EONIKO METZOBIO NOAYTEXNEIO

2XOAH ATPONOMAQN & TOMOrPAOQN MHXANIKQN
Topéag Tonoypadiag
Epyaotiplo TnAeEnLoKOMNoNG

MEAETH XPONOZEIPQN T1A BAZIKEZ KATHIOPIEZ TOY
CORINE LAND COVER AINO AIAXPONIKA AEAOMENA
LANDSAT 8, LANDSAT 7 & LANDSAT 4/5

AutAwuatikn Epyaocia

n.‘h.l,l”j‘<h’/\h/\hc '<

B " A 2016






NATIONAL TECHNICAL UNIVERSITY OF ATHENS

SCHOOL OF SURVEYING ENGINEERING
Department of Topography
Remote Sensing Laboratory

STUDYING THE TIME SERIES OF BASIC CORINE LAND
COVER CLASSES FROM MULTITEMPORAL LANDSAT 8,
LANDSAT 7 & LANDSAT 4/5 DATASETS

Diploma Thesis

Evangelia Giannakopoulou

Athens July2016






EXNE/GN

I
4
&

.
A\ g
35

"'\o N
B ) F
Lo\
i
APOMHOEVS
-Ijvl-lﬂ!!mopos

7

Ly

EONIKO METzZOBIO MOAYTEXNEIO
2XOAH ATPONOMAQN & TOMOrPAOQN MHXANIKQN
Topéag Tormoypadiag
Epyaotiplo TnAENLOKOMNONG

MeA£Tn XpOVOOELPWYV yLa BaotkéG Katnyopieg tou Corine Land
Cover ano diwaxpovika dedopéva Landsat 8, Landsat 7 &
Landsat 4/5

rqura;.cg h - A ’E>B<Il

B VB h * t¢ o K — v = IA

XXXXXXXXXXXOPHAMC







Copyright 6 All rightsreserved.n . h 4+ 'Nsmg' " hhA A D € 72016 <

r s B -t < h v'! - h A ! 1 ¢ h* _ >h ¥ [0)

B‘hj“’s B h ' h A 1~ h oy h - Y+« m"¢g A ¢ h* 1 h AY ST
>" >h ¥ h " > rl*h Ew~- 8 "Hh ¢ “RAR'" - ., >3" Y1 thik ¥ exwm '
>| QB'{V‘CV_'Q'Z Bc_h‘,{B T ¢ n K ¥ A t ¢ om , ~a Z
-y w < o ¢ ht A h 1 h v h * ¥ ‘h"',q’}'h/\’;bhq)JrLl'n,

" SRR I S S O A A h h - & fw ha Y A h * -y ¥ 1 h



20231 MOI ©

€& haAabha ¢ 'h'h¢“<“,""l ¢ ht ¢h_h/\""l A ,h " AY >w,
‘<h/\"_' B> AhC “/\B‘_I h‘vh/\'>5/\'cD rh“’"‘_'C' Tl g Y

C’h_‘("z "B"‘_'ﬁ'" IC‘rh"y""h/s(Wf."".(S"[h J‘lh<’h?h'¢h"l n]l.

[ <8 O I I R C Lo _ YlanBsgts s T Y & AR ¢ R

> 1 h < o "~ Y “hJ1 ¢ Y s, ' > B 1 B {Its“ >> AV hath h‘ AT gt . 'KS 8T’ h N A 1h ‘/\h
R S B L AT T hh st T AT T T > B abiBhdata) AN L ABET L ThSAWTATL VAB t G v
1 > 1t h ' A haART v > L, A BV T Vv ¢ h hv' ¥~
ot < T C Y T V¢S A 1B SWA., AD

[ A Ch 8 ¢ A I Cooh - <h > > tn s Shoov
h<a m 7m0 7 1t h A BV T v . AT Y T O A Rhandsat. | < T 7 h
[h s " h>h *¢h h=> s<w®>h h B~ CBEA_ Tt ChaA Y PR
L h 1" “pathsh S &8 A - R L B N W B S R e I
8~ , h sutfacéreflectdnced _ . A 1 Tlandsat 4, Landgat 5, Landsat T ‘Ldhdsat 8h = ' T

Mmdyn >Ww.  wW<T S wooo HAaMp® | ' A "~ 87 570" hoo"Z >
' > 7 h 4t h jh"t.‘wl "ﬁ‘h_l'JJV"I’B‘.‘Ih'QhJ<"h"’k‘"'>B’h h‘_h
h Ah¢<h> © ¢+ h h - "< h _h L *h " Y A" Ch LY, Y e 1
-~ h h_' "B, A h“" 'B'WQ‘"EB’B,Ih‘H‘_W<TbH h'/\(._"?\is:>5/\" -
B'BVB'Jh"h_I'(I)"BB'I'h"‘h‘ h/\_“_"“",/\ B B‘C“/\“‘_““
1 Y h h " Ch A NI ' AB ""“h‘5"5h’h“__'W/\'"“’/\ws‘/\ish“h">/wh/\'h/\‘h‘<
A h 2 . S Y > 7 " LULC fahdUse - LandCovere & _ m*® h ¢cn_teE o
h % he g cmirc >t h Yt h s h B wh 1 R"C hmhxY oy s 6
B~ T B Y ">s""z 5’_|_gj|_c">w‘y‘]‘h{">ﬁ_h+_)\1“':h|{'>“’"1“
L8 LY >wAh . A “h h *mtw AQ [W<T Z S8 ThtuYCOhyLtRCE
{‘hj’h>’>ﬁ/_\ﬁ‘5"_/\z J‘LULc_C'hI‘5>&‘{J:I\Ai>_"'rl"‘z”1h"'Chj/\‘h"'/\“‘s'
s w h AhS¢ <h™> © ¢ v ¥ ChaAah<th " - hyve'  ¢Chah<ct .



Abstract

The need for monitoring and understanding the phenomena and processes occurring in the planet
constantly grows. Earth Observation (EO) Methods and Remote Sensing play a key role in monitoring the
environment in local, continental and global scales. The fact that the archive of the Landsat satellite
program, which is the world's largest with high/medium resolution data, is open, along with the
progress of large data systems technology (big data), has opened the way for the development of
methods for mining and exploitation of time series information from multitemporal remote sensing
data.

To this end, as part of this thesis, an algorithm was developed for extracting time series from the entire
Landsat archive. Experimental results focused on the overlapping region of two paths including all
available Landsat 4, Landsat 5, Landsat 7 and Landsat 8 surface reflectance. In that area, several points
were selected through a photo-interpretation process, belonging to basic land use/cover categories. For
these points the reflectance values from all multitemporal satellite data were extracted. The acquired
observations included pixels corresponding and/or affected by clouds, shadows or snow and therefore
were removed based on the information derived by the fmask algorithm. Then, further effort was made
to eliminate the remaining noise, towards the creation of more homogeneous spectral classes LULC
(LandUse -LandCover). For this purpose, another processing procedure was followed, including spectral
analysis, both at point and LULC-class level. Last but not least, time series models were computed based
on certain ratios and indices, for studying and evaluating the consistence between the different Landsat
sensors and between the LC classes at different geographical locations.
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>"/\_w<"(p Mlsg%h:v}fﬁfﬂ“ﬁﬁﬁf""l Ch‘h’wl ‘h’h_""‘s‘
ST hABT Ol >WAT >TA_W<T 7Y sh T T wse s >BfventvyEvo <W ¥ T A
MOVEEMOE W . ¥ T LT 8T T <im0 T A8 €T _ W wIBhA<HY AADAT A
‘h’v“'hy"‘/\(peaks)_?_whj/(‘_hh¢;$"5/\"“'_s’sl ¢h‘h’wl -~ h -
{'h‘w“>sl “dl'tKY]ﬁE(?l.lbWtE’ROé,'>"‘ _“\?__ \‘A_B<B‘_W.¢ c[“ _<",B.
_ ¥ . N A B <8 ° W . _ ¥ . h /\15""_” JB>_W'/\_V"‘W 'C‘hh‘/\'}\ LB/\_B"_‘<W YBAA 147 ’5"_
TSl AN g<huy Lt N LT T R Y 3 s wy N T s s A W
LT s T s et L s A AR AT RALSAR LTS T G CATS T Sh  h Rt
LT AT s T O A LT VerbBesselt, Zeilers, & Herold, 2002). A 6

. _(2m . (2m
PUX)simple = a.c,_!- +0C08| ==X ) + b, ;sin X)X
{Tho1<x <7}

X Julian date

i theith Landsat Band (i =1, 2,3, 4, 5,and 7)

T number of days per year (T = 365.25)

(p1 coefficient for overall value for the ith Landsat Band

a1 by;  coefficients for intra-annual change for the ith Landsat Band

C1j coefficient for inter-annual change (slope) for the ith Landsat
Band

Th the kth break points

Ewova 2-1 : E§iowan tou amAoU LOVTEAOU XpOVOOELPWY Kal ETTEENYNON TWV CUVTEAETTWY TOU

E Bt ¢_2'7\h"’H ' h yh 7 h 1 h ¥ s ' ¢ h > A w <ht h, = Y™WAY > B!
¢ h Ah <t n ! ' hha h CB<‘P(3"J, R h:hw"' CTEE) Lt htwt s -~ h "~ h
Landsat > & h v . A B ’_J/\‘ hy M S8h ¢ “vyafgnon ~F .8 Y Chec®* w1 8" h
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Ewkova 2-2 : MoVvTEAX XpOVOOELPWY UTTOAOYLOUEVA YLaL TNV AVAKAQOTIKOTNTA EMLPAveLa oto KavdAl 4 (eyyoc
unépup0), XPNOLUOTTOLWVTAC OAEC TIC TapaTthpHoELC and Ta Stadéoiua Sedouéva Landsat puetaév tou 2001 kot
2004 yia eva etkovootolyeio kaAAiépyetag. Ta uavpa onueia eivat 0Aeg ot Stadcoiusc kadapéc napatnprnosic. H
TPAOTaLvn ypauun ivat n avakAooTIiKOTNT EMIQAVELXG OTO KAVAAL 4 uTtoAoyLouévn amo To amAd povtédo. H umie
ypouun eivat n avakAaoTikOTNTA EMLPAVELOS OTO KAVAAL 4 UTTOAOYLOUEV OTTO TO AVEMTTUYUEVO UOVTEAOD. H KOKKLVN
ypauun givat n avakAoTIKOTNTA EMLQPAVELASG OTO KAVAAL 4 UTTOAOYLOUEV QO TO MTANPEG UOVTEAO.

