMf dzzOBOY' |5 ~ 40 A w
] OB Oted ) ted dzOH 122x63x36 Mmd3
2z [dORj Iste 5 &d3, H dzd dzO
l 0c 0O 70,5 ¢
l dtetse dzd € Walker
v OB dzd yvw
vd adz ydz ~ OtcOC Is j tc Baistech GMIBLL tc d3ts d3 Is te
[ Of OLtsdz 9 dd3 to¥ o Odzds 50 UC HWts 300
t L' L dzgj dzdz’ fyls 0, UQ His 1000BC¥I10PD
1 sndBSO o9ddi tt o Odz N 0, 1%
[Hdddy' odd3 tk 1. Uc/ UF
[ " Of OL sdz esBBBYdna Isj 1. ss 0 Hts 40U0C
] OB OtdIsd 1. 72 B3 x 29 B3 x
1l 0c 0O 1. 160 ¢
v OB dzddyw
vJ mdz ydz ~n OtcOCIsjtedmMisdSd §tced dzOH H dzw
Isj B J cOIlskztced t5B8BI200¢Is" © TemPr o
SsOlsjeteg’ W gffjydw' ¢Oy' w
[ * Of OL sdz o d d3-50... +1200
stsyWwW'' y ‘“dals Isje' H 0.1 HB 1.0 1
odftesd3’ dzt 9 Ok
JIlsdydzed?2 HBL|D:S,50:1
i sBBYO 9% dzsc|10-95
i sBsYyO Isj &3 j|0...40
gl J CIstcOdz! dzd 2/8-14
BS B
v B JcOskztedzjjlg 0. 1 fted <1000
o
v sydz mis! dB N 1
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[ SHOIS 7
tdLizd IsOIsdY dadiplg fRtA dzd ¢ so dm 0 d B t6¥

1. sOwlsmMojkd kjMmlssodrs H' dvdss

HIUIL ol onociiscoruiny

D TecToBI AIISHKH
+ 04-04-2019
+ 09-04-2019
+ 21-04-2019
+ 03-05-2019 5 10 xm N
+ 15-05-2019 RN g e h

in, (c) OpenStreethap contributors, and the GIS user
mmmmmmmmm

I S—

tdm. .r vliMmMlsse’ H' dvWdSd H&ZW 9" HfttOY® o
sflsdydzdrs SO wWOHOWdds HOdZd~ L d3j Istss 9o (
ftso jtohd MyJOf sdztsy § dedz? IsSEtsd 8 5 b BY bizfp Gzc
stsytss odd3 tcv 9 O0dzr o BB HOFEBHE] MEBBY BARsH ] d
tetsL 3 N jdadagw bisysS odd3 to¥ 9 Odzi ¢f datf i@ ; Is
tesL 3" N jdadzy IssyYss odd3' tos o Odzi ¢cd ddzji D & (e
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0 250 kM _ j \’U% w
| & )
[ Tecrosa ninsiuxa
+ 21-06-2019
0
0 5 10 km
0 110 220 m [ |
c. Tepniexa | | | L
- e Esri, HERE, Garmin, (c) OpenStreetMap contributors, and the GIS user community
tdf). . T vlimMBco0 H' " &S O -~ 4 HdY o HYteO

Sflsdydzdrs SO ©OHOWdzd~ HOdzdrs L d3jIstsE 9

f OOdzj Istc ' os QLigdipdifs e  sdztsy j dedev s | Mistso 5

[ S sdzOT tot®L, @3'BN | dedz" o s 5 Q iz o g g ©n Is i dzvv dzS
cujtocdz 9aC0Oeé
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F OO ffsd Yy Of tijtstsatj Utjd31;[cjteotlslztso Ol
U od g ¥ o odd3 tc¥ 9 O f so' Btcw ,
to 1 to 2 To1 tor1 | Toz2| to2
04/04/2019 6:06 7:34 1.6 5.4
09/04/2019 6:35 8:16 11.1 12.5
1 21/04/2019 6:47 7:59 55 5:00 | 11.4| 8:00
15/05/2019 7:20 8:02 14.4 19.2
22/05/2019 6:40 7:58 12.2 17.9
2 8:02 9:.01 12.7 8:00 | 17.2| 11:00
3 03/05/2019 12:09 12:47 17.2 11:00 | 17.5| 14:00
4 22/06/2019 6:40* 8:20* 20.5 | 5:00 | 27.5| 8:00
*lIssyded2 Yyom ¢
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2. 19 JjH]dZ sOBdzdy' (dz sedm o©dd3 tct ¢
v OB d&zd yvw
VLOGCOdz daj dz' tojLizdzt sOIsd dzOL j dzded = f °
- okd 8 j toj Hdg L dzOyJ dzdzv sils
W,% | pHy | T, | TuqnB | NDVI |+, ctc@ L BOL
03.04.2019| 1 | 17,68| i 586 | 18,21 | 0,33 | 4533 | 40
09.04.2019| 1 90 | 705 |11,83| 17,46 | 0,38 | 37,17 26
21.04.2019| 1 | 12,0 | 6,77| 9,7 i 0,48 | 37,16 27
03.05.2019| 2 | 3155| i | 1567| 27,7 | 046 | 36,45 12
03.05.2019| 3 | 4052 i |14,14| 246 | 057 | 36,01 20
15.05.2019| 1 | 1228 | 7,0 | 17,91 i 0,6 | 37,16 15
22.05.2019| 1 | 142 | i i i 0,6 | 45,33 21
21.06.2019| 4 | 508 | i i 46,98 | 0,27 | 3547 | 30
30.03.2021| 1 | 10,7 | 7,0 | 812 | 14,0 | 0,36 | 4533 20
I iy s| 211
v OB dzd @w
r Olsd O yom ftetseo jHjdadzw §5dz soadma HBMO



v OB dzd Bw
1o9JHJdd?2 (tsdz sod2 ) mtB)dz® dz Isdizd (€ jsSdgdech~ HiSMdz" H Y § dz

