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Band — Number | Band — description | Wavelength | Resolution(meter)
Bandl Visible Blue 0.45 —0.52 30
Band?2 Visiblegreen 0.52 -0.6 30
Band3 Visible Red 0.63 — 0.69 30
Band4 Near —infrared 0.76 — 0.9 30
Bandb Short — wavein frared | 1.75 — 10.55 30
Band6 Thermal 104 —12.3 120
Band7 Short — waveinfrared | 2.08 — 2.35 30
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Band — Number | Band — description | Wavelength | Resolution(meter)
Bandl Visible Blue 0.45 — 0.52 30
Band?2 Visiblegreen 0.52 -0.6 30
Band3 Visible Red 0.63 — 0.69 30
Band4 Near —infrared 0.76 — 0.9 30
Bandb Near —infrared | 1.75— 10.55 30
Band6 Thermal 10.45 —12.3 30
Band7 Mid — infrared 2.08 — 2.35 30
Band8 Panchromatic 0.52-0.9 15
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Band — Number Band — description Wavelength | Resolution(meter)
Band1 Coastal | Aerosol 0.433 — 0.453 30
Band?2 Visibleblue 0.450 — 0.515 30
Band3 Visiblegreen 0.525 — 0.6 30
Band4 Visiblered 0.63 — 0.68 30
Bandb Near —infrared 0.845 — 0.885 30
Band6 Shortwavelengthin frared | 1.56 — 1.66 30
Band7 Shortwavelengthin frared 2.1-23 60
Band8 Panchromatic 0.5 —0.68 15
Band9 Cirrus 1.36 — 1.39 30
Band10 Longwavelengthin frared | 10.3 —11.3 100
Bandl1 Longwavelengthin frared | 11.5 —12.5 100
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Index — Name | BestEpochs | Time — Stamp | Train — RMSE | Test — RMSE
NDVI 200 1 0.05 0.06
SAVI 200 1 0.03 0.15

RVI 200 1 0.3 0.36
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Index — Name | BestEpochs | Time — Stamp | Train — RMSE | Test — RMSE
NDVI 200 1 0.03 0.04
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RVI 200 1 0.1 0.15
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Index — Name | Epochs | Time — Stamp | Train — RMSE | Test — RMSE
1 100 0.03 0.04
1 200 0.03 0.04
NDVI 1 300 0.03 0.04
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6 200 0.03 0.031
6 300 0.02 0.03

aLE sl aeil g Goigel ool s 99 58 oty 3l ol sl s 0.F Jgor
Db o Dglaie sl ) ,SE g b Sley o L SAVT

TimeStamp polie .Cowl sanlice bB Jgom 18 a5 sowl caws 4 Sledbl 4y ax45 b

5 ol loged VoF JSo Laieo so Cawd 0 1) azesS s yigo Yoo b wl s Epoch g O L ol

19530 pasls ol aws e LaS 1) (a3l 5 Sajgel slaosls g9y polie Lol (et

03L 50 i ali ol o,laslin) polie Lamo oo Lid |y o YO L 0.0l s (g ol Hlai o

Sl o Sl saimd Lis Jloged ;o oals ool ylad polie .5yl 18 (ZVg+Y)

T2



0.20 1 —— griginal dataset
018 = predicted NDVI/training set
' — predicted NDVItest set
016
3 014 I |
m T ¥ ! 1
Z 0124 ; ' \rl'l 1l
3 ° -
=
0.10 4
0.08 4
0.06 -

0 50 100 150 200 250 300 350
Time in Days

NDVT Lasli yge3l g (o)gel diws 99 (5l 00l cooton polie 1).§ JS

SAVI Ll oo 5l ol (2l s 10.F Jgoor

Index — Name | Epoch | Time — Stamp | Train — RMSFE | Test — RMSE
1 100 0.04 0.05
1 200 0.04 0.05
SAVI 1 300 0.03 0.04
6 100 0.03 0.04
6 200 0.02 0.03
6 300 0.01 0.02

