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Abstract

Wood cultivation and attention to sustainable development are of great importance in countries experiencing
forest scarcity. Meanwhile, demand for wood products is steadily increasing at both national and international
levels. Spruce is one of the most widely cultivated fast-growing tree species and is commonly used in forest
plantations. This study aimed to improve the accuracy of optical image classification using machine learning by
integrating optical and radar imagery. It also represented an effort toward the monitoring, control, and spatial
management of rural areas, particularly from the perspective of agricultural activities, and can be considered a
novel approach to rural development in the era of the information and technology revolution. In this research,
Sentinel-1 and Sentinel-2 satellite imagery, including spectral bands and radar polarizations, along with a digital
elevation model (DEM), were utilized. The Random Forest algorithm was employed as a powerful method for
classifying large and imbalanced datasets. By integrating optical and radar satellite data and applying the
Random Forest machine learning algorithm, spruce plantation areas were zoned. The area under spruce
cultivation in the Ziabar Rural District was estimated at 2,650 hectares. The overall classification accuracy and
Kappa coefficient were obtained as 83.2% and 0.754, respectively. Accordingly, the proposed method can be
regarded as a robust approach for the monitoring, control, and spatial management of agricultural activities in
rural areas at various spatial scales.

Keywords: Land Cover, Satellite Imagery, Separability, Sustainable Rural Development, Wood Farming,
Google Earth Engine.

Highlight
- The capabilities of the Google Earth Engine (GEE) platform were utilized for zoning spruce plantation areas.

- Simultaneous overlay of processed satellite imagery, such as Sentinel data, with Google Earth imagery was
performed within the platform.

- This approach significantly reduced the extent of fieldwork required.

Extended Abstract

Introduction

Wood farming and attention to sustainable development are of great importance in countries experiencing forest
scarcity. Also, demand for wood products is increasing steadily at both national and international levels. spruce
is one of the most widely cultivated fast-growing tree species and is commonly used in forest plantations. The
use of spruce trees in packaging, furniture, fiberboard, the pulp industry, and the construction industry makes
them one of the most important sources for meeting the country’s wood supply needs. The high quality of
cellulose and its favorable mechanical resistances for the production of various types of paper are another reason
for the necessity of serious development of wood cultivation and since these forest areas are generally located in
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rural regions, they are a very suitable supplement for improving the economic conditions of rural farmers.
However, factors such as the long-term return on investment have led to a low inclination among farmers to
implement poplar wood cultivation. Due to its distinctive characteristics, monitoring spruce plantations requires
frequent updates of information, which can be effectively obtained through remote sensing techniques.
Moreover, as spruce plantations are generally spatially distributed across rural areas, they can play a significant
role in developing supplementary income sources for rural communities. This study aimed to improve the
accuracy of optical image classification using machine learning techniques through integration with radar
imagery. It represents an effort toward the monitoring, control, and spatial management of rural areas,
particularly from the perspective of agricultural activities, and can be considered a novel approach to rural
development in the era of the information and technology revolution.

Methodology

In this study, Sentinel-1 and Sentinel-2 satellite imagery, including spectral bands and radar polarizations, along
with a digital elevation model (DEM), were utilized. The Random Forest algorithm, recognized as a powerful
method for classifying large and imbalanced datasets, was employed. The study area was the Ziabar Rural
District in the city of Sowme'eh Sara, Guilan Province. The area of spruce plantations in Ziabar Rural District,
ranked first in spruce cultivation in Guilan Province, was estimated at 2,650 hectares. Delineation of spruce tree
boundaries within the study area was performed using pixel-based image classification and machine learning
algorithms. In addition, the capabilities of the Google Earth Engine (GEE) platform were utilized for zoning
spruce plantation areas. GEE’s cloud-based processing platform is highly effective for high-speed data analysis
and large-scale spatial processing tasks. In addition to the advantages such as a powerful data archive, easy
access to imagery, large data volumes, simplified processing workflows, and strong visualization capabilities, the
platform enables the simultaneous overlay of processed satellite imagery, such as Sentinel data, with Google
Earth imagery. This integration significantly reduces fieldwork requirements and allows researchers to increase
the number of training samples as needed to achieve the desired classification accuracy. The outputs generated
from GEE were further refined for visualization using ArcGIS and ICDL software. By integrating optical and
radar satellite data and applying the Random Forest machine learning algorithm, spruce plantation areas were
zoned. The overall classification accuracy and Kappa coefficient were estimated at 83.2% and 0.754,
respectively.