.S‘SIS‘S‘G”dgdZOLS ' 1060 Ml I sdse’| | sdse'| | sdse v jwos| Y BIIED
[oko M dEBOd &b 1 Bdl 10O o (e | 1068 woygnd odd Y o v oqes wwag 298 B s g
1 dz. b an.n |0 B ¢ 8 d ¢ B fn % (Rapitest), % | ( ¢ [ v ),20 (Benetech, (128(;?) Lg-
0404209 | 50.3535 | 305014 8 63.99589 50.00375 | 22.00588] 13.49306 0 - 81 - -
04.04.2019 | 50.3534 | 30.5013 9 61.89639 56.70207 | 21.89702] 14.92404 0 - 76 - -
04.04.2019 | 50.3533 | 30.5012 10 61.89639 5539572 | 21.60484] 19.28934 0 - 75 - -
04.04.2019 | 50.3532 | 30.5012 11 58.69271 51.89655 | 22.00588] 22.73673 0 - 76 - -
04.04.2019 | 50.3532 | 30.5012 1 60.20124 54.69588 | 22.09919] 16.88931 0 - 7.4 - -
04.04.2019 | 50.353 | 30.5011 12 58.10174 53.49839 | 22.79902] 14.99493 0 - 6.6 - -
04.04.2019 | 50.3529 | _ 30.501 15 48.39738 4500708 | 21.8037 | 14.61126 0 - 72 - -
04.04.2019 | 50.3528 | 30.501 16 82.70478 77.89926 | 22.1925 | 8.626466 0 - 6 - -
04.04.2019 | 50.3527 | 30.5009 17 65.7066 50.00375 | 21.60484] 17.96582 0 - 6.6 - -
04.04.2019 | 50.3532 | _30.5005 18 85.30104 80.60528 | 2250685 8.096515 0 - 5 - -
04.04.2019 | 50.3532 | 30.5007 19 81.10294 76.49959 | 21.89702] 8.430647 0 - 4.9 - -
04.04.2019 | 50.3532 | 30.5008 20 80.80745 75.89307 | 2130605 9.002849 0 - 53 - -
04.04.2019 | 50.3532 | _ 30.501 21 66.00208 60.90107 | 22.1925 | 13.17798 0 - 5.7 - -
04.04.2019 | 50.3532 | 30.5011 22 73.20259 67.29289 | 22.1925 | 13.10345 0 - 6.2 - -
04.04.2019 | 50.3532 | 30.5012 23 54.69588 48.80504 | 22.1925 | 21.72394 0 - 5.4 - -
04.04.2019 | 50.3532 | 30.5014 24 71.10309 64.80450 | 22.1925 | 14.78102 0 - 5 - -
04.04.2019 | 50.3532 | 30.5015 25 62.39405 56.20441 | 21.49267| 17.83154 0 - 56 - -
04.04.2019 | 50.3532 | 30.5016 26 48.89504 4340523 | 16.79601] 20.63121 0 - 56 - -
04.04.2019 | 50.3532 | _30.5018 27 60.6989 5410401 | 21.60153] 20.28708 0 - 53 - -
04.04.2019 | 50.3532 | 30.5019 28 64.69573 57.40101 | 21.39936] 20.25918 18 - 45 - -
04.04.2019 | 50.3531 | 30.5021 29 70.20109 62.00526 | 21.49267] 20.23033 0 - 4.9 - -
04.04.2019 | 50.3531 | 30.5022 30 71.50744 63.79372 | 21.8037 | 18.37037 0 - 5.2 - -
04.04.2019 | 50.3529 | _30.5004 31 67.19958 50.79689 | 21.60484] 19.42857 0 - 45 - -
04.04.2019 | 50.3527 | _30.5003 2 67.89941 61.19656 | 21.8037 | 17.0154 0 - 5.9 - -
04.04.2019 | 50.3526 | 30.5002 33 60.20124 51.69437 | 20.79283| 27.52894 21 - 7 - -
04.04.2019 | 50.3526 | 30.5002 34 72.09841 62.30074 | 22.1925 | 24.42807 18 - 7 - -
04.04.2019 | 50.3524 | 30.5001 35 66.49974 5530241 | 22.1925 | 33.81869 0 - 6.1 - -
04.04.2019 | 50.3522 | _ 305 36 77.10611 66.0954 | 21.60484] 24.7986 7.7 - 6.4 - -
04.04.2019 | 50.3521 | 30.4998 37 73.00042 65.89322 | 22.1925 | 16.26335 15 - 4.4 - -
04.04.2019 | 50.3519 | 30.4997 38 73.00042 65.00677 2051 | 17.96458 45 - 4.6 - -
04.04.2019 | 50.3518 | 30.4995 39 79.29892 67.89941 | 22.1925 | 24.94046 46 - 45 - -
04.04.2019 | 50.3528 | 30.5014 | 40 64.40024 50.00375 | 21.39936] _ 14.3507 0 - 2.9 - -
04.04.2019 | 50.3525 | 30.5015 42 64.30693 58.10174 | 21.39936] 16.90678 0 - 6.2 - -
04.04.2019 | 50.3524 | 30.5018 43 66.29757 50.4081 | 21.30605| 18.08163 0 - 6.9 - -
04.04.2019 | 50.3523 | 30.5017 44 64.49355 50.00375 | 22.09919] 14.87568 0 - 53 - -
04.04.2019 | 50.3521 | 30.5018 45 64.49355 56.09555 | 22.00919] 24.70265 15 - 6.8 - -
04.04.2019 | 50.3521 | 30.5021 46 63.29606 57.80625 | 22.79902] 15.68192 0 - 5.9 - -
04.04.2019 | 50.3521 | 30.5023 47 46.40674 41.69453 | 17.91574] 19.81687 0 - 6.3 - -
04.04.2019 | 50.3524 | 30.5025 48 89.50004 84.49324 | 22.00588] 8.013937 0 - 4.9 - -
04.04.2019 | 50.3529 | 30.5026 49 68.70811 61.19656 | 22.00919] 19.21241 0 - 55 - -
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09.04.2021 | 50.35351| 30.50129 20 67.89941 63.40492 21.3 10.67449 1.8 - 13.2 11 6
09.04.2021 | 50.35337| 30.50123 400 82.59592 77.60377 22.00588| 8.979021 1.8 Dry+ 10.7 10 7
09.04.2021 | 50.35307| 30.50107 365 80.10762 77.49491 22.1 4.71652 0 Dry 12.2 12 7
09.04.2021 | 50.35289| 30.50101 374 78.89457 74.1046 21.8037 9.158489 0 Dry+ 10.2 10 7
09.04.2021 | 50.35263| 30.50092 383 72.90711 67.8061 21.60153| 11.04005 0 Dry+ 11.4 10 7
09.04.2021 | 50.35237| 30.50084 367 94.10429 86.49943 22.09919| 11.80874 25 Dry+ 13.6 10 7
09.04.2021 | 50.3522 30.50076 376 81.19625 73.90243 22.1925 14.10526 38 Wet+ 11.5 11 7
09.04.2021 | 50.35199| 30.50068 363 73.60694 67.29289 22.1925 14 4.5 Wet+ 12.9 11 7
09.04.2021 | 50.3525 30.49946 377 76.5929 73.00042 21.69484| 7.002122 1.9 Wet+ 10.2 9 7
09.04.2021 | 50.35256| 30.49862 | 37A008 82.70478 77.4016 21.69484| 9.519821 0 Dry+ 12.1 10 7
09.04.2021 | 50.35261| 30.49832 375 90.10746 85.50411 22.09919 7.26024 0 Dry+ 11.1 11 7
09.04.2021 | 50.35208| 30.50119 9 81.89608 75.09992 20.79283| 12.51432 2.6 Dry+ 14.3 10 7
09.04.2021 50.352 30.50164 389 83.99558 78.10143 21.89702 10.487 3 Wet+ 14.6 10 7
09.04.2021 50.352 30.50196 379 85.30194 79.70327 21.49267| 9.617954 2 Wet+ 11.8 10 7
09.04.2021 | 50.35194| 30.50236 378 77.89926 73.29591 22.1925 9.007912 15 Dry 11.2 10 7
09.04.2021 | 50.35193| 30.50271 373 84.80428 80.90076 22.1925 6.649007 0 Dry 12.9 10 7
09.04.2021 | 50.35186| 30.50314 233 88.89442 84.89759 22.1925 6.374008 0 Dry+ 10.6 11 7
09.04.2021 | 50.35176| 30.50365 235 83.20244 78.10143 22.1925 9.123783 0 Dry+ 12.5 10 7
09.04.2021 | 50.3522 30.50448 255 90.29409 86.20395 22.79902| 6.450822 0 Dry+ 12.7 11 9