Wﬁ.ﬁ 0JLDY L)L“‘" IR W) g.:L?w‘ ‘5‘>‘9.> o ua.'>LM., L)"‘ )‘J.O.A R c\..~.‘>L’ D50 O¢>g0
S 0 g g sdaline ol ;o Sl ley Jgb 0 g sl wgie b dias LS
s 85 b bl ol o 3 45d ol esnlice B 35 S Sl yis Blge
ool Rl e aSh Jbd) a8 e comiin ) O Gmb sl (e b g ol 0390 334
Al o NDVI 23li b ,)bs, wislen a5l
oL sl Haeil g gl ols ds 98 1 Lo s | ol sl s £.F g

v



Lo tolof] ol

LAV Value

FWI Value

0.250 - — griginal dataset
— predicted SAVI/training set
0.225 - — predicted SAVItest set
0.200 4
0.175 4
0.150 1 l
0.125 - '*‘.H |
1
0.100 4
0.075
0.050 4
I ! I I I ! I !
0 50 100 150 200 250 300 350
Time in Days
SAVI (a3l fyge3l g (i)gel dicsd 90 (glys o0l coo yion polie :V.F S
18 - - griginal dataset
—— predicted RVIftraining set
= predicted RVIftest set
16 -
14 -
12 -
10 -
0.8 -

50

100

150 200 250 300 350
Time in Days

A




RVI paxls osiion | Jol> ol ol 9. Jgo

Index — Name | Epoch | Time — Stamp | Train — RMSE | Test — RMSFE
1 100 0.06 0.07
200 0.06 0.07
300 0.05 0.07
100 0.05 0.06
200 0.06 0.07
300 0.05 0.06

RVI

S O O ==

o o polie ol osmlice B £.F Jgam 10 45 ool Caws 4 SleMbl 4 axg5 b
Jol Jlogai V. F UKo caied o Cawd o ly asess o yigu Yoo bl 1SS 4 2 L ol Sl
a3l cpl polie ams o LS 1) gesl g Ubigel slaesls (55, polie cpl (Soiten
olia b i 5l Lasls ol o kil Jlaie .55 o ks VA G oA 5115 ae g (sl
4ol o] jo LS Gidig bl iy asli ol e jlaie 4z o el St (oYL
Ui lwgie oyl ossmolis jasls pl slp sdel Caws @ polie Ll 505150
Ol Sl 5 (2L (idigs (le (B (ol g0 b aolie j0 5 ol (s 0l o 2LS
RPN ARCTIN
i o8 sl b1y polie g ain oo (higel (93 0 eaial polie sty jo a5
oY sgu o Lasli opl slas ke L5 Laslh g aline g coli Ll s s .S
Lo s95,9 a5 45wl adeine aSs (slass,5 (55, alidee sbaialejl plaul b Lo
O Sl Juad a5l (6999 457 (99,90 ;0 &S5 ab & clusl g0 a6 50k (l5e 5o
o Gl b g Conl 5335 Son i 50 4d a1 ()T oomstey b oS cul L
s g0 ol ) oot e (558

) 1 o olallne b gl dmlin  F.F

Olis &S jghilen asd 57 )18 b5l 0,90 &LS iler sloasll polie Jad opl jo
Ao ,L8, g ol Al v 0 Lol Ol g SAVT g NDVT aslis g0 polie o ool
b RVI asls Ol 5 jlake ool Gl Ly jooli ol oot 5 03591 )0 528
So (o yo |y Olpss 9 BLS iber e e sk w4 g ole Bl Koo asll g0

AR o olis yas

4



o yisle ] b

Sialel Sloj ozt e (Wgd oo el )50 dos & 55 s 50 Fse Jelse
by ez Ol 4z p2 A0S Gl IS5 slass g Gl 4 alisee Slg0g,5 oS
¢S i L8 polie camlie b astils #8lg ;o 5 05 o inlS Ua lio 51 el oo 2ol
odnlioe (4 2 (6399 calido slaas B Lalejl b (rizned ol (fn w4 ;0B i
g olo b bogs o aSClls @ 0ol 00ld Sloj w1 (609,5 polie a5 8las 0 a5 Bad o
59,155 ok .8 5 aalys plomil (g it cBa b g i ool dwity ol aline Joad
laosls 5 b oo alBl (soision <85 5YL (sl S5 50 4S5k @ el Figa sl 2o
Wb oo st S-S sl Gl by e