Results and discussion

In this research, using the integration of optical and radar satellite data and the Random Forest machine learning
algorithm, the areas of poplar plantations were mapped. Considering the land cover in the study area, we selected
a time for mapping poplar plantations when plant separability is easier. For example, the season after rice
harvesting can greatly assist in differentiating between poplar and rice fields in optical and radar images.
Therefore, images from September 2021 were used. In this season, due to the absence of rice cultivation and the
greenery of poplar trees, distinguishing gardens from fields is easily achieved. After removing images with cloud
cover, a median was calculated between 4 and 5 radar and optical images to eliminate potential errors from
image pixels. Before these images were used for classification, training samples were selected for 11 classes and
introduced to the program for learning. These 11 classes included Hyrcanian forests, pasture, pine trees, water,
urban areas, poplar, farmlands, barren soil, roads, marshy areas, and reeds.

Conclusion

The results of this study demonstrated that the aforementioned approach for zoning spruce plantation areas using
the Random Forest machine learning algorithm has high potential and can be applied as a powerful method for
the monitoring, control, and spatial management of agricultural activities in rural areas at various spatial scales,
particularly for activities characterized by area-based distribution patterns. One of the main limitations in this
research was poplar orchards that had recently undergone new planting operations. In such orchards, a
significant portion of the pixels represent soil spectra, and under these conditions, these areas are classified as
soil. While using training samples in these areas and employing field data can somewhat mitigate this weakness,
it will still have an impact and should be considered a major limitation. Overall, the research findings indicated
that the method employed in this study can be a factor in continuous monitoring and control of rural areas,
particularly concerning agricultural land use. This allows for the identification and assessment of agricultural
areas, providing up-to-date and accurate information for rural planning and economic policymaking for local
communities.

Funding

This research was conducted under the financial support of the Natural Resources and Watershed Management
Department of Guilan Province under a research plan approved by the provincial research committee in 1400
with tracking code 216521-16069.


https://hgscaj.guilan.ac.ir/

Ve
SCAJ https://hgscaj.guilan.ac.ir ¥
eographical Studies of Coastal Areas Journal,2026, 7(1), Serial 24, 23-37 ,
\,, ¢
k -

Stuadies o

Authors’ Contribution
Authors contributed equally to the conceptualization and writing of the article. All of the authors approved the
content of the manuscript and agreed on all aspects of the work

Conflict of Interest
Authors declared no conflict of interest.

Acknowledgments

This article is extracted from the approved research plan No. 640194-09/12/1400 of the Planning Management
Organization of Guilan Province. The authors would like to express their sincere gratitude to the research
officials and the board of referees of the Natural Resources and Watershed Management Department of Guilan
Province and the respected supervisor of the project, Dr. Naqdi, a faculty member of the University of Guilan,
who helped us in conducting and improving the quality of this research.

Citation:

Sharifi Hashjin, SH., Hatami Shahkhali, S.M., Maskani Jifroodi, H.R, & Mahmoodi Chenari, H. (2026). Spatial Identification
of Spruce Cultivation Areas in Rural Regions (Case Study: Ziabar Rural District, the City of Sowme'eh Sara). Geographical
Studies of Coastal Areas Journal, 7(1), pp. 23-37. DOI: 10.22124/GSCAJ.2026.26159.1276

Copyrights:

Copyright for this article are retained by the author(s), with publication rights granted to Geographical

studies of Coastal Areas Journal. This is an open-access article distribted under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted Al

use, distribution, and reproduction in any medium, provided the original work is properly cited.