09.04.2021 | 50.35239| 30.50421 368 92.79793 87.49475 22.1925 8.120981 1 Dry+ 11.7 12 8.5
09.04.2021 | 50.35269| 30.50342 319 86.29726 81.30511 22.3 8.460532 15 Dry+ 9.3 10 6.5
09.04.2021 | 50.35286| 30.50276 393 88.89442 82.59592 21.69484| 10.34219 15 Wet+ 10.1 10 7.8
09.04.2021 | 50.35293| 30.50233 4 83.60679 78.89457 21.39936| 8.195834 0 Dry 10.7 10 6.5
09.04.2021 | 50.35281| 30.50184 6 76.5929 72.70493 21.30605| 7.564297 0 Dry+ 11 10 7
09.04.2021 | 50.35339| 30.50186 395 94.1976 88.7078 22.00588| 8.230357 2.3 - 12.3 12 6
09.04.2021 | 50.35354| 30.50056 384 97.4946 94.30646 21.8037 4.397254 0 Nor 12.7 12 7
21.04.2019 | 50.3527 30.5011 77 72 65.9 20.79283| 13.52335 7 Dry+ 8.4 7 0
21.04.2019 | 50.3525 30.501 78 70.6 64.8 21.39936| 13.36386 6 Dry+ 9 8 35
21.04.2019 | 50.3523 30.501 79 88.1 74 21.69484| 26.95719 6.5 Dry+ 8.9 7 3
21.04.2019 | 50.3521 30.5007 80 80.2 70.2 21.8037 20.66274 6.5 Dry+ 9 7 6
21.04.2019 50.352 30.5011 81 85.5 77.9 22.1925 13.64269 5.5 Nor 9.4 7 4.5
21.04.2019 | 50.3522 30.5014 82 85.3 76.3 22.00588| 16.57638 6.5 Nor 9.4 7 2.3
21.04.2019 | 50.3524 30.5015 83 86.6 77.5 21.60153| 16.27952 6,8 Dry+ 8.7 7 0
21.04.2019 | 50.3527 30.5017 84 81.6 75.8 21.3 10.6422 7 Dry+ 8.9 8 0
21.04.2019 | 50.3529 30.502 85 80.3 73.9 22.1925 12.37731 7 Dry+ 8.9 8 15
21.04.2019 | 50.3529 30.5024 86 89.5 81.7 21.69484| 12.99888 6.5 Dry+ 9 8 0
21.04.2019 | 50.3526 30.5023 87 83.2 78.4 21.6 8.450704 7 Dry+ 9.4 8 0
21.04.2019 | 50.3524 30.5021 88 78.5 73.2 21.49267 10.25 7 Dry+ 9.9 8 0
21.04.2019 | 50.3523 30.502 89 80.9 76 22.3 9.124767 7 Dry+ 9.2 8 0
21.04.2019 | 50.3521 30.5019 90 71 63.7 22.00588| 17.50846 7.5 Dry+ 10.1 7 1.6
21.04.2019 50.352 30.5022 91 80.6 73.7 21.89702 13.3197 6.5 Dry 9.5 7 0
21.04.2019 | 50.3522 30.5023 92 80.1 74.6 22.2 10.49618 6.5 Dry+ 9 7 0
21.04.2019 | 50.3525 30.5024 93 66.4 61.9 32 15.05017 6.5 Dry+ 9.1 8 0
21.04.2019 | 50.3526 30.5025 94 74.8 69.7 22.1925 10.73515 7 Dry+ 10 8 0
21.04.2019 | 50.3525 30.5029 95 68.1 62.9 21.8037 12.65321 7 Dry+ 10.7 8 0
21.04.2019 | 50.3524 30.5027 96 103.7 100.2 22.79902| 4.521907 7 Dry+ 11.7 8 0
21.04.2019 | 50.3524 30.5025 97 92.6 88.8 22.09919| 5.697082 7 Dry+ 13.1 7 0
21.04.2019 | 50.3522 30.5024 98 79.1 74.4 22.09919| 8.986476 7 Dry+ 10.2 8 0
21.04.2019 50.352 30.5022 99 80 78.9 21.69484| 1.922904 7 Dry+ 10.2 8 0
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21.04.2019 | 50.3519 30.5026 100 86.5 81.8 21.49267| 7.793414 7 Dry+ 10.1 8 0
21.04.2019 | 50.3521 30.5029 101 63.8 59.5 22.1925 11.52583 7 Dry+ 10 9 0
21.04.2019 | 50.3522 30.5031 102 88.1 82.9 22.09919| 8.552518 7 Dry+ 9.9 8 0
21.04.2019 | 50.3524 30.5033 103 74.5 69.5 22.1925 10.56915 6.5 Dry+ 9.9 9 0
03.05.2019 | 50.2684 30.7394 130 86.15729 67.33954 22.1925 41.68102 7.3 Dry+ 10.5 - -
03.05.2019 | 50.2683 30.7392 131 105.9082 82.8914 22.1925 47.57695 6.3 - 11.3 - -
03.05.2019 | 50.2683 30.739 132 128.3028 104.0419 22.09919 34.8208 6 - 11.3 -
03.05.2019 | 50.2683 30.7388 133 123.3262 101.8647 21.6 31.43508 6.8 - 11.3 - -
03.05.2019 | 50.2682 30.7385 134 113.2175 92.84459 21.3 34.11458 6.3 - 10.6 - -
03.05.2019 | 50.2682 30.7383 135 120.3714 100.6205 21.30605| 29.26675 25 - 115 - -
03.05.2019 | 50.2684 30.738 136 114.9282 88.02351 20.79283| 48.31435 5.8 - 11.6 - -
03.05.2019 | 50.2685 30.7382 137 131.4132 106.3747 22.2 34.84848 7.3 - 12.4 - -
03.05.2019 | 50.2686 30.7384 138 135.4567 108.7075 21.69484| 35.68083 7.9 - 12.6 - -
03.05.2019 | 50.2687 30.7387 139 109.9516 89.5787 21.49267| 36.28072 9.7 - 12.2 - -
03.05.2019 | 50.2688 30.7384 140 118.8162 93.00011 22.00588| 43.92217 8.4 - 12.2 - -
03.05.2019 | 50.2688 30.7381 141 120.3714 95.17737 21.39936| 40.70286 5.6 - 134 - -
03.05.2019 | 50.2687 30.7379 142 126.7476 100.776 21.69484| 38.74246 6.5 - 13.9 - -
03.05.2019 | 50.2687 30.7377 143 118.5052 91.91148 22.09919 46.2152 6.3 - 13.7 - -
03.05.2019 | 50.2688 30.7375 144 106.0637 84.91314 21.49267| 41.07851 7.7 - 13.8 - -
03.05.2019 | 50.2689 30.7377 145 116.4834 91.13389 22.3 44.90358 6.8 - 14.4 - -
03.05.2019 50.269 30.7379 146 133.2794 103.7309 22.00588| 42.51118 7.4 - 215 - -
03.05.2019 | 50.2691 30.7381 147 113.8396 86.93488 22.1925 51.32389 7.8 - 21.9 - -
03.05.2019 | 50.2691 30.7379 148 107.6189 84.91314 21.8037 44.51722 6.6 - 21.1 - -
03.05.2019 50.269 30.7382 149 130.0135 101.3981 21.8037 42.39993 7.4 - 21.6 - -
03.05.2019 | 50.3499 30.6635 155 146.0319 122.5486 22.79902| 26.96382 3.6 - 16.2 - -
03.05.2019 | 50.3498 30.664 156 135.3012 116.3279 22.1925 23.19061 4.6 - 15.6 - -
03.05.2019 | 50.3498 30.6643 157 127.3697 107.9299 22.3 26.53928 4.5 - 15.6 - -
03.05.2019 | 50.3497 30.6648 158 133.9015 113.5286 22.1925 25.7836 4.1 - 14.4 - -
03.05.2019 | 50.3495 30.665 159 117.572 94.55529 21.69484| 37.84667 6.5 - 15.2 - -
03.05.2019 | 50.3496 30.6646 160 116.7945 94.86633 21.60153| 35.78819 6.1 - 154 - -
03.05.2019 | 50.3497 30.6642 162 110.5737 92.22252 22.1925 31.7995 5.6 - 15.1 - -
03.05.2019 | 50.3497 30.6637 163 141.2109 118.8162 22.09919| 26.51894 3.8 - 16.4 - -
03.05.2019 | 50.3496 30.6635 164 133.5905 106.5302 21.89702| 37.33666 6.6 - 15.8 - -
03.05.2019 | 50.3496 30.6639 165 151.1641 124.2593 32 36.11691 6.3 - 14.9 - -
03.05.2019 | 50.3495 30.6643 166 124.4615 99.99844 22.1 37.27488 6 - 15.8 - -
03.05.2019 | 50.3495 30.6646 167 149.1423 120.3714 22.09919 33.4534 7.3 - 17.6 - -
15.05.2019 50.352 30.5015 233 103.9 90.6 14.27 19.44231 5.8 - 17.4 16