e ) Sgug 00 Lid casline 13 sla, 5L aslio (o asllas ol 51 Lol mulis
gy arll polae Bl Jue 3l oolaswl U [VY] slasdllas jo \WAZ JLo jo .l
oo 283 (e & Sl oad oo ie Jled plul> (bl 50 9y 9000 102 6l (2LS
BeS,le Jao Z8o e ] sl Gaes (62500 jlosliiwl b ol asdllas b avslis 4o
30 el oy0 28 5l o Lo 598 ardllas CBo 5w g Cewl 0uls Lo o yo Ao > o
599 31 Gz sl li8le 5 mlls cans o g cewand pglas cabo b s Gldlas S
3 Gl oals 2LS ilgy sl asli Ol s Ldod g cawlin 4 pludl cENVT asile
Slposs Judod b og 8,3 )18 aslie 9 byl 0550 LIl Ol pes Oldlas s ]
sl oo ool lo Lo ;o wlie Olpsd coo i @ e8] pa w cuiy sla Lo jo
oyl Dl ganyd 4 o5 it (5,lel il 5 dslio sl Slidizg aiws oyl
Fyo et (G555 sy 55 ea (SUend jf aslizd W [V S 5 s |
855 Yo A Jlo jo Laeo oo plodil auey0 A9 51 o S8 L) oo ion Oldas ¢ o]
Ol 0 o8 el 0ads plomil 1STyne (ALS gy b jLsSis 05> adlaie ;0 aia 985 )
Bt ol 50 00l 00 45 A pi oI 09l o coliw] MODIS Slej (6w gl
MODIS oy sy &5 3l ool Lol cianl Do _oligS Vgl aladls aSiilsy w65 50
g s Jloie sl JLo jo g0l Olyass hils Waosls (pl aidl oo 059, <aan o5L L
PLS Gibg 5 Sis (Sl b aS o)l oS dden 2LT by aslllas 550 4l
O |y Gros (mae aSed (VL 280 125 (52800 (pl gultd it glite )lony Langie
JoV] aeo oo



b oo
ouiul sba,yl5 g (g Azl

doddio V.0

¥l 2 5l YolA B Yooo laJlu 4 b slojlgale pglas by b asbipbl ol o
clie o5 (2L Adgy slaaslh (bl dg Cod Lo Jgad pled 40 9k 4 (WS
@ digel Glee blaosls pl iaiaelys Sley (s 00ls & g0 a4 g 00l ] Pl Lo gy 4l
(o503l 9 el lrdiges (gilwlaz 5l o g dSal eolo e _olisS SVYeb alasls> aSill
wd 90 A S yien S Sloj (6w sloosls Lol plodil Jawo bLalS 5 g0l Oldas
)5 Grizman (Dglitie SlaSlej iz b g W0 s (15031 9 2550 sleols
o9l caws 4 b iolesl rpai (b ool cews 4 gl Lol plos] oo i Jee Dglatie
ooyl 4o aSll YL cllils 5l Lo ol (pl Lol Caws 4 0.0l 31 S RMSE (gl

Syl cenlie Olposs U sloosls sooico g

S92 g0 LBCUSgUx0 g OIS0 V.0

dls 092 (B o3l s soly gl wyws jo dlex I placasgas SIS sledl o
3l ookl g wiogs YL pl ooy Glhls Clel USGS culs 10 05290 (glrosls a5 >
s 8 Sl Jobee i (sloosls b ol 5Tl sla oS 055 2 &0 e o)



o;\;gTLSLm)lfﬁLgﬁqugg;’a

Blas pl oo ,o a5 ol oolaswl (5 alas 5 caalS wools sy 5 coaS 5l o oS
A ;0 Cuwldo o Vo b plp yols iagh slaosls cdbys glp ol dus o g adl ails
Ogde €855 6 Slazr 9 00,8 ) e pyeNl adl pdos el ladigel olass
el jo el ceal Bl IS cuaS 50 0 YU (gl 55 00ld 10 D92 ge Olyesd yiren
alides (ol sloosls b g5l g 08 5 )18 () 0,90 i Sy 2ok
ods 48§ LIS 50 LS gy DS (i b el old jo g Cenl ond iolel
ol 3,8 18 0,90 0b5 B oS Ol b slaosls bilde jo sy el s Slae il
L BSile Jae aloz 51 00 slapsn sl 4 o o801 0 Shoe Lo iolas] (oles 5o