https://hgscaj.guilan.ac.ir/
https://doi.org/10.22124/GSCAJ.2025.28328.1319
http://creativecommons.org/licenses/by/4.0

f J,"H'..fl:-l'l'x-_)“{"

& < VFeB jlog FV-YY P by OV el ool s L colillno gl 44 i
R
g

SHlwgy (P19 30 oo LS a0 & (JIlaS- e Sl
(13w A0 90 (3l yout ¢ oo HLwdd (50 90 axtline)

GO0 > ¢ r‘sé”j{qu)w‘ Y*G!la'ow‘s.oﬁlae\.’i’mow‘ ‘W‘;‘”ﬂﬁ‘)—w
T
stz

ol e ¢ AES olgz s Lags 00Siingy e gl lalllan 05,5 ool )
Olrl ey (S gl (alfils sl Jle (aj9al ange s tghy it e slins; i) alin g Lilir o8 Y
ol iy S sl alEils slyz e bipe] dumigo oo ylop 4k 5 lpas 05,5 Lol ¥

d | DOI: 10.22124/gscaj.2025.22674.1184 VEYMN/Y allio el s &)U
VER [ B/YY o by g,

PRV

Sl Lo aSCul (youd .l 51995 32 (2l paans Conod] 51 (A0 j88 (51)1s (sloygliS )0 Hlaly Arwgi @ dxgi 9 92 sl
S pge ol Gl Jlo 5 (F93dligy sebar (Mallom mhw 50 w2 9 o g 50 op (297 SYgaze

Sab b @iz (D9 o0 ooliinl (K 5150 1y 9 WS (o0 wdy Caspw @ &5 Conl (550 AT (Y00 S

ol (LI g Sl ouls ploxil (515015 pglad b plesl @ yb 5 rilo (6 Sl 9y & (59 Rl (aaaiab 85 (i34
Olged wilgh oo &5 (5)9Les glacgdlad Hlie I pgasy (lwg) sbav,e 2lad Cojoe 9 JP5 (b cu 5o
o)lgple polad 5l Gimghy cnl yo .abl ik Jledbl glagygls OMEN pac j0 (liwgy axwgi )0 (g 9,59,

S w38 a0 S eoliiwl (rojongd) Juo ol yed 4 5510y laggrml Bl g Shub il B 0 Y g i

SWodls Gl 51 ooliiwl b .ad a3 5 )0 mum> 9 ()lgio pd rodld guivalib 50 wiedjud gy Sy plgrea (Holai

—aiS1 6,15 pgiue Gblo Guiaiyy & (Bolal Ja omiile 0L i eRl 3l eolinwl b g )5 9 6595 Sloslgale
ol 99 L Gl g IS Como (Byb oS 00 e YL pled luwdd )0 pgio ColS ) g Colue

(ol Slp Wi j08 (Shg) plghedr oud Ayl Ghg; Sl Blgiee i F (4 W0 )F Jolo VDT o yd YIAY suiainb

Opopy wlido p2 b (oliwg) (2155 5 $5y9laS s (olad o puae g J S

ol &yl J59F oga el by sl drwgi (6 de SUSE (sleylgalo s glai 1 gunls (455lg

Wy O

0,5 eolatul eads (6,5 oo bl o 4y 0 GEE wlelu slo Jeusly 51 -

i eoleiwl GEE ailoles SIS sla 00ls 5 5,08, 5 5,55 sle)lsmle pglas 5l lojen j5b -
28h 2ol ez BB jsb 4 oad (5)15 pgro bl on agy 50 Glawe Slles -

mahdishatami1359@gmail.com L e 0ding g ¥


mailto:mahdishatami1359@gmail.com
https://orcid.org/0000-0002-2663-9377
https://orcid.org/0000-0003-3022-5422
https://orcid.org/0000-0002-7203-8396
https://orcid.org/0000-0003-0608-8456
https://doi.org/10.22124/gscaj.2025.22674.1184

Y ol Y0 e Jsl o leds cpian Jlo/ el ‘5>|93 bl ol Oen e Y¥

doddio .