B A > Y Ty r b T h - < > A W< 6 "h>" AN T h>S>STY
B AN 1 Ah _ ' A D > 7 AN _ B <7 - T *5_'v !_ L',J(".—r".‘v /\_"cllI h__'('._"h_ hhh _
>VA_W<V (0} B/\ . ! s> Y Tyt _v h/\BB’_/\_h"J>WAV 'ﬂ')\_W/Kh
>"/\_5<"“""‘B‘ ‘B’A"“"/\"_ﬁ‘s""{‘mm‘ghfb’hh/\_""’cp"‘_ﬁ"/\/\Ch<,_5"’
h - w<cE > >h B> AN h = Y 'L')("""B“ ‘>""/\‘_‘w>("'“()‘¢5"¢¢y A A
>"/\_5<"“""‘B‘ _'/\ h/\h(.‘<h‘_'¢',l1‘/\15‘h_’"'5“"‘,‘h‘/‘\’ts“h”/\“ts_"" C_
>v/\_W<v _V‘ ,7_'"'>v¢_h"<"uj)3_'h1”" ‘_' >v/\_-*5*5_<"\“_W.)/\‘I o
1 " h Y7 _ A S L TATTASTW pgpdgathf C T P U A b AE >8 <wd ®h ALY B A
B > Ah? h ']wl ¢ h ' _“ > A w <Y 5¢_’>"'IZV N
- 7w T ot A h s Aht >51h<’ B'VI h = ! _" _ < L "‘
sOTANT TR B AN T Y hA T T AT Rt st A G hh Ty
IR > 8 M H h <<h >t ¢t s T h = My X ‘h O
h AhS¢ <h St o B~ ,hAs*h @ p*h,~ 8 _ *¢hy h A
hah € < h _ e /}H '_ h>.BJ h < . B Y . h = " ? “"h' > ‘M‘y? “h~-<"<'h' f>8'°C
h A~ 0 >wAT S v W< ® RBA T horooe s SR tmen e W oo msT hyph
1A h B, h > SE A we T P LT AECSY At WX >h Y AT hs € AR
A h K> Ah ® Ch ‘& LR T EASW Y ohithe <k A s Yt oh Ch ™ Y ¢ AY
T Tt e K"h ﬁP‘hB"’\‘N/\tfh”l 4,‘_h"‘w""‘>B"' ST AL w <Y . MY N B
B~ ' <wl B h o
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B ‘Viera, Mather ¢ " Mccullagh (2000) h A w ~ VRAaAT"hhT>h T AET h A h

h = ' ¢ 7 (Spectral-temporal response surface ¢ STRS), . ,>w ' “4L""h' Ah v A" >' " e, T
Che<' 8708 AT 7" >y 7Y A Lth, YAt Ch L4 >wah
. h h CB:'y<_hh B 'O Y AT h_ >‘Lpnslvs‘_<.‘h‘_y}(":/\l_z_1'l QW_.V ‘wlh/\ | L " '
SoLaT AN e thte Se At ¢ h: o ,h‘>h_“¢"—l Yy - A

~ h B>j"l4'1"/\h;<“h_‘<.‘"l B",hMB,'hh'?CD‘B'/\ h:kf'i'm\"_hvyl’>"wA"’<.‘{"" )
_hve A > AL eT t>"rBB'“G‘_'/\/\_BhandsaItC‘h's’pOTC h * 1 B A Wi ' OAB -y
L A S 11 Y
B 'Epiphanio et al. (2010) 8 . A = >~ * h A "A STRS' h vi AN Thh " ehts” A> ¥ ¢ A
MODIS > " h A B - VY >80 Y A Chvi A s o y
B¢ > h<ccs > AT YA Coe o< MODISON “ (¢ ™4 .7 L'A" L hB' < A
hAah< ' > R LW e ® <h  hm T b VIS e, s 1 T T Y
>|51h4‘<|4/\’1‘(.‘_/\ B¢ >8 h<cs E ., A ¢ h* L e h =" 8 <w
> ¢ _ B '. wC_h " 1B, J'ﬁ‘wl 59‘>|5_h<<|5"|5'I¢)

1. > 8 .<\Wlla et al. (2012) ~ ~ | h, 1"/ 7" fh B AAT ST T e T ch
“hy ' Y > T U S _ A L BLYSWA,A h- T U< <R L My s GTRS'SE S W A AT h
S BVESTVE' T YUY s AL AN >8<8datafusion)f AL L0 e
. T 7 ¢ <" >(dpdtial downscaling) 6 n * ¢ 3)ATh o 'H o h st T AwWE W € hTth T s > Y W

C B h « <8 BL/\'CWICD
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every 3 days

30m
LANDSAT every 16 days

Ewkova 2-3: Synua Stadikaaoiog spatial downscaling (ywptkri¢ urtokAwpudkwonc)

B Villaetal (2012)h Ah Jwe™ * ' *F  >*' h  ¥(drdundcell = GC), 4sh T Tt T >waAl 7T A
‘,J‘>I1"hC vy B Y > hh BPACh ™ < h e ' h 0 ¥ ¢ <h > >h L
h¢ © A% Y <’ h -~ h Ah¢ <h ht h - "A 8- ,hAE'h 1 *h ¢h
B I B AYC ,W>l' J[’hh>>'>5w’ambér§i\amlw ‘ "é sh Ah ¢ <h ™ _ ¥ - s v h ~ _ f _ h * h
@<' T Shto ot Yty ' A6 StrihlerletalS1899)r _ s L s AT e w
p=p(" & @A)
- ‘; p‘ B > A h t 1] h _ > ~ N s h € 4 t (" h -l € ~ [ N < l>'w%l|l 3 lhh(" _ﬁle .A /‘\’/\’Jh h‘( Z n h z ‘
y B A’ . € h 1 .(pM » Mhllhvvyhl‘>l‘jl‘.zl\ﬂ’\“-ln‘ Al I<l_""“A_¢’d1 |> n c ~ ' (" . >h _ ~ l ¢
BA T ts>w hiAThYC < h AE™™" CA ="y H A B f LA Lt s AT B LAY
h>, 17> onhm ot Hidirectibnal reftettance Bistribution function ¢ BADF)-
TS h T h T YA RWah QTR LA >=A80 )Y T shvh © A b > AT h - T

¢ > h e Y

p=p(A).

B n 1 N A h i 1 N 1 Q h < B > GC' LIJ , h N > h t (I‘ " - 1 i h , n Q ~
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s>."' X~ ', hme hh < <hy st CUAB Lo > 7 LAY Y T T 8 WA
_TGCE T AN >*h ' 1 ¥~ hAshhy
p=p(At).

CE _B<B __h’h COAR T LYY AT R & s S h We K h(gpBetfodeporaln T .t ¢
reflectance surface —STRS) _ ~ GC. h ‘he” s * ¢ S Ah =t ° 0 € C 7" >wAGC)™ 88 S AT 0, 7y
' ¢ 'hAThY s < w A h CUUShESQTRS 4 R ST ¥ R AE >h 6 Ch Ah <t
n‘h,"’s_'ﬁ‘h\l\rll'm‘,ﬁ"’"/\gs_".‘wl ,‘h""“/\_'5<.‘<vv’”/\‘_{”Jh>,w"l’5_‘<.‘h A 1
B~ ,hAs " h 5§ he' o> ¢t ha - w’ ,> A ht h - th Y o
| _ ' Vilka et<lwv(2012)h T W.<m 8 T R A " ' Wh Ah ¢ h
B~ ,haAs " h 5 Y T L OABCD AT B C USRS L RS SWAM M B
TE TR SWATY AL T T B ARG SIS BWIASA AT T s B GC> N B >, h
B > h s O mhhg . A _ 'STRS!8'"h' gC&(mw's " ¥ 7 . ', "Ik Hh" T >wAE
> B B)h'>"J_1"",,ﬁ"(\‘>'hl_“".‘m'/\k&’}\j_"‘h'{'"l _'quohu“"‘{_""l (.‘Qh>“<'_'
(minimum curvature) = 8 > h " 8" " h |gAdsRt 5TM > A - AV S8 "L AN Ufip oHN .
w_ Y ,"HAmgE " ¢Ch < T 7 path/fow 199-383°¢ h Y otombn . AT GCT T ¢ s b
>w " h B h " 7 > AT <t T SSHT ChAT s S <" j <h > v L7 h
¥ ¢h<¥¢h o 9B Ah: Ch oA T T WR) S S AR Go<th Ty R TG et
h<"<.‘h‘"V’Gw’lA“h‘45>’W_‘sh’v‘5 h'{s">5/\" JB’_B>hL'V > 8B
¢ 7h e v h o Tt sw s pa X hythp _©h Lt g gf s hh
! TET LT T gth Ah TN BTRS BN CAGMO . A BT O AN ¢ ke’ OHUO .

Ah ~— h h:'_bh‘>J]_"'/\‘C" B")h/\s'thTRIS/,\h.ﬁ‘<|5h"'_)‘h¢/\'|5_"h_h||5’/\h
Lot " _haA B, h">"y YA ht Thoe > Y <w ¥ h AT AB ,oh
B> A h Lot s '_h/\ s)h’>'y“/\_h‘ _5‘/\'<.‘wl ,',‘hC"I B
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Etkova 2-4 : Ontikomoinon Twv QaouaTo-Xpovikwy eNLpavelwv avaklaotikotntag (STRSs) 2 ebagpodneibwv (GCs) :
(a) péoa oe yewteudyto pe kalaumnokia kat (b) péoa oe yewteudyto e tpipuAAL. H avamapdotaon twv STRSS
yivetat ue U0 Stapopetikous Tpomous: we (i) ewova kat we (i) emwpavera.

m‘h A h s > Aht {‘/\h_" ' h(.‘"j"l h_[\h'{\‘/\ﬁ‘Bl"KBh'/\‘h,th/\_Bh“
hah<ch® C@" ' sy h /GG ", W{h' AN >" Y 7B AN N
LUhows s Y ATh s e B L O Aol AesolBtidnAGIR) S B h T o

h Ah < moderate esolution MR). [~ h -~ <"~ """ >waA™ L *hs"h>>h b+ =" ¥
SUhAL Y > Y S s ttht Rt STRSE 4 Y AW A A o' AY B "bE AT AB TG
T T T Ho 8" 7 oA B ST AL Alow. rBsaldtion "GLRO . 4 " h § " T8 hUASh_<A
hoo > " “MODIS SOhVIgRISED  $Hh U s BT S AAL. A >8 " h mdderateresofution ¢ ' 0

MROG 4 " h .~ s _ ' ¢ _ AlafdsatTM® hSPOTHRW. 0~ ®. @
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Irterpalation

Ewkova 2-5: Zynua tng Stadtkaoiag yLa tnv avakataokeun, anodnkeuon kat xprion tn¢ Baong debouévwy paouarto-
XPOVIKWY ETLpaveLwv avakAaotikotntac (STRS).
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Sxnua 2-1: Mapadelyuata amo mapatnpioeLs CUVVEPOU, VEQOTKINONG KAl XLoVLoU, Ta ornoia
Eexwplilouv ota Stayxpovika Sebouéva. OL TapatnPioELS TOU AELKOVI{ovTal w¢ KUKAOL Eival aUTEG ToU
xapaktnpilovrat wg “kadapég” amo tov aAlyopiduo Fmask evw auTEG mou emLonuaivovtal mPOKELTAL Yla
TTAPATNPIOELS OL OTTOLEG EXOUV EVTOTILOTEL ATTO TNV AVAAUCN XPOVOOELPWY WG AKPALEG TIUEC
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3. Me§oboAoyia