el osls (lis 053 5l (6 5VL 285 5 039y e (SISl (s slaaSid

OJ&JT ‘SLQ)'S V.&

e o ool a3Y Eloeoas b Casaid o lgale (claoshs 5 ooliul b anlliae ol glis

2 2l gy Slinds o s bwgie plF de b (g gl 1 ead laa
0o ooliwl 00ls g Gadz (1l j0 4l 8 Shae d azgi b el Sludl CdlBs ygus Loy
Slpss o a5 g b asb 5l i sbvesls il b aS 04 o s sien ¢y] 5o
&% gla Sy ol ool iaman 5wl a4l (pl & Cond i (LS Mg
Blal Jlo sl ol Cows 0 g paz 9 e @l (LS Jidg slaasll » opdle
oby Ol b ol slaosls 4 Jad g bl 5, ol b Los aisle slaools o 5
Sloj abols b Sloj (g glrodls l ookl rizman 095 0 &b g G590l s

A algS g gl Cbys 5 S yige (Bigel s o5

oY



&0

s U pLE gy awyp 0 490 3l Lrexew 08 77 (WWAF) g Lo b V]
P e 0,99 ¢ o)Lo..i'a c‘sils.o 0[93‘.]9‘3‘5)&)34&5.3‘5«».&@ 299 _solc
\ig

T PLS Gbgs (gwyp 0 590 3l Gamew 0,8 7 (WWAY) (7 s me g p oo [V]
Y e YV 0,90 Vol o,lads ¢ oLl re Oledbl idgt - oo aolidliad

s 30 90 5l Gemew 9 )5 7 (WAP) ST 68 g (w0 sy H et [V]
¥ o B 0y90 (¥ o)lod (6 e 33yaoliys sLidlpia o gy T oL idg

Vo,los coé‘j Gyl )90 5 Greeaw Sl 7 (WY ) 2lo, 5 o obl [F]
7 e B oygd

dy it LS gy gy 5 GIS 9,98 5 Gioaw 9,57 (WWAF) (g Lo oblS [0]
Yoo Aoy90¢ \O)Lo.»i: ¢ @&o&&%‘géﬂoﬁw (EWID (FIG _Go.l.:

ool Pl b Gk 5o 590 5 lamiw 9,577 (WWAD) ¢y ool yaaz 5 T las S [7]
F e Q0,90 (Vo,lad 9%@99Tu&@)06)|oﬁoﬁ&o&w

Sloolawl U o)l 6,08 Oluss g5k, 85 77 (\WAY) ¢ SBl> 5 o oLbI [V]
Ol Lo y5ids (55lwpt g Syloro (ol pos (il S (790 5l Gramiw slaosls
YO0 o YV o,95 ¢ o)Lmi': ¢ ‘o)L.J

3 ‘_57&3.,...» LsLQ)S.a‘)Lg ).ul.’ 6}L‘” LS“S i (\\”‘U\) e st; 9 U 0> () Ls’l’"‘"’ [/\]
Sz Syl g Bl slaosls sl oslasnl b ey pdas (gloo 1 o8l dasl
¢ Gxu.b &L 4o @L.Sb» OleMbl wlolw g 590 31 pmiew aolbdad 740
O e Nooy90 ¢ \O)Lauiﬁ
o5 —gode doldiad 77 j50 5l o jleslanul b aLS 6L%DL.,, ookl
YYA e ¢Voo,90 ¢ \co)Lon cOb:o‘ ul.al.»ag X0 uLﬁ...n:u

oY



&zl

3 oolizwl b aLS Jidia pxdan 3,517 (WAR) ¢ (so2)5 5 & (2bL (i Somgarme [Ve]

LT dslico s NDVI o _ 5DLi8 adg> 10 so,lamlo pygluss cilies (glo_aslis

Vosled o1l (sbly 9 &8 po Wlidiond gy —(ode aolidad 7 Sl a2Lo L
YY e Y0, 90 ¢

(pys Pl Jol sl 77 590 51 i pglas (6 5 gnslS (33l0 27 (WAA) (g (sl [WY]
u‘).@‘.a oKisls g_:‘)l.w...:| 9 g..:l.’> doen g0