Sl 5l el 10,55 0l Cueal ) (S 538 Glls slay9iS 5o (ol il drwgi 4 axg 5 oz Sl
Olrl o el Gl Jlo ) (S938l 55 ssbar (Hhell el )3 w2 5 o a3 o (297 DY gaze Sl LSS
9 %9 Gy e Ol cde a3 slaJlo o a5 S50 00 u-*-"l-' 0928 Jlod G 5l pez Sy i
Ol A Gloas,e b plivy, GlolisSn pritee LLS)| & axgi b oyt sloizl Jolge lid (rizon
s by 0 gy (l8disS oS 4S5 y5b a4y eunsl ATl palS iy sz alie el gl W e ol Sy3elsST
Oy (55,955) wled adi e |) 5l (pl 020 slagaiailys 4 azgil wlgy b atdly &g DawelisS (5510 50 40
g g0 o3liinl (Sx £)050 sl g S oo wl) ey a5 Cul S50 sladisS o e S 5l G peie (VYA
Plal o5 (el 13 1) 6ol GlagslS a5 018 3925 pgio )0 il g iled o Glo yed 5 LaisS 5 £5i5
Sleile Cais § Yok Cao ( S all 5 el (goidinng ;0 peie LS 0 5,5 (Tonbul et al,2020) coulools
slacuglio 5 Yoo YL cuis (Ozturk & Colkesen 2020)asius ;5iS woa ool 4 5L wlie o pts 5
(gl 5 gazme o) Cusl gz Ll g dmmgl Sgpo n 6N o e el adgi sl o] gl (Sl
Elog) Sy sl csmmlin it JaSe o Bly plis, lsi 5o lagac (lSir slaazey (! 45 bl 51 5 (1T
ool weeaS BB cVgame plo @ Cond Gpslose 5 @iy & arg b aiiliee gliay) Ofjysles ol
Sae SV cutS b emen (604lg0 LI (VT e (] )Kan g gaasl) 0,18 5925 0 lsen paie ciS maw e iol3dl
N gams (VY0 (), Kad 5 0015 ymmr) Cansl 00 o oz el ghal 4 3l5yslsS o8 oled oo (6,154
@y 5055 Oypo 4 @hnd GocS b by sz el el adgi Syge g0 4T 955 00 4 pisie oz Sl (e
Sl atile ame Censs Sllze yrpio S cgole cloariz s ogde (VFAD (o)) Kan 5 00l j ) o anlgs ool
Corona ) s,ls 55 ol 5 6)sl> alitee sloaiss (gl olfiiny; Cumds ol | ol CuaS (S ) cblas 5 igle,d )l
(et al,2020

@ 2l Glp eulol brb g sz Celyy dnngt Cod)b ek izmed g pigie S ) e 380 oluld
Sl Copae slp BlS be (omay (JKm Cupde 059> 40 a5 (Lou et al, 2021 )¢l gladbie ol arwgs
51 Gong et al, 2013)cenl (555, gliws; arwgi 5 Sz Copie rpasln 5 ooz Coly o K (S
Lol el el e (5, & 3l o il e3sS 452 5 gm0 05 Lol e slo S ooty b
Sesdge 5l EMbl pae 55 0)lge (Fp y el lopaiie g iley Sl (See) Gl rSojlal Bk Sl pee cnl el
bl loygo (ol wo,5 el Jolge opl acgame 00,55 ablol Lol 4 il colus 55,5 oo el (5,15 pgio bl
!y (D’Amico et al,2021)asls pdy el Ll o sloyge do & Lo sla 5o slacun b olo 4 5,5 pgio
2D 5 e by sl slp gy SR S lyieas Wlgie 590 5 i 395 5 sl s ool S
Sebiee xSl p o] 4 Giegh cpl ,o a5 Lol allus (Dobrinic et al,2020)s .5 15 solitul 350 BLS s
rSel (6599 5l ramis 9 Slaosls 5 (§3555SS Sl e 000 Bayb 5l ed ()1 e Bblie (plulin cds 8l