15.05.2019 | 50.3521 30.5016 7 111.6 99.2 21.6 15.97938 2.5 - 16.9 16

15.05.2019 | 50.3523 30.5017 377 91.9 84.2 13.95 12.31898 1.6 - 17.5 16

15.05.2019 | 50.3526 30.5018 379 96.1 87.9 13.82 12.34803 1.8 - 17.6 16

15.05.2019 | 50.3528 30.502 367 95.5 88.5 14.21 10.54204 15 - 17.6 16

15.05.2019 | 50.3528 30.5022 20 90 83.2 21.3 10.98546 1.5 - 17.5 16

15.05.2019 | 50.3526 30.5021 255 82.5 74.6 14.66 15.25068 0 - 17.8 16

15.05.2019 | 50.3523 30.502 393 104.2 97.5 13.95 8.838449 14 - 18.6 17

15.05.2019 | 50.3521 30.5019 400 90.6 81.7 14.15 14.90934 1.5 - 17 15

15.05.2019 50.352 30.5023 365 87.4 80.8 14.21 11.24346 1.8 - 17.6 16

15.05.2019 | 50.3522 30.5024 376 79.8 74.7 14.27 9.712898 0 - 18.4 17

15.05.2019 | 50.3523 30.5024 6 117.9 107.9 13.7 11.54815 0 - 19.7 17

15.05.2019 | 50.3524 30.5027 363 102 95.7 14.27 8.570554 0 - 18.3 17
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15.05.2019 | 50.3524 30.5026 383 96.9 90.2 13.89 9.766982 0 18.8 18