Landsat 4-5 Thematic Mapper (TM) and Landsat 7 Enhanced Thematic Mapper Plus (ETM+)

Band Wavelength Useful for mapping
Band 1 - blue 0.45 - 0.52 Bathymetric mapping, distinguishing soil from vegetation and deciduous from coniferous vegetation
Band 2 - green 0.52 - 0.60 Emphasizes peak vegetation, which is useful for assessing plant vigor
Band 3 - red 0.63 - 0.69 Discriminates vegetation slopes
Band 4 - Near Infrared 0.77 - 0.90 Emphasizes biomass content and shorelines
Band 5 - Short-wave Infrared 1.55-1.75 Discriminates moisture content of scil and vegetation; penetrates thin clouds
Band 6 - Thermal Infrared 10.40 - 12.50 ||Thermal mapping and estimated soil moisture
Band 7 - Short-wave Infrared 2.09 - 2.35 Hydrothermally altered rocks associated with mineral deposits
Band 8 - Panchromatic (Landsat 7 only) 0.52 - 0.90 15 meter resolution, sharper image definition

Ewkova 3-1: Qaouatika kavadta Kat epapuoyEg Toug yia tov Landsat TM kat ETM+
(rtnyn: http://landsat.usgs.gov/best_spectral_bands_to_use.php)

Landsat 8 Operational Land Imager (OLI) and Thermal Infrared Sensor (TIRS)

Band Wavelength Useful for mapping
Band 1 - coastal aerosol 0.43 - 0.45 coastal and aerosol studies
Band 2 - blue 0.45 - 0.51 Bathymetric mapping, distinguishing soil from vegetation and deciduous from coniferous vegetation
Band 3 - green 0.53 - 0.59 Emphasizes peak vegetation, which is useful for assessing plant vigor
Band 4 - red 0.64 - 0.67 Discriminates vegetation slopes
Band S - Near Infrared (NIR) 0.85-0.88 Emphasizes biomass content and shorelines
Band 6 - Short-wave Infrared (SWIR) 1 1.57 - 1.65 Discriminates moisture content of soil and vegetation; penetrates thin clouds
Band 7 - Short-wave Infrared (SWIR) 2 2.11 - 2.29 Improved moisture content of soil and vegetation and thin cloud penetration
Band 8 - Panchromatic 0.50 - 0.68 15 meter resolution, sharper image definition
Band 9 - Cirrus 1.36 - 1.38 Improved detection of cirrus cloud contamination
Band 10 - TIRS 1 10.60 - 11.19 | 100 meter resolution, thermal mapping and estimated soil moisture
Band 11 - TIRS 2 11.5-12.51 || 100 meter resolution, Improved thermal mapping and estimated soil moisture

Ekova 3-2: Qaouatikd KavdALa kot EQapUoyES TouG yia tous 8ékteg tou Landsat 8
(renyn: http://landsat.usgs.gov/best_spectral_bands_to_use.php)
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BS ™~ <~ T ' T LANASH S LM AT g T e Y T e
‘,,\|>v-.v|u1|qh/\
Jues LT >waAh =Y  <hpfhaAYQA_ hHChysgse " ah " h'w AR~ "higzip> * h
ét’ar@zé,@h Y " Y h N . >~ '8 >@EpRShh °¢ hh_‘h\btrﬁ’j’serB_.j’:hEsy\vmw A
A" SWaot s ' L. g ' h ~ 0t Y TR B %

<E 6 T>AC As _ht GBSh h{yfh Tkt . A

B ' C A", AY "ICYhhA A

ShoY S h s g3t N B CIANA®Y h h'A ' <™ " "R g tsh'C B &~ h

B A fw TV LB LT SWAL AD

rh‘ [ hy >, > Y 7« ¢ m g~ W";hA"Bl'ﬁ-bitAh h mE h * &

¢ h A GeoTIFF ° s

1

(" >h_ > 6 138 L Lhph B S yE CSE G s v h =Y w<# ">SHnask¢"h * Hx’th
_" h‘“_w<5‘$h>“c_loﬂd‘¢hh<1| ﬁh“’rs"_s)‘(m|>"’>jstiz_h >5_h{5
(metadata) 1 h ¢ h * B B~ ‘/B>'w¢’ ~ K h hy ", wgz*,psh O B ' 3 ‘T ¢ w ¥
h oo " h = ! o< iLgnhdsat & Wandsathp _ CL&hdsat 7, T 8 L U W Lo
B~ " T <wY A h ", 8’ hy Whe 8 W INA’ hE B >.8 A Y1 BBA BhvTBYS 8 & W h

19

>
2

h

> h

> WA

~ h
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Ewova 3-3: Eneériynon tiuwv tn¢ etkovag cfmask
(rmnyn: http://landsat.usgs.gov/documents/provisional_I8sr_product_guide.pdf)
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Katnyopia KwdwKag Znpueiwv
1 rs"¢_ ' nph*>~ 1-20
2 nh Y [ AT A 21-33
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4 v, T wooos T 61-84
5 B> 8 <. A5 85-97
6 r' B~ L >8 A B~ - 98 -110
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Mivakag 3-1: ApxLkéc katnyopiec kaAuWnc/xpnonc yne kat Kwbikoi Twv onUEiwv Tou aviKouVv o
QaUTEC (mpLv TNV avaAuaon twv Sedouévwy)

Katnyopia

Ynokatnyopia

Inland waters

Deep inland waters
Shallow inland waters

Marine waters

Deep Sea
Coastal

Artificial surfaces

Continuous urban fabric
Discontinuous urban fabric

Forests

Forest 1
Forest 2
Coniferous forest

Agricultural areas

Fruit trees
Non-irrigated arable land

Vineyards

Shrub and grassland

Natural grassland
Moors and heathland

Sand beaches

Mivakag 3-2: TEAKES KATNYOPIES KAl UTTOKXTNYOPLEG KAAUYNG VNG, OTTWE MPOEKUY AV UETA TNV AVAAUTH TwV
bebouévwv
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Corine land cover classes

1. Artificial surfaces
1.1 Urban fabric

- 1.1.1. Continuous urban fabric

- 1.1.2. Discontinuous urban fabric

1.2 Industrial, commercial and transport units

- 1.2.1. Industrial or commercial units

- 1.2.2. Road and rail networks and associated land

‘:I 1.2.3. Portareas
I:l 1.2.4. Airports

1.3 Mine, dump and construction sites

- 1.3.1. Mineral extraction sites
- 1.3.2. Dump sites
- 1.3.3. Construction sites

1.4 Artificial, non-agricultural vegetated areas

Cl 1.4.1. Green urban areas
|| 1.4.2 sportand leisure facilties

2. Agricultural areas
2.1 Arable land

2.1.1. Non-irigated arable land

I:l 2.1.2. Permanently irrigated land

‘:l 2.1.3. Rice fields

2.2 Permanent crops

- 2.2.1. Vineyards

2.2.2. Fruit trees and berry plantations
I:l 2.2.3. Olive groves

2.3 Pastures

I:I 2.3.1. Pastures

2.4 Heterogeneous agricultural areas

Cl 2.4.1. Annual crops associated with permanent crops

I:l 2.4,2. Complex cultivation pattems

:I 2.4.3. Land principally occupied by agriculture

I:l 2.4.4. Agro-forestry areas

3. Forest and seminatural areas
3.1 Forests

l:l 3.1.1. Broad-leaved forest
- 3.1.2. Coniferous forest

3.1.3. Mixed forest

3.2 Shrub and/or herbaceous vegetation associations

\:’ 3.2.1. Natural grassland

|:| 3.2.2. Moors and heathland
|:| 3.2.3. Sclerophylious vegetation
\:’ 3.2.4. Transitional woodland shrub

3.3 Open spaces with little or no vegetation
|:| 3.3.1. Beaches, dunes, and sand plains
|:| 3.3.2. Bare rock

Iﬁ 3.3.3. Sparsely vegetated areas

- 3.3.4. Burnt areas

|:| 3.3.5. Glaciers and perpetual snow
4. Wetlands

4.1 Inland wetlands

|:| 4.1.1. Inland marshes
- 4.1.2. Peat bogs

4.2 Coastal wetlands

\:’ 4.2.1. Salt marshes
:’ 4.2.2. Salines
|:| 4.2.3. Intertidal flats

5. Water bodies

5.1 Inland waters

|:| 5.1.1. Water courses
|:| 5.1.2. Water bodies

5.2 Marine waters

|:| 5.2.1. Coastal lagoons
| 5.2.2. Estuaries
| 52.3. Seaandocean

Ewkova 3-4: Ot 44 katnyopiec kaAuvpnc/xpriong yng tou npoypduuaro¢ CORINE Land Cover

S -
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Wi, >M3:06 hagi48 s h ¢ landsat 8, € h ¢ ¢ h ' Goosle MapsS) hA &
B, ST Y £ A < lahdeat 8D A S _"coast# aerosolz

hz' 1" 6, ANY Y Ch AR <] H LS hTt et Yuotehh A gt
“h U landsat® nA >waAL X T, 7" ¢ 'landdaty. T B >REBI4-, A
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Ynokatnyopia RGB 432 RGB 543 Google Maps
Landsat 8 Landsat 8
Deep inland
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Artificial Surfaces

Continuous
urban fabric

Discontinuous
urban fabric

Forests

Forest 1

Forest 2
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Coniferous
forest

Agricultural Areas

Fruit trees

Non-irrigated
arable land

Vineyards
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3. Me§oboAoyia

Natural
grassland

Shrub and grassland

Moors and
heathland

Sand beaches

Zxnua 3-2: Napadeiyuata onueiwv yia kade vmokatnyopia LULC tng ueAétng, os ouotko kot 5-4-3 éyypwuo ouvdeto ewkévwy Landsat 8
kat o elkéves Google Maps

CE B BB AT RH Y Y hy B' >B KW s 58, "Iy s <h ¢ h ' A' Shepa'hhc *
181" >WA, AY ¢ h ¢ _ ¢ ht h = "> ~h" > >h h = YQGIS.” * Ah Ch h
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,( Attribute table - newpoints :: Features total: 173, filtered: 17...

y/ m| &€ - - Q:; H®)

id category X Y
10 11 forest 648111,3440000 4411536.6300000
1 12 forest 647223.0280000 4410593.7900000
12 13 forest 647402.4950000 4412349.8900000
3 14 forest 654430.1890000  4406432.0400000
14 15 forest 650205.7570000 4403394.0500000
is 16 forest 695371.2470000 4509156.4400000
% 17 forest 694390.5040000  4508399.9700000
17 18 forest 694715.5500000 4508198.5400000
18 19 forest 695422.0380000 4509748.3300000
20 forest 693200.5650000 4509528.5900000

21 coniferous 699480.2410000 4440330.7200000
22 coniferous 675601.6140000 4527861.9800000
23 coniferous 700058.6270000 4441102.9100000
24 coniferous 698541.1080000 4440430.3200000
25 coniferous 699212,1330000 4439304.7300000
26 coniferous 667868.4090000 4502007.2000000