S Sl ¥
o iend 5 Il g LSLaSS a4 olaws § Cé iy Jb 50 56T rizman 5 Was Sl slails el b
Olyeds 5go 5l i Sl Glgies Il crl Gl )3 9 Spdyee plnil S 4 (IR LS50 L)l 5 o)l
50 Dilg3 oo Lol Baals g g loly 9 Sl gl sl lamle slaools 51 oolaiwl .5, pb Ll oy Fo0isS lgoual 5 (50 )8 5
oastine lae & (S (i a5 S 0 (gananys (Mazzia et al 2019 & Vuolo et al,2018) s a8y st Liwl, (4l
S o5 oS e i 0 5,m ol olol p satiaigy 5 el S5 3blis & Cad akhie K 50 005
Godl S 0ad (6,15 paio 3blie sonaiy plplo sl Selae bal i lyls 093 aal s bl 4y Cons ddlais
g pgo CAS ) e i il e gt S o SLSS Lyln Glls a5 pleasy, ololls LSS



Yo O b)) V0 e ojled pian Jlof dole Sl ol oldllae ipio S5 slb a e gliad - S lulis

Obs 50 (hrmmeceny o oolazdl (o5l Gralil 5 oliasaeliy 5 QWS meead sl Ll G Cunye I ()l pasis
5 SremalS lalidlccus 5 bylsl o5 céin b sl sleans o (Tonbul et al, 2020) o, g Lids poio
ey Soilyzear olas JSim o2 6% el asbl Gl Gl (slaosls s3laite 5 (3310 ol Sledol gt
bl suttil )5 (VU Jowily 5185 ol (mozains st o0l @ Glate (indle 550k Sl
bgi oS Coul (2553 (e S 9 sonaib Jue l latihasugs g wiyeNl Cnl Sl 093 n (aLS bg Il

(Breiman, 2001) coul oo a1l ye o

61915 5 Syl y29lad g 590 31 s 3 o3liusl Sbf3a ) ¥

4 Xigh go odlitul £abge sloatis glail asi Cugzr (bl 03ls dgerme S lyieds Ygane 590 5l Ghoniw sl
Slp feoe slaaidi (pl v wllbior ey Erae b ek ple @ig 5 @ldd slagle eatasla
Ngd oo ooliial (o) dg 9 (o2l ) (ormbalie 5 o) S e Slag sk (ol «55)liS sl
prdglate Heo 3l Lieiw s,9ld (Kvzoglu 2020, Colkesen 2013 & Colkesen et al Tonbul et al,2022)
059> ol ,o a5 (Joshi et al, 2016 & Huang et al,2018)ccul (s;,5Les &Y guammo (gaidinds ;o oolitwl 5,90 (5,9LS
» odle (Lou et al, 2021) wil ooy DY game somail ;o oolatul 5,50 Lol slaosls locds dian 5,55 pglas
755 HE b 2 g oo oS zge a8 ad slaail (39531 (53 ogole & S5 5 (e ol (i) (i slaail
a g bl polas jo aiSTh sk a cwl Jb ,o cpl.(Chong et al, 2021) 50,5 &Y game gaidid 85 Sgup by
Glp 1y saiads,l Sledlbl a5l onds sanlive snsy Su S 63 oled 5 awiin JSE (s bces Sl
Sl (65598 polal jo (gaidigy CBS dgup sl by, o ioleiel BB 5l S aS gemd 4 ams o &3l guadls
5 ol DS las 5o cel ol 4 68 palal slaail o)l 4o a5 1> (Dobrinic et al, 2020)
2 Olees slojlgale polar 5l ool b cplply (0¥ (ganly g codlul) 098 oo () oo Sl Coluss (65,5051
Glolsale slaosls .(Lou et al,2021) sgas s o pw b 1y pgio CaiS 15 zshw g) ol 5l g Ol ganail
I3 LS g hls Bblie (anaig 89> 0 (§)l (lione a9 990 (539 9 )] nglal SLIL Y ) Juctew
e «6,l0ly palas 1 solanwl .(Tonbul et al,2020 & Jin et al,2018 & Orynbaikyzy et al, 2019)uslazs 5
.(Fogaetal, 2017) wia SLLL (50l g9 Lalyls o 0uls 331 (5,9 molas slp op;50l>