15.05.2019 | 50.3526 30.5028 319 814 74.7 22.3 12.78626 0 17.9 16

22.05.2019 50.352 30.5016 200 72.7 64.9 13.7 15.23438 2.4 - - 7
22.05.2019 50.352 30.5016 205 83.9 75.7 22.3 15.35581 4.3 - - 7
22.05.2019 | 50.3521 30.5015 206 90.4 80.8 13.82 14.33264 4 - - 7
22.05.2019 | 50.3521 30.5016 207 98.9 84.7 21.3 22.39748 33 - - 7
22.05.2019 50.352 30.5017 208 107.9 97.1 14.02 12.99952 2.8 - - 7
22.05.2019 | 50.3522 30.5018 209 98.7 89.6 22.3 13.52155 1.8 - - 7
22.05.2019 | 50.3522 30.5017 210 79.5 72.4 14.27 12.214 2.1 - - 7
22.05.2019 | 50.3522 30.5017 211 84.7 72.5 14.21 20.92983 2 - - 7
22.05.2019 | 50.3523 30.5018 212 92.1 81.7 14.21 15.40969 0 - - 7
22.05.2019 | 50.3524 30.5019 213 90.8 83.3 14.15 10.84599 0 - - 7
22.05.2019 | 50.3524 30.5019 214 100.9 91 21.6 14.26513 0 - - 7
22.05.2019 | 50.3524 30.5019 215 94.6 87.3 13.95 9.952284 0 - - 7
22.05.2019 | 50.3525 30.502 216 93.4 86.4 14.15 9.688581 0 - - 7
22.05.2019 | 50.3523 30.502 226 84.7 77 13.89 12.20092 0 - - 7
22.05.2019 | 50.3522 30.502 217 83.8 77.4 14.21 10.12818 0 - - -
22.05.2019 | 50.3523 30.502 218 70.5 64.1 13.95 12.76171 0 - - -
22.05.2019 | 50.3523 30.5021 219 81 72.9 22.1 15.94488 0 - - -
22.05.2019 | 50.3523 30.5021 220 75.4 69.6 14.27 10.48256 0 - - -
22.05.2019 | 50.3523 30.5027 223 79.6 74.3 14.27 8.828919 0 - - -
22.05.2019 | 50.3524 30.5026 224 94.5 89.5 13.76 6.601532 0 - - -
22.05.2019 | 50.3524 30.502 225 103.5 97.4 14.02 7.315903 0 - - -
21.06.2019 | 47.05054| 32.02722 1 26.549 25.657 - 3.476634 - - - -
21.06.2019 | 47.05041| 32.02706 2 15.253 14.846 - 2.741479 - - - -
21.06.2019 | 47.0503 32.02691 3 37.468 36.175 - 3.574292 - - -
21.06.2019 | 47.05018| 32.02676 4 37.315 35.859 - 4.060347 - - - -
21.06.2019 | 47.05007| 32.02662 5 18.444 17.853 - 3.310368 - - - -
21.06.2019 | 47.04995| 32.02649 6 17.315 16.832 - 2.869534 - - - -
21.06.2019 | 47.04983| 32.02635 7 36.507 35.142 - 3.884241 - - - -
21.06.2019 | 47.04969| 32.02622 8 35.24 33.921 - 3.888447 - - - -
21.06.2019 | 47.04957| 32.02606 9 25.13 22.78 - 10.31607 - - - -
21.06.2019 | 47.04945| 32.02594 10 42.478 40.222 - 5.608871 - - - -
21.06.2019 | 47.05049| 32.02745 11 60.39 57.403 - 5.203561 - - - -
21.06.2019 | 47.05039 32.0273 12 41.318 39.414 - 4.830771 - - - -
21.06.2019 | 47.05027| 32.02715 13 49.761 47.838 - 4.019817 - - - -
21.06.2019 | 47.05015 32.027 14 37.55 36.139 - 3.904369 - - - -
21.06.2019 | 47.05003| 32.02685 15 44.075 41.76 - 5.543582 - - - -
21.06.2019 | 47.04991| 32.02672 16 43.742 41.355 - 5.771974 - - - -
21.06.2019 | 47.04979| 32.02659 17 42.523 40.362 - 5.354046 - - - -
21.06.2019 | 47.04967| 32.02645 18 46.182 43.061 - 7.247858 - - - -
21.06.2019 | 47.04954| 32.02631 19 41.071 38.583 - 6.448436 - - - -
21.06.2019 | 47.04942| 32.02618 20 47.26 42.4 - 11.46226 - - - -
21.06.2019 | 47.05036| 32.02756 21 19.431 18.72 - 3.798077 - - - -
21.06.2019 | 47.05024| 32.02742 22 45.246 43.047 - 5.10837 - - - -
21.06.2019 | 47.05013| 32.02727 23 33.979 32.175 - 5.606838 - - - -
21.06.2019 | 47.05001| 32.02713 24 30.206 29.046 - 3.993665 - - - -
21.06.2019 | 47.04989| 32.02698 25 33.245 32.073 - 3.654164 - - - -
21.06.2019 | 47.04977| 32.02684 26 54.577 50.395 - 8.298442 - - - -
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21.06.2019 | 47.04964| 32.02671 27 26.295 25.526 - 3.012615 - - -
21.06.2019 | 47.04952| 32.02658 28 47.458 43.956 - 7.967058 - - -
21.06.2019 | 47.0494 32.02644 29 20.751 20.006 - 3.723883 - - -
21.06.2019 | 47.04927 32.0263 30 26.869 25.94 - 3.581342 - - -
30.03.2021 | 50.35278| 30.50191 1 83 77.6 145 8.557845 7.9 7 7
30.03.2021 | 50.35274| 30.50217 2 86.8 80.6 13.95 9.302326 8 6.8 7
30.03.2021 | 50.35268| 30.50246 3 85.2 78.2 13.95 10.89494 7.3 5 7
30.03.2021 | 50.35264| 30.50274 4 69.9 64.4 14.08 10.93005 7.6 6 7
30.03.2021 | 50.35259 30.503 5 93.7 87.3 14.27 8.763522 8 6 7
30.03.2021 | 50.35254| 30.50327 6 91.5 84.5 14.27 9.96725 7 6 7
30.03.2021 | 50.35249| 30.50354 7 116.7 109.2 32 9.715026 7.8 6 7