51 ooliiwlls (6,0l Amugh g Ol Wy (sow Gy’ (WAR) (S ol 5 5 555 [VY]
VO)LQA:) c‘swLwaM c”LSglf.ébJo; g_:l.c)Uo‘W 9 A:Lo)w 6‘°)‘9—‘7’L° ﬁjLa.’S
OV _OYY e FYo,90 «

9 NDMI (NDVI sl asls Ol s cwyyp” (WWAY) (8 saisbes g | pj30le> [VY]
Wb.ﬁ.»su.'.ojé Ol cewadd o)|5.¢bLo )43'..4.:)‘ oo lazw! L: Jls ™ é’a.o.,e 99,0 NDSI
Gy Lo 9 (b 2ol (53,9l pole )0 (69 2,5 (S g Mol (o

VO e «FA 0,90 (Yo,los

OIS slaosls 5o sl s )lome U7 1yl Aol ((¥4F) o oo [1¥]

ol5iils ‘J"B‘*‘“ls It oaSCisls ‘”6‘4*:’55' u‘)bf u*’L“‘)% )9° )" R
‘59)-"’[-‘3 ..

[15] Kussul, N., Lavreniuk, M., Skakun, S. and Shelestov (2017), ” A Deep learning

classification of land cover and crop types using remote sensing data” IEEE Geo-

science and Remote Sensing Letters, pp 778-782

[16] Ranganath R.N., Jayaraman V. and Roy P.S. (2007), ” Remote Sensing Applicatio:

An Overview” National Remote Sensing Agency, Hyderabad, 500, 037, pp 5

[17] Hasmadi M., Pakhriazad H. and Shahrin M. (2017), ” Evaluating supervised
and unsupervised techniques for land cover mapping using remote sensing data”

Geografia-Malaysian Journal of Society and Space, 5, 1, pp 1

[18] Rawat J. and Kumar M. (2015), ” Monitoring land use/cover change using remote
sensing and GIS techniques: A case study of Hawalbagh block, district Almora,
Uttarakhand, India” The Egyptian Journal of Remote Sensing and Space
Science, 18,1, pp 77-94

[19] Galmier D. and Lacot R. (1970), "Photo interpretation, with examples of its use-

fulness” Photogrammetria, 25,4, pp 139-146

Of



[20]

[21]

[22]

23]

[24]

[31]

32]

Thompson M. M. and Mikhail E. (1976), ”Automation in photogrammetry: Recent

developments and applications” Photogrammetria, 32,4, pp 111-145

Colwell R. N. and Mikhail E. (1970), "The photo interpretation picture in 1960”
Photogrammetria, 25, 4, pp 139-146

Haack B. N. and Mikhail E. (1982), "Landsat: A tool for development,” World

Development” Photogrammetria, 10, 10, pp 899-909

Liu P. and Mikhail E. (2015), ”A survey of remote-sensing big data” Frontiers in

Environmental Science, 3, 45, p. 45

Masek J. G., Hayes D. J., Hughes M. J., Healey S. P. and Turner D. P. (2015),
"The role of remote sensing in process-scaling studies of managed forest ecosystems”

Forest Ecology and Management, 355, 45, pp. 129-123

Campbell J. B., Hayes D. J. and Wynne R.H. (2011), "Introduction to remote sens-
ing” Guilford Press, 35, 45, p. 2

Tsang L. , Kong J. A. and Shine R. T. (1985), "Theory of microwave remote sensing”
Guilford Press, 35, 45, p. 3

Jensen J. R and Lulla K. (1987), "Introductory digital image processing: a remote

sensing perspective” Guilford Press, 35, 45, p. 4

Seelan S. K., Laguette S., Casady G. M. and Seielstad G. A. (2003), "Remote sensing
applications for precision agriculture: A learning community approach” Remote

Sensing of Environment, 88, 2, pp. 157-169

Chen M., Mao S., and Liu Y. (2014), "Big data: A survey” Mobile Networks and
Applications, 19, 2, pp. 171-209

Khan N.,; (2014), "Big data: survey, technologies, opportunities, and challenges”
The Scientific World Journal, 20, 14, p. 35