ol Gyl 55 ) Y
el 5l GEE wi luilel, U568 Lawss Yoo Jlo ,o a5 coul ool g 5 oSy ozl &) JSsS
Sae dily sbrosls degesre Ay (g s (S oo oolatuwl K1) a0 5l roriw sosls acgesme 3l g el TS Slwlxe
Sllllas 5 st e, colils alels ol o 0l 5 ,%kee b b 551 51 5 Slowlors alosil b ol yan GEE o 1Ly,
5 2575 slp o pob 4 GEE op) Ghjloy eyt (OVAR (e 5 (Sl was oo o)l ) (ol sbDL plp 5o
55 2 sl ) 5o ia et al, 2021)cenl clin Sl 550 LB Aol i b VL e b sl sl Lo
‘) ulia‘ g_v‘ GEE qu‘ » oj)l.c MLSA Sge ‘_;bl.v) e b ‘) uy?a.?bo ‘_Q‘MM.JO @‘)ls aS \)9.....'69 )5).4).1 6..“.;9_»..\5
@l S50 Ol 30,5 ol pugai gt b slapt )5l 5 (elocs ;oS3 Slapiy s 5l (sl 45 0551 50 w0l 8
YL oz pglal 4 Gty s il a8 ol | emen Slacu e LS o (Zurgani et al,2020) oo 5 el s
5 i aibe i3lop cow slojlsale pslai lejen Sligeen 4 ol oo YU Gislad &ya8 5 ool Slijls s ools
A 6,l50,0 9 amd o B ) Jlage )5 px> Sl) 4 aS 0ged o Ll degezme ol o GOOgle Earth awlole yglas
AU 050 CB 4y o, b (cdgel aiged olaai b aylei oo oald Siagly sl 1) ol (nl Bk 5l il oo she



(VY b)) OF0 L (Jsl ojleds piin Lo/ dolo >le oLélas ollas Ohler 5 sy Y

oolatwl oo (5,5 pgio bl gamay ;o GEE alls slo by 51 (iogh cpl 50 cplpls ams ioljdl golaas
00,5 walats g tales cgz ICDL 5 AICGIS 38l o5 5l solitul L ailoles ol slo g, 30,5

Gy gkl 85 b1 sl L oo 5 (OA) IS como 5l agsy al o s o)1 slelsale sl
iloads a5l )l anlol jo o el )l ol (slo Jgw 3 o Qb pgo DL

_ NEL1 Py — By (Piy X Py
Kappa = N2 — 3 (P X Py »
QAW = Z%X 100 ®

Gl IS slawi Pry g Pig 03,5 o 518 1 s g 1 cind) 50 (udlylsS s ilo 50 45 wilonds (saiai oo j5bo
el oolainl 0550 (glo JuSy JS slawic N ol coi (ygiw g1 o) 4o (giasb

olai S N F
65 54 Vgamo Lbjpel dilpp aisiS ol 5l eslital b o Shee o5y csjlodings 3 sl Sle cpilogs o5l
Gaieb b g i S Joedlsiear oI5l isdael Jaw slml 5l (g wilioe sy 9)90 B 5l 25 Sledllo]
sloig, 5l colaiwl a4 slotg axg 3 sl Jls o (BUrkov,2020) 5,5 o 13 coliiwl oy50 piwaw LS,
Feyise et 4 1Y% ), en § ,SiS) ol aLiS 50 5l Liomiuw 0595 40 (g sloadds sbul Cgs rilos 5ol
.@l,2020