27 coniferous AAR41A 42200NN__ 4501854 G0NNOAN |
\ ¢ Show All Features,

Ewova 3-5: Ta teAtka onueio mou €xouv EMAEYEL Kot 0 TIVAKAG XOPAKTNPLOTIKWY TOUG oto Aoytautko QGIS

3.3 Avantén AAyoplBpou EEOopuéng Xpovoosipwv and lewXwplkéG BAOELG
AsSopévwv

A B AT ' h hoo oo S8t u TR, 8 h ¥ C{‘Chp'ythofﬁ"" h Ah
i" - '>h’h5‘ 1" > L 1 w, B ° _' 4‘/\h_' '_h B -
YA Y B"WI _'<5“‘<.“’“¢_/\ 1 B1L Y >SWA, AY ¢ h ¢ _ ¢ ht
‘JCBC">W/\BI . Y ANY B W. 1 h ‘<"“’I A>HB My >w A,
h‘_'z - 7w~ B¢t A h h Ah | & L S '_'Z _h _'<B“‘¢ -t ¢ h
server OEratoé T B 71 h T ' <o T " o R
ST M @erven M 0 <<wi T A NI T T T wVEALMYTA B
h _">h_"“’">W/\5| {'h{'ﬁ‘h"slz _'<|5“‘¢"“Ch 1 B ]
hoross Y cw h¢v <~ g Cohtw SR 1t oh " <h
K_' . _ " S wo e /\‘wl -y . * ‘"</\<hWJ<§"'1 'hl‘\q2 '-l” /\Kw_“’s 'V\h_ ~h
R T WAh > Ah L "¢ 'seryprT Ah T R Rt s vy 0 et oY C' A" S
, 8 v/datafSatellite/path_row/year/month/acquisition/(eikdéveg og dopuatr tiff mou
neplAappavel Kabs apyxeio SopudopLkng oknvig).

14 ¢ _ 1 v ¢ h. - {‘ Ahts/\{h“h_‘ _"‘C'BQ‘ B~ Y >h ~ sY Y >swAaAY . _ 1 B A1
L1 >WA, A ' T T homhchah g T S OO Cha > bt O ¥ Eov "o

C o4t e h T T hfth T RS SKwbikad yia v EE6puén Xpovooelpwv Inueiwv

3 https://www.python.org/
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3. Me§oboAoyia

and lewywpikéc Baoeic AeSouévwy oe yAwooa Python”. 5 “Pythonh ¥~” Y8 <8 Y ¢ 77
o> > h T . - ¥ 1 7 h >">‘h"_ ’V¢I hy< ">,W/\‘ _hh ‘h T h. ('x_e@(’fmct_bix_v’al.pyé‘? hh*" ., 8 * h
Omainfunction.pyé¢, =~ _ 7 S htwahh h' YA Crhtoss> 0 4 Th BR ST T T,

CoME U Ah T s ECOAR T TN AML TR SSRTIRT WAMSE AW T

B A T <_ A >" Y 7B A h B ¢ B <8 h T Y << w w "

-y wY, " AR T Ty Lt C B Y. A h 7 "8, A ~ hh B OA h

n sv"J"é[l@’_h‘C'h>h 110
Ayt 4 hm>w T pAis LG D
ms L. . S w th Bt nPythéné,WNKK /(_BtshC'_J lz,e(h?_“h_h" hA .8 h

Wxtract_pix_val.pyG h4hainfunction.pyQ ~ & whT AT D

{*Chl 1t h YA rlv"V' v NSOk

Y & AR U7 lextraettpix_vah " T>Th< T B T Yy s 0 TUUBAAE  h T Sk Y
Cw ' T h A, : "A B'C ' Ah ¢ h: "E W BER K'Y Wt ‘D> N

b & AR ' 7' mainfénction>A T > . L' <_. AB" ¢ ht > AT >h

AR 7o ~ - Yy hs>ss>h Y S SWYH IR SARKRTA' YT Y h

extract pix vald & R _ " hah 7 > ' mairfulction, 4 w . 8. hH T @ >
h 7, 8 Y (Bv'ngpgl/\'hL [: I > ')Csh‘s')/vfn/.\'s ' O 2 A -
B - h " v A ) w Yha' v, >sh’ ¥Y¢ Ayt ' - w Bt "yt 8 7 Y 1 " h [

n + N
'

W A h

A
"> Y >t AT h oty REEhAseS L ] ] € gl € 'S b O
W' hy Ayh® Qs ,hAa0h™v R h> A s ' ¢ AChh Y “Cthtw,
B'CV/\:‘_"‘Lms/\’_jy\’h_<'<"2";1<"1’_y"s_h""“’l‘_d."h‘_lj

BT AT 035k 8" S ciinasK ewdwar® [ F <S8 A Sty © AN
" AT extraxt_pix_val,t th h ' >8h =7 BT QMBS AT h h s

" >w oA hoA_ 7 LA BRI AT AR BT L ALBT Y SWAL A

A 1 '_J , h||> >ﬁ ﬁ [ ,_ >r1y~ K~ ot PathGRéW__'v . 1 , . , a _"ﬁ/? w I-q ’hl_f - S B Al
PURSESh O > YT TG B TR AT Hpdth) T T T T<g T e A
h ¥ 7 , "{’5'49“’h>|3N‘/\_hw Yo 1 ¥ 1T h'>N>'W5_I" “_/\‘“h"“ "C'_h4,<7\<.‘1_hh t h A

>8 177 §TULWIC_t pdtirow T TB T T <wa ¥ &8 AAN

A Y AwWL st hxp gt th T xS w AN Ty h >t > oy

>
- N N ' - - [N -

K 2ot om oo v - v h ¢ we> " s h VoV N v Yoo W e MoK 'SWUAChY A [T

O > h 1 B >w Ah

A 1 N 17 h > >Wh. - 6_8W . 71’9 _ 4/\‘5C_ hh ¢ _':’ >4‘7\""I'<‘_, "_“’H . - Y g™t _ " _
Yoorw B ° h =~ v Cuve " %3 &d G sh ' A B h 1" >S"w AsBw , ¥ | M o
K ~— <¥ j_ m:>\¢‘ . ‘ K- ”h>%\W5>”W; , t B - 'Jh ) h>;h>_"’ - ﬁhlzh)j_%h">h_ ~

<. A A _‘“_‘“ *h, 'B.° B, "/\Z,{“'B"/‘\' CB ' SWA, T ¢ . ¢ ht Vot h N _ B h

v v N N '

> h, . A B¢

A [w<™ 5 _ ' 1439 hhosgw b amghpiainfunctibns Ch ¢ h s s ¢ AR T Y W,

A > : ot >h T RS > ht <2 htt hw lsh',‘ sht~ “‘_‘“q‘fwm‘_h:/\sh‘zv' R
h,v'h"rw‘é‘"‘l/\\h/\qy’_'"‘”<h<‘w_1"’l/\z_h' " <h _h -t o> h
' * AW LB *h B 41 "7 hh > STUA Ch U JhB'h‘$B$,"'WI' > fv {/"{‘ X0
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3. Me§oboAoyia

. PR . . PN . . . o v .
7. ho .8 sEript} Pythoft 8 COWE < 'c ¢ & w4l N L(38 W F apath-
t > ~ t [ - S
row:183-0H ¢ h > 132)uEt hC R s mwymh h _ hTM,_ETM ShhLandsat 8. 1 & 1 >W AL,
n- SWATLWG WM b, Y78 " Ch o cgyz h BEh T h S5 SN T T T A h =~
vV B, “Tth*” hmoom 7 ¢ RO Y MJpE Y w o, B s"<515“|3““7\h‘;sh‘hj" >
w A h w Y'Y h~ B B v ' {7 B > Ah ' ~h ” h¢h . B ' C Ah D
Standard |Standard |Standard Standard |Standard |Standard |Standard ‘Standard |Star|dard Standard |Standard (Standard |Standard |Standard |Standard |Standard
1 pid I3 ¥ Tid yEar doy month  day ®»Clear cimask bandl  band2 band3 band# bands  bandr
T 675995.73 4531543.39 LET1830322004056AS5N01 2004 056 2 25 5.478 4 4059 3963 3974 4669 2328 1835
Tl [f23642.81 4516935.02 LET1830322004056ASN01 2004 056 2 25 5.478 4 1sez2 1751 1808 2640 1718 1149
TZ [f22592.4 4517046.17 LET1830322004056ASN01 2004 056 2 25 5.478 255 -9999 -99399 -99399 -9999 -9999 -9999
T [f23731.19 4518170.07 LET1830322004056ASN01 2004 056 2 25 5.478 4 2226 2188 2342 3350 2393 1825
Tﬂl [f20499.95 4517384 .14 LET1830322004056ASN01 2004 056 2 25 5.478 4 3370 3302 3434 4283 3905 3559
76 723041.57 4510991.25 LE71530322004056ASN01 2004 056 2 25 5.478 4 5094 4991 5112 5815 4974 4725
2 6 693527.87 4500279.9 LET71530322004056ASN01 2004 056 2 25 5.478 4 2790 2840 2870 3637 3364 2716
EXd 679864.32 4496143.72 LET71530322004056ASN01 2004 056 2 25 5.478 i 246 168 171 338 231 121
10 648590.27 4404516.97 LE71530322004056ASN01 2004 056 2 25 5.478 255 -99398 -9939 -89989 -99399 -99399 -99399
118 647270.11 4404180.14 LE71530322004056ASN01 2004 056 2 25 5.478 4 640 514 408 7i4 271 125
12110 649130.34 4408279.93 LET71530322004056AS5N01 2004 056 2 25 5.478 4 1280 1263 1293 22086 834 578
FELiER 648111.34 4411536.63 LE71530322004056ASN01 2004 056 2 25 5.478 255 -99398 -9939 -89989 -99399 -99399 -99399
412 647223.03 4410593.8 LE715330322004056ASN01 2004 056 2 25 5.478 255 3045 3056 3156 3714 3375 3600
15113 647402.5 4412349.9 LET715330322004056ASN01 2004 056 2 25 5.478 255 636 668 650 1328 1099 578
g1 654430.19 4406432.04 LET71530322004056ASN01 2004 056 2 25 5.478 o 241 106 a3 359 303 160
715 650205.76 4403394 .05 LET715330322004056ASN01 2004 056 2 25 5.478 255 -99398 -9939 -89989 -99399 -99399 -99399
g6 695371.25 4509156.45 LE715330322004056ASN01 2004 o056 2 25 5.478 255 -9993 -9999 -9999 -9999 -9999 9999
9L7 694390.5 4508399.97 LE715330322004056ASN01 2004 o056 2 25 5.478 255 -9993 -9999 -9999 -9999 -9999 9999
FE 694715.55 45081958.64 LE715330322004056ASN01 2004 o056 2 25 5.478 255 -9993 -9999 -9999 -9999 -9999 9999
<
Ewkova 3-6: Andonacua apxeiov tumou CSV, onwe mpokumtet wg £€€060¢ uetd tnv ektédeon tou kwoika oe python
[h  ~@ér"h " Chicow § > " shw) ,h> A&~ h*h AHY si°Chs phh
{5{“‘>/\Ivfy\ ¢ h nc[r 8> Ah YT > B O 1 _h BV"‘ Y
. oy . . ~ — v s . ——
Y% pid (Pointido Y ¢4 ¢ 8 L WY > 1
Yo xY TN xXEB T Thtissew AT .Y o ot sh 0 Ah
VooyY o AyETNISWAETT DM T et 6tAh
. A “ v v , - . .
% fid (Fileid):_ ~ A~ >h 7 h " ¥ ks O oAb
]/2 year:l . 4 ~ A" <"_Jl’ Ih ‘{<"II " ‘\ )(I‘I M ’/\H (“' n '
, . . .
% doy(DayOfYeart Y ' _ ™ >ww h¥ ' <mogmoAt
% month:” >" Ah ' ' >E"Y>' AThHh <"
]/2 day :I ] > w i h _ ~ . > " /\ h _ ] ' ' > B . ~ > ] /\ > h ' < n . ] '
. VN . . , . O e
% %clearY _ _ _ - A S h et h T pfmaskt € hpendsat” vt AT oA 8
. - . C o . . .
Y% cfmaskY ' _ " >" cfmask . P ATh > WA >
% bandl:' _ ' >" hAhC<h® * ¢ '¢hahhc o>
% band2:' _ " >" hahC<ch® ¢ h<h y ¥ > T Y h A
% band3:' _ ' >" hAhC<h® t ¢ v ho vt s Y h AR <
2 band4:' > hAh ¢ <h ™ ¢ 'Ch AR 7 > T T
145  band5 :' _‘>" h/\h¢<h‘_‘¢'_'_h‘ _"\ “>5"" ‘_" h Ah <°
2 band7:' > hah¢<h> 0 CrC AR 7 L T
m*_hh oA _ 7 th eI h ., Mahdiaty 1 B 4 7 SwWAh s ° w A h 6> <w™ AT 2w AT
oMyt oh N ¢ b wFGL"(bawd6)..
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3.4 Eneepyaoia kat Avalvon AeSopévwv