30.03.2021 | 50.35244| 30.50381 8 106.7 99.6 14.27 8.320638 8.8 7 7
30.03.2021 | 50.35229| 30.50364 9 90.8 85.7 14.27 7.139857 8.6 6 7
30.03.2021 | 50.35234| 30.50336 10 76.2 70.5 22.3 11.82573 8 6 7
30.03.2021 | 50.35239| 30.50309 11 99.8 88.8 13.37 14.58306 7.8 6 7
30.03.2021 | 50.35245| 30.50281 12 76.4 70.5 14.21 10.48144 7.9 6 7
30.03.2021 | 50.3525 30.50254 13 80.8 73.9 13.95 11.50959 8.3 7 7
30.03.2021 | 50.35257| 30.50225 14 94.5 85 14.02 13.38405 8.1 6 7
30.03.2021 | 50.35262| 30.50199 15 87.8 80.1 13.76 11.60687 8.3 6 7
30.03.2021 | 50.35246| 30.50181 16 78.7 70.8 14.27 13.97488 8.1 6 7
30.03.2021 | 50.35242| 30.50206 17 79.4 72.3 21.3 13.92157 8.3 7 7
30.03.2021 | 50.35237| 30.50232 18 86.9 77 14.02 15.71928 9 7 7
30.03.2021 | 50.35232 30.5026 19 106.8 102.2 14.21 5.227867 8.9 7 7
30.03.2021 | 50.35227| 30.50288 20 95 88.9 13.89 8.132249 8.4 6 7
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0.107271 | 0.005996 | 0.794611 3.073 0.01 0.050446 | 0.059999 | 0.652925 36.563 0.012
0.005003 | 0.005996 | 0.794611 17.675 0.011 0.00504 0.00608 0.656181 37.322 0.01
0.107271 | 0.005996 0.72885 3.438 0.011 0.050446 0.00608 0.656181 5.406 0.013
0.034381 | 0.005996 | 0.794611 4.716 0.01 0.049895 0.00608 0.656181 5.431 0.013
0.030446 | 0.005996 | 0.794611 4.985 0.01 0.045955 0.00608 0.656181 5.659 0.013
0.030433 | 0.005996 | 0.794611 4.986 0.01 0.050446 0.00608 0.633352 5.693 0.013
0.034381 | 0.005996 | 0.763844 5.069 0.011 0.049895 0.00608 0.629714 5.769 0.013
0.030433 | 0.005996 | 0.774733 5.24 0.011 0.045955 0.00608 0.626678 6.058 0.013
0.030446 | 0.005996 | 0.763258 5.369 0.011 0.030412 0.00608 0.656181 7.104 0.013
0.025025 | 0.005996 | 0.794611 5.486 0.011 0.030412 0.00608 0.649905 7.191 0.013
0.025025 | 0.005996 | 0.785476 5.619 0.011 0.026241 0.00608 0.656181 7.712 0.013
0.015329 | 0.005996 | 0.794611 7.126 0.011 0.026241 0.00608 0.652925 7.819 0.013
0.015329 | 0.005996 | 0.795696 7.137 0.011 0.012735 0.00608 0.656181 13.141 0.013
0.007875 | 0.005996 | 0.794611 11.17 0.011 0.012735 0.00608 0.629945 14.289 0.014
0.007875 | 0.005996 | 0.770534 12.521 0.011 0.008185 0.00608 0.656181 19.539 0.013
0.005988 | 0.005996 | 0.794611 14.087 0.011 0.008006 0.00608 0.656181 20.16 0.013
0.005988 | 0.005996 | 0.781297 15.109 0.011 0.008185 0.00608 0.630271 22.719 0.014
0.007875 | 0.012998 | 0.781297 26.025 0.011 0.008006 0.00608 0.619718 23.864 0.014
0.007875 | 0.012998 | 0.770534 26.553 0.011 0.008185 | 0.013013 | 0.630271 2.284 0.012
0.005988 | 0.012998 | 0.781297 2.687 0.011 0.008185 | 0.013013 | 0.619718 2.356 0.012
0.005003 | 0.012998 | 0.794611 3.484 0.011 0.008006 | 0.013013 | 0.619718 2.48 0.012
0.005003 | 0.012998 | 0.781297 3.663 0.01 0.00504 0.013013 | 0.656181 7.555 0.012
0.107271 | 0.012998 | 0.781297 4.154 0.01 0.050446 | 0.013013 | 0.633352 8.857 0.013
0.107271 | 0.012998 0.72885 4.646 0.011 0.049895 | 0.013013 | 0.629714 9.019 0.013
0.034381 | 0.012998 | 0.781297 7.32 0.01 0.050446 | 0.013013 | 0.619718 9.21 0.013
0.034381 | 0.012998 | 0.763844 7.65 0.011 0.049895 | 0.013013 | 0.619718 9.277 0.013
0.030446 | 0.012998 | 0.781297 7.812 0.01 0.045955 | 0.013013 | 0.626678 9.63 0.013
0.030433 | 0.012998 | 0.781297 7.813 0.01 0.045955 | 0.013013 | 0.619718 9.763 0.013
0.030433 | 0.012998 | 0.774733 8.003 0.011 0.00504 0.013013 | 0.619718 11.182 0.013
0.030446 | 0.012998 | 0.763258 8.361 0.011 0.030412 | 0.013013 | 0.649905 12.076 0.013
0.025025 | 0.012998 | 0.781297 8.979 0.011 0.026241 | 0.013013 | 0.652925 13.577 0.013
0.025025 | 0.012998 | 0.785476 9.765 0.011 0.030412 | 0.013013 | 0.619718 13.619 0.013
0.015329 | 0.012998 | 0.795696 12.287 0.011 0.026241 | 0.013013 | 0.619718 15.349 0.014
0.015329 | 0.012998 | 0.781297 13.035 0.011 0.012735 | 0.013013 | 0.629945 33.937 0.013
0.015329 | 0.019999 | 0.795696 18.338 0.01 0.012735 | 0.013013 | 0.619718 36.498 0.014
0.015329 | 0.019999 | 0.770534 20.377 0.011 0.012735 | 0.020013 | 0.630271 2.226 0.011
0.007875 | 0.019999 | 0.770534 3.663 0.01 0.012735 | 0.020013 | 0.629945 2.228 0.011