SIS 5 Slalirdle BB 23 iy o ol 55l a3 55 (bl oSl slo s, 3 5o (ol Jr )
Sl ool Sl ey dawgi 4 el S50 e (6,500 o) s Nl G lgiea g, cpl ceslasls &SIl ggSTenls
0 oLl preal S0 60k Slaws ccnl Dledbl (oS 5 o sl iy, p e 45T by, ol o (Breiman, 2001)
el S )3 (sble 5L OTAR (s 5 B0ia) gl oo oS 5 (Siimr obol o8 b 0S50 pled G 005
algi s QLS50 Gal et WS el (g0l @y Bl s 3B Lo Jue (nl 45555 0 )La) g505e cnl & oy o0
G pslal sl 53 Yganer Wig, 54 55l o ke 9,91 5 (st wolie sl Lol sunail » ogdle
(Kgvzoglu et al,2019) 55 o oolaul lo WS ;0 a5 o] 385 SUles s 4y y90 5

3 el es 4l 5 potde (E3dge (nl b abal) )3 oud planil 65k Dlalllas dcgazme (ow)p & hBgR die )1 L
] 4..3; )|)3 <L>9.' 3,90 LQ)T O Ja.“j) 9 0 SR e Sllas )‘ o..\.o—‘ Cewddy C.:Lu Cound U"‘

&) pgime blie ganail o (il jsliie 4y lojlsale pglai (bjsel Cuz 2l glad 5 ) Ken o (5 e
QS)L'AB )ajL»a.i Le Q—‘ p...o..u Ls 9 C‘)M‘ @‘5& )Jﬁl.oﬁ.' )‘ ‘) u;tli‘o s&&‘u g.))..\.‘i 9 &Lo.s)‘ )—o.A‘)lJ UL..M;‘ .\409..0.) oolawl ouds
4SS as0ges Gl o, Ken g 51554l (Miraki et al, 2024) ains jil38l 1) (6,5 poro Gblae (o agy s aiuilys
rgbal ;o ganaib 85 0,5 zl il e slas mSoslail G yb 5l sl cads slasl ol pgio o g &l ST
bty S0 eaw 5, g, 5l ool b (6 an> BT (Kavzoglu et al, 2024) oS o low (ial33l 9959059 9 Juitiw
Gslwdings e, o8l 5l s 00 9 Sldue so (6,5 ojlal eolanl b lasl sy (o) 5 pgre blie gou aigy 4
.Jaafari, 2023)s509e5 &l (gomaids cgx 1) Ol o g Sld slosgs



YL b)) V0 e ojled eian Jlof dole Sl ol oldlae ipio S5 slb a e gliad - S lulis

L oo ol i85 Slogil gliinl gy gz ane 552k 5l oolisial olsie b slellis 15 o Sa 5 5]
ols s ol aslansls y paio Olel gunaad (o udlos S0l o, byl 9, 2 oV Jiiiw polai 3l oolasul
D’Amico et)s,ls pgio Skl ganaidb o St Gl s, 4 Cas (6 i GBS cnac aSD Gaos (5,5 0k ;65!
695 7= Oeilos 250l v 98Ul 3l eolii il b pgio s (sabaig Glaie b slalis jo 3, 5en 3 5 550 @l, 2021
Ao ol g a8 anlie 5 (b3l 050 5, amakib sl @bt (Bg, ¥ il wisged JSTY s psla
Ozturk &Colkesen, ) coul Jls,55 5 Jiciw palas gomaib gl oYU Jowily 5 Solas 5> g, 45 Goum,
o ol (65,0t g )lie iy Sz V5 ) i bl oS plsie b pheghy o o) Sen 5 Sz 12020
B il 8l gl 50,8 g0l (slaasl l eolaiul p sunaiils CEs dgue Sy g4l 5 (5,85 srools slésl  aSTE
(Chong et al,2021)s55405 )l yol (55,5LaS &30 ,o Goail