3. Me§oboAoyia

1. A B AT Th K R thoyist hhytt ¢ oh > h - B¢ % g% "4 hAhe&s ¢ h"oh o
ST h L ter e A LB SWALAD M, ChELLUUTCRA g LT > woA
B " h WI o A jcfgvr's"", AT Y w ¢ ., hha= ", "W/\v(p’yq:hg"mlsdrip‘t)h"’ .

h/\h'_ PO " S ()

1 . > ' >8C Y b b h Ahi1 ¢h B“. Kmh ot "rquz_h/}"mr;h'¢l‘l{hq5h“1" ¢ h > .
B'BVB'Jh"hI ,“”"/\ “h_"/\B’b‘Z\"[h‘J?h ‘11"2’_“'320_‘ '(.‘Ih/\ksh/\ 1 ' <_ AB
Loh Y s PO TTThs T 8L B L T SW AL A

s BA_B L T.>AWKAT h T h M8 L UAY T Landsat’4 - 5A

Yo ] L8 AkSW AN ETMN T ¢ | landsatT ¢ h ¢

Y s 4t h ' hT'h (aRdsat8 " s '

BS ',3'' A haAah< ' TMACETMEW " '>AVBA . .A¢ MhA<'* Bandl-blue > W .€7h"~

¢ h ARBand) 70 8 ¢ _ ' o7 ChARM AT A ch AQM dandsat' y’ 0w 7 >W AL AZ
Lo >y oy r st ¢ hgand 2¢blue B A MB&nH7!Short-wave Infrared (SWIR) 2.

CE _BVB'E‘h"hhAEl({\“.{B{TﬁWA'I/\ ¢ ht ! 1 >"" 1 7 h . A
TR > h Y SWON A CR Y DO <Y Matlab AL W M A S Y e
Microsoft Office Excel. B A _ * ~ __ 7Excel, B <8 * 8~ 7 <V Uiyt s TATh TR TS s Y T
8 ° A hLibreOffie Calc.

1 T VO hCsih ST st > wAY Ah > hhs"h s s Y
h"‘se’xc‘éLn/\""""‘ '_Chh Al B L1Y"sShw AChh ¢ B h{“’"‘ﬂ‘péth‘_r’cy\,‘(,ﬁ‘h' ""g,‘_" A
{‘h)“’hs’_L‘ZC’WMAh 1t h ¢ h * B B 1 B4 Y >SWA, A

e - __" ¢ h* h Ahis ¢ h >~ i " >h -l. h/\h<"l s > Ah* A h ¢
BC B AL - 6 myh hv e Y ey SH e wink -‘__v L < T h Tt s
181 Y >SWA, AY _‘_ts A h h_h<i5'"",FrmskW"B'leni\h4y(7"'ka'v,lh
JUUAY Y AAE LY Sh Ah = h 7 h>s’> A" A 7 ("(FChh*hh""ww & P s
ThohT Mt e WA W h w6 fmaskhs % wha BT S tiéaf)  'Bwater). 6

H4 “h gy ® ¢h ™ h h L " - h* 1> h{_‘“h‘,“"‘ ‘B h’ _‘h " vMﬁﬂaBESXE@DD_' T~ S’)‘ . DY

T <whiTs' h " gfmaskgg A b YT A >y oAt TThh A e M
¢ h 1 clear® Bwaterh A _ 7 ", _ 7t . h

1_' N . NG ¢ B éhz‘w_'B\NJ'J h | Wzvl<t5h‘511"’/(_"4_"7\ 1 h """PJ‘/\jf" L. R -1
‘_“‘5"jh|\/|gt|§b"z/\>5 _"_/\'L"B'h‘_W'+ B~ B VE 1 h]lBERY SWA, A~ ¢
LTOAT TN T O A St T A S fh bt A _II" >wh _ Wwbwdc yia v

eneepyaoia apysiov mapatnpioewy xpovooelpwy o yAwooa MatlabQ@ + ¢ 8 ¢ 7' >wAaAh 3 > ¢
1 " B 7B A'TT Y Y ¢ h“_'h ‘h’h_' " B'WI>E_'B/\’)\/\/\h“‘ >‘ts”h,h1/<>d1‘h_‘j">€whh\13hl‘

h = 5"{’h‘5‘. ‘_'/\ h Ah ¢ «<h _'Q"_'_h "’\ ""'{h<",/\_h
1t h Ch*wAah h""_>has’iqﬁdj{"n'g'je"?hh/u_"_“‘L" 1 *“hi1 " h>s>h S B
ST Tah,wo <L A LA Thohoromtw A Y

1. . ">31"hg~ " Ahb" K AL 8f Ch € ghhiw w"hs  h __.hon 'Sk h
14 Qh‘B_"hl/\hﬁ)VV\f"/\Bh_"h>'W"Bh/\h‘.‘{h"_‘ﬁ?\h?ih‘h‘qlﬁhIJ'h>>" N ¥ 1 " h a7
hA_* " S  hs = h >t ""ho 'Y st ) YOS S E T AR hs G < h o>t
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3. Me§oboAoyia

h A £ _ wWAhs°’ h ‘¢|>hh/\_hl'<“."1'(§t5 [ §yv_/\h Z"¢h’/€*<"y‘_lh_v""/\/\h > h /\_‘ * _ Yo,
N ChaAhgs GET Y Chalpkh: M Chesv" dhpw s h™™ ~ ¢ h AR <
¢ h aAh <t c h A "'CB'_h">w‘/\h {Eh].'hlhi]?h_sh/\hl"'z_IBB/\{_B’>‘C

: _ h 1 " hi1 " h >>h _ Dandshat'y'z 17 B “¢>IV\A‘/\<h" * ¢ h * B 17 Bapd>H" IW.BI’ A h > |
Band 7.
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Sxnua 3-3: Mpa@Auata UE TIC PUOUATIKEC UTTOYPAPES aTTo TIC Tapatnpnoeic tou Landsat 8 yia téoospa emideyuéva
onueia pe kwbdtkoug 81-260-50-145, twv katnyopiwv “Quoikoi Bookdtorot”, “Badia OaAdoota Yéata”, “Oauvol
Ko Xepaotomot” kot “uvexng Aotikog lotdg” avtiotoya.

r’h Lo Tt ! h S>> 4" h TSI Swm®” h ™~ h as,” AW phy 80 v
.Ah T h e TR Y SBYYY o 1 *h w Y A CE

>

>4 Bh 7 i<t > h
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3. Me§oboAoyia

h = ' h ¢~ h > g h w B Yo' ww B h, YAA YRt A aWBBhY A h oA
5 h -~ Wi~ . . - “h B'AThUmCvestw P Ce . ¢ - h
A AWN T _ . ' h _B'A >'wW A A o . _ .
3 B R 4 1 ] B > ] , . _ B € /\ ' _ ] _ h . - v A € - l_g > E‘ h < ~ € /\ . h > IA A W , h _ " > w
A B T 7 4 7 h O A . AN ANB, _AOD
¢ . . . N~ 8 ¢ - N - ~“ )~ Lo~ , . , .
nAtLs ¢ _/\\s CCh ZA7,h ] A D h _ “hh .>kh _ h B> >vay,\'h h h _ B _ h
, e ~ ' ' s Qs , y > ¢ tn v v
AT honueio 260 ' ¢ M _ ' 4 Badid Baddoowa Yara’r  h A _ _water), W . " h M7 10 8
h - v st e ~u . A ot op 1 ~ 1 ¢ g ¢ 7 Y w ' - h
_ 7 A rmask > : ofmasgk). n ™ < hE . _STWoA
s Y - Y>8 , h” Ahh?"® ‘/\I‘B"'>31>‘W B hah Akkh® e '
> 1 h < B B, wt " TSy, Y s ALB BB ARKY I""Vh  wh Y 7Y A M oyt
A ' - ' v ' N ' - 2
1LY ASESTSTAL Y <o AT T AmE T h Ty
pid =) X Y fid year doy month  day %clear  cfmask bandl band2 band3 band4 bands band7
260 ©65704,9 4452964,7 LE71840322004191ASN01 2004 191 7 9 99,872 1 671 519 466 464 346 325
260 665704,9 4452964,7 LE71840322004207EDCO1 2004 207 7 25 80,996 1 572 385 267 220 128 120
260 665704,9 4452964,7 LE71830322004216ASN03 2004 216 8 3 94,976 1 503 290 207 155 45 91|
260 665704,9 4452964,7 LE71840322004255ASN01 2004 255 9 11 54,714 1 454 267 168 163 83 58)
260 ©665704,9 4452964,7 LE71830322004296ASN00 2004 296 10 22 57,064 1 541 285 50 33 4 -31
260 665704,9 4452964,7 LE71840322004303ASN00 2004 303 10 29 56,525 0 2207 2018 2011 2069 2238 1862
260 665704,9 4452964,7 LE71830322004328ASN00 2004 328 11 23 86,939 1 452 263 171 91 69 36|
260 665704,9 4452964,7 LE71830322004360ASN00D 2004 360 12 25 94,376 1 533 353 147 116 80 43
260 665704,9 4452964,7 LE71830322005042A5N00 2005 42 2 11 68,665 1 479 283 199 90 89 101
260 665704,9 4452964,7 LE71840322005049ASN00 2005 49 2 18 72,71 1 604 366 257 190 128 86|
260 665704,9 4452964,7 LE71830322005058ASN00 2005 58 2 27 85,468 1 386 211 140 60 69 28
260 665704,9 4452964,7 LE71840322005065ASN00D 2005 63 3 6 78,256 1 328 132 45 73 25 76|