Wu H. and Zhao-Liang L. (2009), "Scale issues in remote sensing: A review on

analysis, processing and modeling” Sensors, 9, 3, pp. 1768-1793

Keogh E. and Mueen A. (2011), "Curse of dimensionality” in Encyclopedia of
Machine Learning: Springer, 20, 11, pp. 257-258

AN



&zl

[33]

[38]

[39]

[40]

[41]

[42]

Zahangir Alom M. D., Taha T.M., and Yakopcic C., Westberg S., Sidike P., Nasrin
M.S, Hasan M., Van Essen B. C., Awwal A. S. and Asari V. K. (2019), "A State-of-
the-Art Survey on Deep Learning Theory and Architectures”

Liu W., Wang Z., Liu X., Zeng N., Liu Y. and Alsaadi F. E. (2017), ”A Survey of
Deep Neural Network Architectures and Their Applications” the National Nat-

ural Science Foundation of China under Grants, 20, 11, pp. 1-2

Das K. and Behera R. N. (2017), ”A Survey on Machine Learning: Concept, Algo-
rithms and Applications ” International Journal of Innovative Research in

Computer and Communication Engineering, 5, 2, pp. 1-2

Mitchell T. M. (2017), "Machine Learning”, Vol. 1, University Press, UK. 1, pp.
273

Kotsiantis S. B. (2007), ” Supervised Machine Learning: A Review of Classification

Techniques ” Informatica, 31, 2, pp. 249-268

Sathya R. and Abraham A. (2013), ” Comparison of Supervised and Unsupervised
Learning Algorithms for Pattern Classification ” International Journal of Ad-

vanced Research in Artificial Intelligence, 31, 2, pp. 1-3

Kaelbling L. P., Littman M. L. and Moor A. W. (1996), ” Reinforcement Learning:

A Survey 7 JournalofArti ciallntelligenceResearch, 4, 2, pp. 237-285

Kaelbling L. P., Littman M. L. and Moor A. W. (2018), ” Survey In Artificial
Neurall, Networks In Myocardial Infarction ” International Journal of Advance

Engineering and Research Development, 5, 3, pp. 1-5

Pouyanfar S., Sadiq S., Yan Y., Tian H., Tao Y., and Reyes P. M. (2018), ” A survey
on deep learning: Algorithms, techniques, and applications 7 ACM Computing
Surveys, 51, 5, pp. 1-5

Turner D. P., Cohen W. B., Kennedy R. E., Fassnacht K. S. and Briggs J. M. (1999),
"Relationships between leaf area index and Landsat TM spectral vegetation indices
across three temperate zone sites ” Remote sensing of environment, 70, 1, pp.

52-68

oF



[43]

[44]

[46]

[47]

[49]

[50]

[52]

Gong P. (2013), "Finer resolution observation and monitoring of global land cover:
first mapping results with Landsat TM and ETM+ data” International Journal
of Remote Sensing, 34, 7, pp. 2607-2654

Mack B., Leinenkugel P., Kuenzer C. and Dech S. (2017), A semi-automated ap-
proach for the generation of a new land use and land cover product for Germany
based on Landsat time-series and Lucas in-situ data” Remote Sensing Letters,

8, 3, pp. 244-253

Ahmad W., Jupp L. and Nunez S. (1999), "Land cover mapping in a rugged terrain
area using Landsat MSS data” International Journal of Remote Sensing, 13,

4, pp. 673-683

Reinhold A. and Wolff G. (1970), "Methods of representing the results of photo

interpretation” Photogrammetria, 25, 5, pp. 201-207

Chander G., Markham B. L. and Helder D. L. (2009), "Summary of current radio-
metric calibration coefficients for Landsat MSS, TM, ETM+, and EO-1 ALI sensors”

Remote sensing of environment, 113, 5, pp. 893-903

Phiri D. and Morgenroth J. L. (2009), "Developments in Landsat land cover classi-

fication methods: A review” Remote Sensing, 9, 9, p. 967

Hochreiter S. (1997), "Long Short-Term Memory ” Neural Computation, 9, 8,
pp- 1735-1780

Stepchenko A. (2016), ” Ndvi index forecasting using a layer recurrent neural net-
work coupled with stepwise regression and the pca”. The 5th International Vir-
tual Scientific Conference on Informatics and Management Sciences, 7, 8,

pp- 130-135

Stepchenko A.; and Chizhov, J. (2015), ” Applying markov chains for NDVT time se-
ries forecasting of latvian regions”. Information Technology and Management