0.107271 | 0.019999 | 0.770534 5.139 0.01 0.008185 | 0.020013 | 0.630271 7.957 0.013
0.107271 | 0.019999 0.72885 5.695 0.011 0.008006 | 0.020013 | 0.630271 8.613 0.013
0.005988 | 0.019999 | 0.781297 6.157 0.01 0.008006 | 0.020013 | 0.619718 9.707 0.013
0.005988 | 0.019999 | 0.770534 6.643 0.01 0.050446 | 0.020013 | 0.633352 12.181 0.013
0.005003 | 0.019999 | 0.794611 8.646 0.01 0.050446 | 0.020013 | 0.630271 12.231 0.013
0.034381 | 0.019999 | 0.770534 10.052 0.011 0.049895 | 0.020013 | 0.630271 12.359 0.013
0.034381 | 0.019999 | 0.763844 10.279 0.011 0.049895 | 0.020013 | 0.629714 12.422 0.013
0.005003 | 0.019999 | 0.770534 10.633 0.011 0.045955 | 0.020013 | 0.630271 13.312 0.013
0.030433 | 0.019999 | 0.774733 10.747 0.011 0.045955 | 0.020013 | 0.626678 13.442 0.013
0.030446 | 0.019999 | 0.770534 11.077 0.011 0.030412 | 0.020013 | 0.649905 17.837 0.013
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0.030433 | 0.019999 | 0.770534 11.081 0.011 0.030412 | 0.020013 | 0.630271 19.333 0.013
0.030446 | 0.019999 | 0.763258 11.381 0.011 0.026241 | 0.020013 | 0.652925 19.968 0.013
0.025025 | 0.019999 | 0.785476 12.146 0.01 0.026241 | 0.020013 | 0.630271 23.334 0.013
0.025025 | 0.019999 | 0.770534 12.956 0.011 0.030412 0.037 0.649905 39.083 0.012
0.030446 | 0.036999 | 0.795696 16.696 0.01 0.026241 0.037 0.652925 1.711 0.01
0.030433 | 0.036999 | 0.795696 16.701 0.01 0.026241 0.037 0.629945 1.781 0.01
0.030433 | 0.036999 | 0.774733 20.061 0.01 0.00504 0.037 0.629945 11.182 0.013
0.030446 | 0.036999 | 0.763258 20.051 0.011 0.012735 0.037 0.629945 17.605 0.013
0.025025 | 0.036999 | 0.795696 20.865 0.01 0.050446 0.037 0.633352 21.577 0.013
0.025025 | 0.036999 | 0.785476 21.446 0.01 0.00504 0.037 0.656181 21.887 0.013
0.015329 | 0.036999 | 0.795696 3.064 0.01 0.050446 0.037 0.629945 22.258 0.013
0.107271 | 0.036999 | 0.795696 6.636 0.01 0.049895 0.037 0.629714 22.495 0.013
0.107271 | 0.036999 | 0.72885 8.032 0.011 0.049895 0.037 0.629945 22.513 0.013
0.007875 | 0.036999 | 0.795696 13.541 0.01 0.045955 0.037 0.629945 24.272 0.013
0.034381 | 0.036999 | 0.795696 15.15 0.01 0.045955 0.037 0.626678 25.219 0.013
0.034381 | 0.036999 | 0.763844 17.36 0.01 0.030412 0.037 0.629945 44.752 0.013
0.007875 | 0.036999 | 0.770534 18.195 0.01 0.050446 | 0.059999 | 0.633352 41.805 0.012
0.005003 | 0.036999 | 0.794611 30.801 0.01 0.049895 | 0.059999 | 0.652925 37.029 0.012
0.005988 | 0.036999 | 0.795696 37.209 0.01 0.049895 | 0.059999 | 0.629714 43.821 0.013
0.034381 | 0.060001 | 0.785476 26.324 0.01 0.045955 | 0.059999 | 0.652925 41.439 0.012
0.034381 | 0.060001 | 0.763844 30.32 0.01 0.045955 | 0.059999 | 0.626678 1.548 0.009
0.030446 | 0.060001 | 0.785476 2.29 0.01 0.030412 | 0.059999 | 0.652925 3.298 0.011
0.030433 | 0.060001 | 0.785476 2.292 0.01 0.030412 | 0.059999 | 0.649905 3.551 0.011
0.030433 | 0.060001 | 0.774733 2.345 0.01 0.026241 | 0.059999 | 0.652925 5.238 0.011
0.030446 | 0.060001 | 0.763258 2.408 0.01 0.00504 | 0.059999 | 0.652925 5.77 0.014
0.025025 | 0.060001 | 0.785476 3.135 0.01 0.00504 | 0.059999 | 0.656181 6.034 0.014
0.015329 | 0.060001 | 0.795696 8.206 0.009 0.008006 | 0.059999 | 0.619718 9.334 0.014
0.015329 | 0.060001 | 0.785476 8.817 0.01 0.008185 | 0.059999 | 0.630271 12.393 0.014
0.107271 | 0.060001 | 0.785476 9.284 0.01 0.008006 | 0.059999 | 0.652925 18.908 0.013
0.107271 | 0.060001 | 0.72885 11.347 0.01 0.008185 | 0.059999 | 0.652925 20.345 0.013
0.034381 | 0.099998 | 0.774733 4737 0.009 0.00504 | 0.099996 | 0.656181 3.059 0.014
0.034381 | 0.099998 | 0.763844 4.997 0.009 0.008006 | 0.099996 | 0.619718 3.46 0.015
0.030446 | 0.099998 | 0.774733 6.18 0.009 0.050446 | 0.099996 | 0.649905 3.588 0.01
0.030433 | 0.099998 | 0.774733 6.185 0.009 0.049895 | 0.099996 | 0.649905 3.69 0.01
0.030446 | 0.099998 | 0.763258 6.676 0.009 0.050446 | 0.099996 | 0.633352 3.904 0.011
0.025025 | 0.099998 | 0.785476 9.347 0.009 0.008185 | 0.099996 | 0.630271 4.071 0.014