Ewkova 3-7: Altoomaoua Tou apyeiou UE TIC mapatnprosls Twy onueiwv and to Landsat 7 Sopu@dpo. Me xpwua
Toviletal pLa eyypa@n yia to onueio 260 tne katnyoplioag ‘Badia Oaiaoota Yéata’, emnpeacuévn and oUVvepo

© UGl L14.2-Lyon - =)

roject  Edit View Layer Settngs Plugins Vector Raster Database Web Processing  Help

NMEEROR YOG s2eopRDOLRA@aG -0 - e ERY =- o R N

Layers Panel g X
& THTo

@ newpoints
¥ LE71840322004303A5H00 st band2

[ B2

7906

v

LEEEREEYL ES

%
%
Ewova 3-8: Ztyutoturmo and to Aoytouiko QGIS yia tov éAeyyo tne eyypaprc tng etkovag 3-7
B¢‘<" Ahs > h Cw' > _hhh{_goh/jéioi%orm_'_Vh';|>’*5v_h h“"_‘B<W‘>h_
h, > 7" A _ 7 landsat g h, """ Y 7'hd, ¢ AghT 8 g B Ah h=">7h"*>h
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3. Me§oboAoyia

> ~ r~ T ~ v > [} t € " 1 L} n N > vt ~
hA_ h_""." & 1lTardsat 8),, h ° A6 ' Bffnask® @ < W aB" >¥ " ghy A >3 4Tt oh
. '““’v[<51§‘L"J¢|s¢"‘h>’wh/\'""‘%[Swlu"/\/s‘h’v)\/\ﬂ()n'C_'/\h 0
10).

pid -7 X ¥ scene year doy month day clear® cfmask band2 band3 band4 band5 bandé  band7

260 665704,85 4452964,74 LCB1840322015277LGNOY 2015 277 10 4 92,302 1 308 166 98 62 27 15

260 665704,85 4452964,74 LCB1830322015286LGNOY 2015 286 10 13 43,631 1 348 180 109 74 60 51

260 665704,85 4452964,74 LCS1840322015309LGNOC 2015 309 11 5 99,771 1 280 155 91 58 30 21

260 665704,85 4452964,74 LCB1830322015318LGNOC 2015 318 11 14 75,324 1 1055 821 704 655 548 390

260 665704,85 4452964,74 LCS1830322015334LGNOC 2015 334 11 30 11,673 1 899 794 724 693 485 444

260 665704,85 4452964,74 LCS1840322015341LGNOY 2015 341 12 7 69,191 1 515 356 274 229 135 114

260 665704,85 4452964,74 LCS1840322015357LGNOY 2015 357 12 23 98,193 1 325 205 110 68 15 13

Ewkéva 3-9: AmOoTaoua TOU apyeiou UE TIG TapATNPHOELS TwY onueiwv amod to Landsat 8 Sopupdpo. Me ypwua
Toviletal pLa eyypaen yia to onueio 260 tne katnyopiag ‘Badia Oaiaoota Yéata’, emnpeacuévn and oUVVe@o
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CSV file
gAlK
coordinates

(%, y)

LJ2

Python script

DATASET of Time Series
for all points

time
series

Discard observations with

1
' OFYIl 4y
! OF Yl a1

Spectral signature
analysis for each point

Detection of noise-
filtering needed

! MEAN""® ¢ STD®"® < Blue Band value < MEAN

| &

' MEAN"™? ¢ STD™ < Red Band value < MEAN™ + STD™®
1

1

1

1
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1
1
Py
1
1

Discard observations if NOT :

Spectral signature analysis for
points in the same land cover class
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+STD

&

Spectral signature analysis
for each point

1

: Discard points with

: different spectral attitude
1 in each class

1

Creation of time series

diagrams for every
land cover class

Awaypauua 3-2: Ataypaupua pong tne pedobdoloyiag mou akoAouvdndnke
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4. AnoteAéouara
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Surface Reflectance Value - BAND §

4. AnoteAéouata
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Surface Reflectance - BAND &

LANDSAT 8 - Time Series before analysis - Kuvopdpa Adon

4. AnoteAéouata
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Surface Reflectance Value - BAND &

Surface Reflectance - BAND &

LANDSAT 8 - Time Series - Apmrehaveg

4. AnoteAéouata
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Surface Reflectance Value - BAND 2

4.2.3 Ynokatnyopia BaBid Oaldcoia'Yéata

4. AnoteAéouata
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Surface Reflectance - BLUE Band

4. AnoteAéouata

LANDSAT & - Time Series - Bafid Oaldoma YaaTa
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Surface Reflectance - BAND 5 (NIR)

.
4. AnoteAéouata
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Surface Reflectance - BAND 4
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4. AnoteAéouata

< n
I I I I

g%
— PRI &8 g
’ RS RN

h
Al

g

T
B cow g o s
+
:

* *
-t

- MRS A 3

v
I
o
!
#
4
+

h " "ARK <h
1 AurteAwvec. s
w

PRI
— ....u.,.... ﬁw...u..

A

— . e g
R

+
&
- .. t?mﬁ.&.xz e
v

>|
v
ht

“ ¢¥ hy)

Chh %
‘/)\k" *>"h
I
i
¥
'i’
S,
i ¥
& N

<

*, \\\30 .
S R TS s AN
— Ty 4

“Ywt hpt

>Ww A h
A
~ =7
N
B W h

. o ¢ uaov w«-ﬂ) »m.v.eﬂm.. .

n
h

5 v

. N
4 fler AL ke

P

>

£

>
[

.
+

w
'

- s tewsE v,

/(th <t
T <

LANDSAT 7 - Time Series - ApmeAmveg
T

” Matlab.
[

I
.
.
-
¥
o
o
)
RS
A

BT hy L THEAR S T,

1Yw C‘E_TIM
1

>

"¢ ¥ Y hes U

h >>h ¥
h A B h

<~ ¢ H “hsy

C B ~ h

t
1
-1

© 1 h <8 ‘Curve'Fifting |
|
i
HY

1

<
h
sh'¢
"W
I
K
*.

A
4.3.2 Ynokatnyopia AUNEAWVES
B

..... [t

g splineQ
i
4,

TR S W Wmoothin

T

g

]

i

¥

Ry

+ f

L td

PN
[

- PR i)

‘A ne,
|- + ‘.owf .
. b

AETRE T MR
+ Plan
y

5000
4500
4000
3500 p—
il
0f
2000 —

¥ Ohvg - 89uzos|jay 8oejing

1500 |-
1000

gpay
51980
516y
Ghdy
ioe0
1By
pHdy
1280
€1y
gldy
z1°ea
ziBny
Zudy
[EEh]
LBy
b pdy
01280
0iBny
opdy
60280
606y
soidy
a0eeq
0By
aoidy
1070
LBy
Loy
90780
90y
goidy
50080
S0y
soidy
fareEl]
0By
poidy
€080
0By
coidy
zorea
20y
zoidy
[iveEh]
LoBmy
Loidy
00280
008Ny
ooidy
66200
666y
6idy

daAt 4 tou Landsat? twv onueiwv te

B>"8<-As

AQOTIKOTNTAG OTO KOLV:

o TWV TLUWV AVOK,

Awaypoppoa 4-15: Xpovooeip

umokatnyopiag

>

th CA !

N

h AhC <Hh

A

Ldhdsat 8 (n h h 11 % hg)sphin A

nnnno® [~

AL ' B

" v ¢ h‘>'—v

%
YIATUThY BT W B

¢ n

B

h >

h yis & 1

53



Surface Reflectance - BAND 1
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Surface Reflectance - Band BLUE
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-*- coding: utf-8 -*-

/***************************************************************************

copyright : (C) 2015 by Evangelia Giannakopoulou
email : evgian91@gmail.com
Notes : 1) Works ONLY on Linux platforms

2) Needs modification for Landsat 4 -5 and 7 Surface Reflectance data
***************************************************************************/

/***************************************************************************

*

This program is free software; you can redistribute it and/or modify
it under the terms of the GNU General Public License as published by
the Free Software Foundation; either version 3 of the License, or

(at your option) any later version.

*

This program is distributed in the hope that it will be useful,

but WITHOUT ANY WARRANTY; without even the implied warranty of
MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE. See the
GNU General Public License for more details.

*

You should have received a copy of the GNU General Public License

along with this program. If not, see <http://www.gnu.org./licenses>
*

***************************************************************************/

import os
import fnmatch
import datetime
import csv
#import gdal
try:
from osgeo import gdal
from osgeo.gdalconst import *
except ImportError:
import gdal
from gdalconst import *

execfile('extract_pix_val.py')
execfile('mainfunction.py')

# Path-Row
pr="'184_032/'
target_path = "/datal/LC8/" + pr

imlist =[]
year = os.listdir(target_path)
year.sort()
for item in year:
path = target_path + item + "/"
months = os.listdir(path)
months.sort()
for x in months:
new_path = path +x +"/"




56 images = os.listdir(new_path)

57 images.sort()

58 foriin images:

59 im_path = new_path +i+"/"
60 imlist.append(im_path)

61

62 dirlist = imlist

63

64 # Read points' coordinates from a csv file

65 # The delimiters must be dots...not commas.

66 #print (" ")

67 #folder = raw_input('Enter the folder path for the csv file......")
68 folder = "/home/rasdaman/Documents/evi"

69 os.chdir(folder)

70 # Select the '.csv ' file in folder

71 mycsv = [i for i in fnmatch.filter(os.listdir(folder), *csv')]

72 # Read '.csv' file

73 points =[]

74 pid =[]

75 with open(mycsv[0]) as csvfile:

76 reader = csv.DictReader(csvfile)

77 for row in reader:

78 point = round(float(row['X']),2) , round(float(row['Y']),2)
79 points.append(point)

80 pid.append(row['id'])

81 # Create a copy of the list of points with their id
82 pointszipped = zip(pid,points)

83
84 # Create lists
85 cfmask =[]
86 bandl =]
87 band2 =]
88 band3 =]
89 band4 =]
90 band5 =]
91 band6 =[]
92 band7 =]
93
94 # Start timing...