Science, 5, 6, pp. 5761

Foody G. M. (2006), "Pattern recognition and classification of remotely sensed im-
ages by artificial neural networks”. Ecological informatics Springer, Berlin, 5,

6, pp. 459-477

oy



&zl

[53]

[56]

[58]

Wagh V. M., Panaskar D. B., Muley A. A., Mukate S. V., Lolage Y. P., and Aa-
malawar M. L. (2016), "Prediction of groundwater suitability for irrigation using
artificial neural network model: a case study of Nanded tehsil, Maharashtra, India

Model”. Modeling Earth Systems and Environment, 4, 6, p. 2

Gamboa J. C. B. (2017), "Deep Learning for Time-Series Analysis”. arXiv preprint
arXiv:1701.01887, 4, 6, p. 12

Das M. and Ghosh S.K. (2016),” Deep-step: A deep learning approach for spa-
tiotemporal prediction of remote sensing data”. IEEE Geoscience and Remote

Sensing Letters, 4, 8, pp. 1984-1988

Das M. and Ghosh (2017),” Measuring Moran’s I in a Cost-Efficient Manner to
Describe a Land-Cover Change Pattern in Large-Scale Remote Sensing Imagery”.
IEEE Journal of Selected Topics in Applied Earth Observations and Re-
mote Sensing , 2, 3, pp. 2631-2639

Reddy D. S. and Prasad P. R. C. (2018),”Prediction of vegetation dynamics using
NDVI time series data and LSTM”. Modeling Earth Systems and Environ-
ment, 6, 4, pp. 409-419

RuBwurm M. and Korner M. (2017),”Multitemporal land cover classification with
long shortterm memory neural networks” International archives of the pho-
togrammetry, remote sensing and spatial information sciences, 4, 5, p.

42

Wang S., Yang B., Yang Q., Lu, L., Wang X., and Peng Y. (2016), "Temporal trends
and spatial variability of vegetation phenology over the northern hemisphere during

1982-2012”. International PLoS One, 11, 6, p. 157

Adedeji O. H., Tope-Ajayi O. O., and Abegunde O. L. (2015), Assessing and Predict-
ing Changes in the Status of Gambari Forest Reserve, Nigeria Using Remote Sensing
and GIS Techniques”. International of Geographic Information System, 7,3,

pp- 301-318

Xue J., and Su B. (2017), "Significant remote sensing vegetation indices: a review

of developments and applications”. International Journal of Sensors, 5, 6, p. 8

OA



[62]

[63]

[67]

[68]

[71]

Petitjean F., Inglada, J., and Gancarski P. (2014), ”Assessing the quality of tem-
poral high-resolution classifications with low-resolution satellite image time series”.

International Journal of Remote Sensing, 4, 9, pp. 2693-2712

Haas E. M., Bartholome E., and Combal B. (2009), "Time series analysis of optical
remote sensing data for the mapping of temporary sur- face water bodies in sub-

Saharan western Africa”. International Journal of Hydrology, 7, 8, pp. 5263

Calera A., Martinez, C., and Melia J. (2001), ”A procedure for obtaining green plant
cover: relation to NDVI in a case study for barley”. International International

Journal of Remote Sensing, 4, 5, pp. 3357-3362

Cohen W. B., Maiersperger T. K., Gower, S. T., and Turner D. P. (2003), "An
improved strategy for regression of biophysical variables and Land sat ETM+ Data”.

International Remote Sensing of Environment, pp. 561-571

Gurgel H. C., and Ferreira N. J. (2003), "Annual and Interannual Variability of
NDVTI in Brazil and its Connections with Climate”. International Journal of

Remote Sensing, pp. 3595-3609

Liang E. Y., Shao X. M., and He, J. C. (2005), "Relationships between tree growth
and NDVT of grassland in the semiarid grassland of north China”. International

Journal of Remote Sensing, pp. 2901-2908

Hosseini S. Z., Kappas M., and Propastin P. (2011), "Estimating Relationship be-
tween Vegetation Dynamic and Precipitation in Central Iran”. Toledo. Spain, p.