0.025025 | 0.099998 | 0.774733 10.253 0.01 0.049895 | 0.099996 | 0.629714 4.104 0.011
0.005003 | 0.099998 | 0.774733 13.658 0.011 0.045955 | 0.099996 | 0.649905 4.629 0.011
0.107271 | 0.099998 | 0.774733 14.307 0.01 0.008006 | 0.099996 | 0.649905 5.102 0.014
0.107271 | 0.099998 | 0.72885 17.97 0.01 0.008185 | 0.099996 | 0.649905 5.275 0.014
0.005003 | 0.099998 | 0.794611 19.131 0.011 0.045955 | 0.099996 | 0.626678 5.392 0.011
0.005988 | 0.099998 | 0.774733 20.501 0.011 0.012735 | 0.099996 | 0.629945 9.979 0.014
0.005988 | 0.099998 | 0.781297 23.539 0.011 0.012735 | 0.099996 | 0.649905 14.778 0.013
0.007875 | 0.099998 | 0.770534 44,795 0.011 0.030412 | 0.099996 | 0.649905 24.987 0.012
0.107271 | 0.150002 | 0.763258 23.327 0.01 0.00504 | 0.099996 | 0.649905 34.707 0.013
0.107271 | 0.150002 | 0.72885 28.603 0.01 0.00504 | 0.149999 | 0.633352 19.473 0.013
0.005003 | 0.150002 | 0.763258 6.358 0.012 0.00504 | 0.149999 | 0.656181 2.178 0.014
0.005988 | 0.150002 | 0.763258 8.027 0.012 0.008006 | 0.149999 | 0.619718 2.218 0.015
0.005003 | 0.150002 | 0.794611 9.321 0.011 0.008185 | 0.149999 | 0.630271 2.521 0.015
0.005988 | 0.150002 | 0.781297 10.12 0.011 0.008006 | 0.149999 | 0.633352 2.546 0.015
0.007875 | 0.150002 | 0.763258 12.43 0.011 0.008185 | 0.149999 | 0.633352 2.604 0.015
0.007875 | 0.150002 | 0.770534 14.115 0.011 0.012735 | 0.149999 | 0.629945 4.294 0.014
0.034381 | 0.150002 | 0.763844 15.401 0.01 0.012735 | 0.149999 | 0.633352 4.487 0.014
0.034381 | 0.150002 | 0.763258 15.43 0.01 0.050446 | 0.149999 | 0.633352 18.93 0.012
0.030446 | 0.150002 | 0.763258 25.282 0.01 0.049895 | 0.149999 | 0.633352 19.943 0.012
0.030433 | 0.150002 | 0.763258 25.311 0.01 0.049895 | 0.149999 | 0.629714 21.386 0.012
0.030433 | 0.150002 | 0.774733 25.311 0.01 0.045955 | 0.149999 | 0.633352 34.244 0.012
0.025025 | 0.150002 | 0.785476 41.622 0.01 0.026241 | 0.149999 | 0.633352 41.153 0.013
0.107271 | 0.20004 | 0.763844 2.205 0.01 0.045955 | 0.149999 | 0.626678 41.157 0.012
0.107271 | 0.20004 0.72885 2.393 0.01 0.00504 | 0.200001 | 0.629714 14.77 0.013
0.005003 | 0.20004 | 0.763844 4.781 0.011 0.008006 | 0.200001 | 0.619718 22.052 0.013
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0.005988 | 0.20004 | 0.763844 5.703 0.011 0.00504 | 0.200001 | 0.656181 16.435 0.013
0.005003 | 0.20004 | 0.794611 6.615 0.01 0.008006 | 0.200001 | 0.629714 23.241 0.013
0.005988 | 0.20004 | 0.781297 6.92 0.011 0.008185 | 0.200001 | 0.629714 23.789 0.013
0.007875 | 0.20004 | 0.763844 7.882 0.011 0.008185 | 0.200001 | 0.630271 23.761 0.013
0.007875 | 0.20004 | 0.770534 8.593 0.011 0.012735 | 0.200001 | 0.629714 2.935 0.014
0.030433 | 0.20004 | 0.774733 29.014 0.01 0.012735 | 0.200001 | 0.629945 2.942 0.014
0.015329 | 0.20004 | 0.763844 34.735 0.011 0.026241 | 0.200001 | 0.629714 10.784 0.013
0.005003 | 0.250112 | 0.72885 2.913 0.011 0.026241 | 0.200001 | 0.652925 17.716 0.013
0.005988 | 0.250112 | 0.72885 3.298 0.011 0.030412 | 0.200001 | 0.629714 18.087 0.013
0.107271 | 0.250112 | 0.72885 3.674 0.01 0.050446 | 0.200001 | 0.633352 29.471 0.012
0.007875 | 0.250112 | 0.72885 4.135 0.011 0.030412 | 0.200001 | 0.649905 30.06 0.012
0.005003 | 0.250112 | 0.794611 5.358 0.01 0.008006 | 0.249998 | 0.619718 17.323 0.013
0.005988 | 0.250112 | 0.781297 5.491 0.011 0.00504 | 0.249998 | 0.656181 13.802 0.013
0.007875 | 0.250112 | 0.770534 6.484 0.011 0.008006 | 0.249998 | 0.626678 18.176 0.013
0.015329 | 0.250112 | 0.72885 9.846 0.012 0.008185 | 0.249998 | 0.626678 18.573 0.013
0.015329 | 0.250112 | 0.795696 33.44 0.01 0.008185 | 0.249998 | 0.630271 18.813 0.013
0.025025 | 0.250112 | 0.72885 40.016 0.011 0.012735 | 0.249998 | 0.626678 2.282 0.015

0.012735 | 0.249998 | 0.629945 2.357 0.015

0.026241 | 0.249998 | 0.626678 5.946 0.014

0.030412 | 0.249998 | 0.626678 8.279 0.013

0.026241 | 0.249998 | 0.652925 9.112 0.013

0.00504 | 0.249998 | 0.626678 12.235 0.013

0.030412 | 0.249998 | 0.649905 12.839 0.013
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