95 #startTime = time.time()

96 print len(dirlist)

97 # Create a list with patterns

98 pat = ["*cfmask.tif','*band1.tif','*band2.tif','"*band3.tif','*band4.tif','*band5.tif','*band6.tif',' *band7.tif']
99
100 foriin dirlist:

101 os.chdir(i)

102 allfiles = os.listdir(i)

103

104 for i in fnmatch.filter(allfiles,pat[0]):
105 cfmask += mainfunction(i)

106 for i in fnmatch filter(allfiles,pat[1]):
107 band1 += mainfunction(i)

108 for i in fnmatch filter(allfiles,pat[2]):
109 band2 += mainfunction(i)

110 for i in fnmatch.filter(allfiles,pat[3]):
111 band3 += mainfunction(i)

112 for i in fnmatch.filter(allfiles,pat[4]):
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band4 += mainfunction(i)

for i in fnmatch.filter(allfiles,pat[5]):
band5 += mainfunction(i)

for i in fnmatch. filter(allfiles,pat[6]):
band6 += mainfunction(i)

for i in fnmatch.filter(allfiles,pat[7]):
band7 += mainfunction(i)

print 'New image : ' + os.getcwd()

# Figure out how long took to run...

#endTime = time.time()

#print (" ")

#print ('Running time for '+str(len(dirlist))+' folders and "+str(len(points))+
#' points is... '+str(round(((endTime -startTime)/60),2))+' minutes')

# All results in one list
final_list =[]

foriin range(0,len(bandl)):

obj = str(cfmask[i][0])+ ","+str(cfmask[i][1])+ ","+str(cfmask[i][2])+"," + str(cfmask[i][3])+"," + str(cfmask][i][4])+
"" +str(cfmask[i][5])+","+ str(cfmask][i][6])+ "," +str(cfmask[i][7])+"," + str(cfmask[i][8])+ "," +str(cfmask[i][9])+","
+str(band1[i][9])+","  +str(band2[i][9])+","  +str(band3[i][9])+"," +str(band4[i][9])+","  +str(band5[i][9])+","
+str(band6[i][9])+"," +str(band7[i][9])

final_list.append(obj)

# Export values in a csv file

tgtdir ='/home/rasdaman/Documents/evi/results'

os.chdir(tgtdir)

with open(target_path[7:10]+target_path[11:-1]+".csV', 'wb') as csvfile:

csvfile.write("pid,x,y,fid,year,doy,month,day,%clear,cfmask,band1,band2,band3,band4,bands,
band6,band7\n")

for line in final_list:
csvfile.write(line + '\n')
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Kwdwkag tou apxeiov “mainfunction.py” yia tnv €§aywyr Twv eEMOUUNTWV OTOLXEIWV AnO KAOE ElKOVAL

-*- coding: utf-8 -*-

from __future__ import division
import datetime
import numpy

#execfile('extract_val_from_xy.py')
def mainfunction(tifile):

fid = os.path.splitext(tifile)[0]

fid1 = fid.find("_")

fid2 = fid[0:fid1]

year = fid[9:13]

band = fid[-5:]

doy = fid[13:16]

ymd = datetime.datetime.strptime(fid[9:16], '%Y%;]')
Month = ymd.month

Day = ymd.day

# Open filename with ReadOnly access
dataset = gdal.Open(tifile, GA_ReadOnly)
# Get the Driver name
drv_name = dataset.GetDriver().ShortName
#it#dataset.GetDriver().LongName
##ttdriver = dataset.GetDriver()
# Get georeference info
gt = dataset.GetGeoTransform()
originX = gt[0]
originY = gt[3]
width = gt[1]
height = gt[5]
# Get image dimensions
cols = dataset.RasterXSize
rows = dataset.RasterYSize
# Read the numeric data and put it in an array
imdata = dataset.ReadAsArray(0, 0, cols, rows)
if band == 'fmask":
# Count data values
a, b = numpy.where(imdata == 0) #clear
¢, d = numpy.where(imdata == 1) #water
e, f = numpy.where(imdata == 255)
div = ((cols * rows) - len(e))
try:
perl = (len(a) + len(c))/div * 100
perl = round(perl,3)
except ZeroDivisionError:

perl=-1
else:
perl ="'null'
res=[]
it=0

for p in points:
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line = [it,p[0],p[1],fid2,year,doy,Month,Day,perl,extract_pix_val(imdata,originX,originY,width,
height,cols,rows, p)]
res += [line]
it+=1
# Clear variables and release the file
dataset = None

return res

Kwéwkag tou apxeiou “extract_pix_val.py”, yia tnv efaywyr] TnG TLHAG TOU ELKOVOOTOLXEIOU Omo
S00MEVEC YEWBAULTIKEG CUVTETAYHEVEG ONMUELIOU

def extract_pix_val(imdata, originX, originY, width, height, cols, rows, tuple):

# Get pixel offsets from the image's upper left corner
xoffset = (tuple[0]-originX)/width

xoffset = int(xoffset)

yoffset = (tuple[1]-originY)/height

yoffset = int(yoffset)

# Get pixel value

if yoffset >rows or yoffset<0 or xoffset > cols or xoffset<0 :
return -1000000

else:
return imdata[yoffset, xoffset]
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Kwdwkag yla tnv eneepyacia apyeiov mapatnpnoswv Xpovooelpwyv o yAwooa Matlab

clc; clear all; close all

filename="L7all.xIsx’;

%][pid x y scene year doy month day clear% cfmask b2 b3 b4 b5 b6 b7]
data=xIsread(filename); %read excel

% vector with all point id

pid=unique(data(:,1));

for j=1:(length(pid)); % counter for points
k=1; % counter for dates
for i=1:length(data)
if data(i,1)==pid(j) % pixel id
values{j}(k,1:9)=data(i,[5,7,8,11:16));
k=k+1;
end
end
end
%% plot (all doys for every point in one figure)
for j = 1:length(pid)
fname=[filename,"'_',num2str(pid(j))];
f=figure('Name',fname);
hold on
for i = 1:length(values{j})
plot(values{j}(i,4:end),"-0")
end
title(num2str(pid(j)))
figsavename=[fname,".fig’];
saveas(f,figsavename)
hold off
clear f
end
%% filter data with std
for j = 1:length(values)
M = mean(values{j}(:,4:end));
%V(j,1:6)=var(vals{j}); Yomatrix with variances for all points and 6 bands
STD = std(values{j}(:,4:end));
maxl = M+STD;
minl = M-STD;
r=1;
for i = 1: length(values{j})

if (values{j}(i,4) < max1(1) && values{j}(i,4) > min1(1) && values{j}(i,5) < max1(2) && values{j}(i,5) > minl1(2) &&

values{j}(i,6) < max1(3) && values{j}(i,6) > min1(3))
gn{j}(r,1:9) = values{j}(i,:); %sgood numbers
r=r+1;
end
end
end
%% plot filtered data (all doys for every point in one figure)
for j = 1:length(pid)
fname=[filename,'_',num2str(pid(j)),'std];
f=figure('Name',fname);
hold on
for i = 1:length(gn{j})
plot(gn{j}(i,4:end),'-0")
end
title(num2str(pid(j)))
figsavename=[fname,".fig'];
saveas(f,figsavename)
hold off
clear f
end
%% calculate percentage of remaining observations

%number of values for all points before
sum1l =0;
for i=1:length(values)
obj = length(values{i});
suml = suml+obj;
end
%number of excluded values for all points after filtering
parl =0;
par2 =0;
for i=1:length(gn)
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for j=1:length(gn{i})
if (gn{i}(j,1)==0 && gn{i}(j,2)==0 && gn{i}(j,3)==0 && gn{i}(j,4)==0 && gn{i}(j,5)==0 && gn{i}(j,6)==0)
parl = parl+1,;
end
end
par2 = par2 + (length(values({i})-length(gn{i}));
sum2 = parl+par2;
end
pososto = (sum1l -sum2)/sumi;
pososto = pososto*100;
%% add point id in good numbers -gn
for i = 1:length(gn)
for j = 1:length(gn{i})
final{i}(j,1:10) = horzcat(pid(i),gn{i}(,:));
end
end
%% write new filtered data in excel
k=1;
for i=1:length(final)
for j =1:length(final{i})
coll(k,1) = final{i}(j,1); %pid
col2(k,1) = final{i}(j,2); %year
col3(k,1) = final{i}(j,3); Y%omonth
cold(k,1) = final{i}(j,4); %day
col5(k,1) = final{i}(j,5); %band1 / band2 for Landsat8
col6(k,1) = final{i}(j,6); Y%band2 / band3 for Landsat8
col7(k,1) = final{i}(j,7); %band3 / band4 for Landsat8
col8(k,1) = final{i}(j,8); %band4 / band5 for Landsat8
col9(k,1) = final{i}(j,9); %band5 / band6 for Landsat8
col10(k,1) = final{i}(j,10); %band7

k=k+1;
end
end

% array with all cols: [pid, year, month, day, b1, b2, b3, b4, b5, b7]
A =[col1,col2,col3,col4,col5,col6,col7,col8,col9,col10];

%write results in excel book

xlswrite(['std',filename],A);

% format of column 10 in excel must be converted to text...

%% plot means of the points in every class

%specify point id for every category/class

al = find(pid<21); %dasos

a2 = find( pid>20 & pid<34 ); %coniferous

a3 = find( pid>33 & pid<61 ); %moors

a4 = find( pid>60 & pid<85 ); Y%grassland

a5 = find( pid>84 & pid<98 ); %vineyards

a6 = find( pid>97 & pid<111 ); %arable land

a7 = find( pid>110 & pid<121); %deep inland

a8 = find( pid>120 & pid<145 ); %shallow inland

a9 = find( pid>144 & pid<157 ); %continuous urban

al0 = find( pid>156 & pid<188 ); %discontinuous urban

all = find( pid>187 & pid<207 ); %mineral extraction sites

al2 = find( pid>206 & pid<221); %permanent crops

al3 = find( pid>220 & pid<238); %permanently irrigated

al4 = find( pid>237 & pid<247 ); %sand

al5 = find( pid>246 & pid<260 ); %shallow sea

al6= find( pid>259 & pid<270 ); %deep sea

a={al, a2, a3, a4, a5, a6, a7, a8, a9, al0, all, al2, al3, al4, al5, al6};
%cell with name of classes

myclass = {'Dasos' 'Coniferous' 'Moors&Heathland' ‘NaturalGrassland' 'Vineyards' 'Non-IrrigatedLand' '‘Deeplnland’
‘Shallowlnland’ ‘ContinuousUrban' 'DiscontinuousUrban' ‘MineralExtractionSites' 'FruitTrees' 'Permanentlylrrigated’ 'Sand’
'ShallowSea' 'DeepSea’ };

figureTile= { ' zUs0oUR @YGed' ' oYled T¥3eidhy¥s' ' Uv¥eszes oaUs j Uy
jyulghelsd jyurteed ad' ' dUdey AGxUUjeay LaOU0 ' AdeY Kux(
thH@' 'jiL1e69 KzeyiazUxd BrgaUis' "B ¥vyaelhy U pysUy U0 ' zhsoese(

OUavyGGsU LuaUOUO'};
%plot for points in the same subclass the mean from all doys
for i=1:length(a);
fname=[filename,myclass{i}];
f=figure('Name',fname);
for j=1:length(afi})
k = a{i}();




143 obj=mean(final{k}(:,5:end));

144 plot(obj,'color',[rand(1,1) rand(1,1) rand(1,1)])
145 ylabel('mean’)

146

147 % set(gcf,'visible','off")

148 hold on

149 name(j)={num2str(pid(k))};

150 legend(name(:));

151 end

152 title(figureTitle{i})

153 figsavename=[fname,".figT];

154 saveas(f,figsavename)

155 hold off

156 clear f

157 end

158 break

159

160 clc; clear ; close all

161

162 %% create a color map

163 cmapll =colorcube(10);

164 cmapl2 =0, 0, 1;

165 0,0,0;

166 0,1,1;

167 1,01,

168 1,0,0;

169 0,1,0;

170 1,0.5,0;

171 0,05, 1;

172 1,0,0.5;

173 0,0,0.7;

174 1,0.5,0.5;

175 1,0.3,0.7;

176 0.5,0.5,0.5;

177 0.2,0.1, 0.5;

178 0.8,0.7,0.3;

179 0.5, 1, 0;

180 0.7,0.1,0.1;

181 0.9, 0, 0.6;

182 0.5,09,04

183 1,1,0;

184 cmapl = vertcat(cmapl2,cmapll);

185 %% read excel book

186 filename = 'stdL7all.xIsx’;

187 % columns: [pid, year, month, day, b1, b2, b3, b4, b5, b7]
188 %Attention! date in text format

189 data = xIsread(filename);

190

191 % vector with all point id

192 point_all = unique(data(:,1));

193 %% get rid of some points

194 % vectors with point id that must be excluded
195 exl = [188:206]; %mineral extraction sites
196 exl =exl.}

197 ex2 = [221:237]; %permanently irrigated
198 ex2 = ex2.