8

Hadian F., Hosseini SZ. (1393), ” Seyyed Hassani M. Monitoring vegetation changes
in Kermanshah, using NOVAA and AVHRR satellite imagery and rainfall data”.

Journal of Applied Ecology, pp. 46-62

Arsanjani J. J., Helbich M., Kainz W. and Darvishi Boloorani A. (2013), "Integra-
tion of regression, Markov chain and cellular automata models to simulate urban
expansion”. International Journal of Applied Earth Observation and Geo

information, pp. 265-275

Jabbari S, Khajeh Aldin SJ, Jafari R, Soltani S (1394), "Investigating the percent-
age of changes in vegetation cover in pastures in Isfahan, Semirom, using satellite

imagery”. Journal of Applied Ecology; pp. 27-80

AN



&zl

[72]

[75]

[78]

[79]

[80]

Mansuri S., Sepehri A., Farrokhzadeh B. (1394), ”"Evaluating drought impact on
vegetation in pastures in Golestan, using MODIS satellite imagery”. Faculty of

Rangeland, Watershed Management, Fisheries and Environment, p. 7

Yin G., Hu Z., Chen X. and Tiyip T. (2016), "Vegetation dynamics and its response

to climate change in Central Asia”. Journal of Arid Land, pp. 375-388

Chen Z., Jiang W. G., Tang Z. H. and Jia K. (2016), "Spatial-Temporal Pattern
of Vegetation Index Change and the Relationship to Land Surface Temperature in
Zoige”. International Archives of the Photogrammetry, Remote Sensing

and Spatial Information Sciences, pp. 849-852

Zhu Z., Piao S., Myneni R. B., Huang M., Zeng Z., Canadell J. G. and Cao C.
(2016), ”"Greening of the Earth and its drivers”. Nature climate change, 85, 5,
pp. 791-795

Gers F. and Schmidhuber J. (2000), "Recurrent nets that time and count ” Pro-
ceedings of the IEEE-INNS-ENNS International , 80, 3, pp. 1-5

Phiri D. and Morgenroth J. (2017), "Developments in Landsat land cover classifica-

tion methods: A review ” Remote Sensing

Haack B.N. (1982), "Landsat: A tool for development ” World Development |,
10, 10, pp. 899-909

Young N.E., Anderson R.S., chignell S.M. and Vorster A.G. (2017), A survival

guide to Landsat preprocessing ” Ecology , 98, 4, pp. 920-932

Graves A.E. (2012), "Supervised sequence labelling with recurrent neural networks

» Springer , 385, 5, pp. 1-56

£o



Aabstract

Remote sensing means receiving information without direct contact with the surface,
which requires magnetic field. The data of this technology is spatio-temporal. Under-
standing and analyzing the changes in vegetation cover is very important in several as-
pects including understanding climate changes, ecological balance and planning necessary
conservation measures. The concept of neural networks has gained much significance in
the analysis of vegetation dynamics using remote sensing satellite data. In the current
study, an attempt is made to predict the vegetation dynamics using Landsat-5, 7, 8 data
for the Shahrood city using the Long Short Term Memory (LSTM) network. The dataset
consists of Landsat images from 2000 to 2018 with 4 Images from each season. The ex-
tracted indices are NDVI, SAVI , RVI from vegetation indexes. In this study, after the
atmospheric correction, the desired indices are extracted and time series are constructed.
Then prediction is performed using deep learning algorithm. To check the reliability of
the experiment we have finalized two diferent regions for investigation. To measure the
accuracy of the LSTM network, root mean square error is calculated. To measure the
accuracy of the LSTM network, root mean square error is calculated. The trends of the
NDVI, SAVI and RVI series are well adapted by the network and it is able to predict the
future Index values with good accuracy maintaining RMSE= 0.02 for NDVI, RMSE=0.03
for SAVI and RMSE=0.05 for RVI without providing any supplementary data. By adopt-
ing the proposed method, prediction of vegetation changes can be done with more than
99 percent accuracy. In previous studies, using Markov model and logistic regression for
prediction of vegetation changes using Landsat satellite data, an accuracy of up 80 percent
is reported.

Key Words: Deep Learning, Vegetation Index, SpatioTemporal, Time series
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