199 ex3 = [270:285]; %soil

200 ex3 = ex3.}

201 p_ex =[33;

202 34,

203 42;47;52;53;59;60;

204 65,66;68;69;78;81,82;83;

205 86;93;94;

206 98;103;106;108;110;

207 127;130;131;136;137;139;140;141;142;144;
208 146;151;152;154;156;

209 158;160;161;163;166;167;168;169;170;171;173;174;175;177;178;179;180;185;
210 210;212;213;217;220;

211 240;

212 265];

213 out = vertcat(p_ex, ex1, ex2, ex3); %all pid that will be excluded
214 out = sort(out);

215 out = unique(out);

216

217 %loop for replacing the unwanted values with -9999
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for i = 1:length(data)
for j =1:length(out)
if data(i,1) == out(j);
data(i,1:10) = -9999;
end
end
end
%get only the good values
k=1;
for i =1 : length(data)
if data(i,1) ~=-9999
newdata(k,:) = data(i,:);
k=k+1;
end
end

%write results in excel book
xlswrite(‘'finalLandsat7.xIsx’,newdata);
break

%% specify point id for every class
pid = unique(newdata(:,1)); %collect point ids

=[45 6 16:20]; %point ids for dasos1

=[1 2 3 7:15]; %point ids for dasos2
pcodes =
{d1,d2,[21:33],[34:60],[61:84],[85:97],[98:110],[111:120],[121:144],[145:156],[157:187],[207:220],[238:246],[247:259],[260:269};
for i = 1:length(pcodes)
¢ = ismember(pid,pcodes{i});
class({i} = find(c);
end
%cell with name of classes
cname = {'Dasosl' 'Dasos2' 'Coniferous' ‘Moors&Heathland' ‘NaturalGrassland' 'Vineyards' ‘Non-IrrigatedLand' 'Deeplinland'
‘ShallowInland' 'ContinuousUrban' 'DiscontinuousUrban' 'FruitTrees' 'Sand' 'ShallowSea' '‘DeepSea’ };

cnamegr = {‘q)'zﬂegcprueg’qﬂ'treguh;xs‘”'UYssea §U§) jUyapUe 6o
jyulbghelsad jyurloed Gd' ' dUdseyY AGvyUUysey LGUUU "v/\QGY‘”IfﬁYU
talhd' "B rvyelhy U opysUp U 'ob0ds¥ UUaHa&s UUpyOGUBU} L GUUU"

%% get only the good values
k=1;
for i =1 :length(newdata)
if newdata(i,1) ~= -10000;
fdata(k,:) = newdata(i,:);
k=k+1;
end
end
%% subclasses
for w = 1:length(class)
r=1;
for j=1:length(class{w});
index = class{w}(j);
for n = 1l:length(fdata)
if fdata(n,1) == pid(index)
subdata{w}(r,1:10) = fdata(n,:)
r=r+1,;
end
end
end
end
%% manipulate date
startDate = datenum('04-01-1999");
endDate = datenum('01-31-2016");
xData = linspace(startDate,endDate);
% create a color map
break
%% plot moving average
clear w arr t newarr time doyval area mdoy x y a b windowSize BAND
close all
w = 6;
arr = subdata{w};
for i=1:length(arr)
t(i,1) = datenum(arr(i,2),arr(i,3),arr(i,4));
end
newarr = horzcat(arr,t);

go
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time = unique(t);
for j = 1:length(time)
k =1; %count observations for every doy
for i = 1:length(newarr)
if newarr(i,11) == time(j)
doyval{j}(k,:) = newarr(i,:);
k = k+1,;
end
end
end

for i = 1:length(doyval)
area = doyval{i}(:,5:10);
mdoy(i,1:6) = mean(area);
end

windowSize = 7;

a=1;

b = (L/windowSize)*ones(1,windowsSize);

BAND = [1:5,7];

for i=1:6;
fname=[cname{w},'_B',num2str(BAND(i)),'mavg;
f=figure('Name',fname);

x = mdoy(:,i);
y = filter(b,a,x);

hold on
for j = 1:length(doyval)
plot(time(j),doyval{j}(:,i+4),"",'MarkerSize',10.0,'color',cmap2{i})
end
%plot(tnew,mdoy(:,i),-','color',"y",'LineWidth’,1.4)
plot(time,y,'--",'color','y",'LineWidth',2.3)

figsavename=[fname,".fig’];

|= axis;

axis([I(1) 1(2) I(3) I(4)])

|=axis

ax =gca;

set(ax,'XTick',xData)
datetick('x','mmmyy','keepticks')
xticklabel_rotate([],90,[])

ylabel(['Surface Reflectance - BAND ',num2str(BAND(i))])
title('LANDSAT 7 - Time Series - ',cnamegr{w}])
saveas(f,figsavename)

hold off

clear f
end
%% array for every point with band values
pid = unique(newdata(:,1));
for j=1:(length(pid)); %count points
k=1; %count number of doys per point
for i = 1:length(newdata)
if newdata(i,1) == pid(j)
values{j}(k,1) = pid(j); %pixel id
values{j}(k,2) =datenum(newdata(i,2),newdata(i,3),newdata(i,4)); %Date

values{j}(k,3)=newdata(i,5); %bandl
values{j}(k,4)=newdata(i,6); %oband2
values{j}(k,5)=newdata(i,7); %band3
values{j}(k,6)=newdata(i,8); %eband4
values{j}(k,7)=newdata(i,9); %band5
values{j}(k,8)=newdata(i,10); %band7
k=k+1;
end
end

end

%% plot TIME SERIES for every class and every band

for k=1:length(class)

for i=3:8;
if i ==




363 b=7,

364 end

365 fname=['L7_TS_',cname{k},'B',num2str(b)]

366 f=figure('Name',fname);

367 % figure('Name',fname,'NumberTitle','off")

368 for j=1:length(class{k});

369 index = class{k}(j);

370 matlabDate = values{index}(:,2);

371 plot(matlabDate,values{index}(:,i),".',' MarkerSize',12.0,'color',cmapl(j,:));
372

373 ylabel(['Surface Reflectance Value - BAND ',num2str(b)])
374 title(LANDSAT 7 -Time Series - ',cnamegr{k}])
375 % set(gcf, 'visible','off")

376 hold on

377 name(j)={num2str(pid(index))};

378 legend(name(:));

379 end

380 figsavename=[fname,".fig];

381 I= axis;

382 axis([l(1)-1000 1(2)+1000 1(3)-200 1(4)+300])

383 |=axis

384 ax =gca;

385 set(ax,'XTick',xData)

386 datetick('x','mmmyy"','keepticks")

387 xticklabel_rotate([],90,[])

388 saveas(f,figsavename)

389 hold off

390 b=b+1;

391 clear f

392 end
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4\ Fitting - O *

Fitname: fit1 |

Data set: | means vs, tsmatlabDates e | Exclusion rule: (none)

Type of fit: | Polynomial ~ | [] Center and scale X data
Polynomial

quadratic polynomial

cubic polynomial
4th degree polynemial
5th degree polynomial

fth degree polynomial v

Results

[ Immediate apply = Cancel Apply

Click "Bpply” to =ave the changes to the fin.

Table of Fits

@ | Fit name Data set Equation name SSE R-...

| Delete fit || Save to workspace... || Table options... |
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Fit Editor

Fitmame:  [fit 1 |

Dataset: | means vs. tsmatlabDates v Exclusion rule | (none) -

Type of fit:

Polynomial

Custom Equations

Polynomial
Exponential

linear polynal
quadratic po
cubic polynd
4th degree p
5th degree p
fth degree p

Fourier
Gaussian
Interpolant
Polynomial
Power

Rational

[[] Center and scale X data

v
v

Results

[Jimmediste apply = Cancel Apply

Click "pply” to =ave the changes to the fit.

Table of Fits
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| Delete fit H Save to workspace... || Table options... |
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New fit Copy fit
M Fitname  [fit1 |
d Data set: |mean;v;‘tsmatlabDate; V| Exclusion rule:

i Type of fit: |Polynom|a|

~ | [ Center and scale X data

Polynomial

| |4th degree polynomial

2: 4\ Save Fit to MATLAB Workspace
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[ Save fit output to MATLAB struct named:

[ Save fit to MATLAB object named: F\ttedmodaﬂ
] save goodness of fit to MATLAB struct named: M
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Gocdness of fit:
S5E: Z.755e+006
B-squaze: 0.07321
Rdjusced B-squaze: 0.0187
EMSE: 134.2
v
Table of Fits
@ | Fitname Data set Equation name SSE R-...

Delete fit Save to workspace...

Table options...
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4\ Fitting — [m] x
Fit Editor File View Tools Window Help
New fit E @ | = S Oy | ke
" @ If you have three dimensional data, try the Surface Fitting Tool X
Fit name: fit 1
Data set: bd vs. time ~ | Exclusionrule: | (none) ~
Data.. Fitting... Exclude... Plotting. Analysis...
Typeoffit | Smoathing Spline ~ Center and scale X data
Smoothing Spline
Smoothing Parameter: o
O Default
@ Specify: | < | |0.99999 » 2200
2000
Fit options... Immediate apply Cancel Apply 1800
Results
1600
Smcothing splize:
£ix) = piecewize polynomial computed from p
mslized by mean 7.337e+005 and sud 1688 1400
1200
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10°
@ | Fit nsme Data set Equation name  SSE Re.. *
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Delete fit Save to workspace... Table options...
Close Help
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