L gonaib oL )l Bua b plalS gonail Vg ) i gl (lyie b lallie )0 ()] 1Sen 5 G 299
s aalasls ol jids gondab ol S35 (g9, p b osls B cw) 0 4 gyl g b sla Thg 5l el
Wlg e (BLS Giday (Sabdigy Su oS 5 @ e 031 dsgazns jloslitul K05, oS 03g ol 5l (S il Slisdos
Sl 15 o gomaid g e U glallie jo o, Ken 4 Lt .(Dobrinic et al, 2020) s4 soliiw! )5 wlibe ,o
i) ol ) 5 aiagad oolital saspaies (ol olas S g, 1Y S sl s, 52 g ol
(Tonbul et al, 2020) 54— (somdids 7l (g9, ,» lail SS& & ,08 5 ¥ iiow odizw anb sloaib I3l vy
¥V e polas jleslitul plisl aiSls y Glpl ez 50 5,5k (IS )0 on g 4 @l e jo ol ew 53,8 Slye
9 ¢Joexl (VY 0,8 S o) Wisgel B me diedgw anadl cds Juwlidl cux 1) ol asli jleslaiul § el |
0993 Ol b gl sloosls 5l oslitul b wasego (liw et s, psio v (o Olse b lallie )5 ol e
sl Sleiing iy lp |y Slaee xS oslal ) 90 5l G jlesliitul b pglal gunail Wi 5l (S
OhbSes 5 ghaam) 35y (IS il usamego (lis 0l o ) pigio ClS Coi Corlis 0aiiS s L] @S
o oad plol sl g (b Ol axwgi 5o Gl B 5 09z el lyie cos lallie jo ) Sen 5 55 WIS OVF
2 sty B g st B Ll o3 51 55 5000 sl b sl e iS5 5 Wloae, 45
OYN G 5 550 @oB5) 5,10 5585 5L5 (g0 8o

L 5ot (o] slinasls L oI5 o 425 s oSl ) plsie b singiy 5o ol a5 Sk (g0
3 cogie Coells Cs) sl o ol 5 05 B LIS 5 gt S oo e 4 25 55T iy
pobar bl oLl lee b 50 gladlin o o Linl (VWAQ ))lSen g Cio ying,0) 0,18 (5,15 poio aiis ags
OB 50 goaigy L8 anail ) osleiul L TM 5 IRS (slaosizrin piglai dois S pigio SSa5 0 slolgale
A 4 Bl osliinl 3550 9,509, b g (gy 2 )90 dilaie )3 3l (LS LI po g Cono @l Sl )5 pge
aaii 4 olese L gladlie ;o 5)LSea g oDl GLET.OYAY San 5 Cho iug,0) ALl 0539 las,lS gio
lal oo ool sla g, (b jlezsloy s lagsy, syl 4 dRS o lsale sl oolinal b pgio anargy
LB @in heb calid Giagh cnl 5o plial JSie G tage g 5055 28 00 VL Sl calis (n 2 IRS g
AYVY ganaly g Ml )ogs g o ZS

4O ‘Sﬂw.g.l b ol 4 )9 palas jleolaiul ail oo Cowdl Pl ST i 00l plonl Oldlas aslie g oy b
el 6 550l (sl o3l o iol3dl 1) sandads s wilg oo (5,9 9 (5 ly slrosls plesl .aiS Lod &SI guaiy
—oals plésl (6,15 poo uuaig lp aes Bl L9 gl alled co iloads 8l sunaib o3> o Sl sla Jlu jo oS
S 297 Jeily Vo ¥ it la i )11 5 5)98 ngbas (Bib 5l ogd @ly anie Wlgoe )b 5 5)9 sl
o2l 8 Lagi 5 Sl g5lwosly ,o a5 SUISL! L Google Earth Engine (GEE) awbols yizen 0i)ls oo (goidiy
s gonaib oje > 10 50,5, Oyg 0wy wam ele Sledbl g o g, ol 45 0iS e ol 1) ISl ol 0,41 oo



(OF ol VP00 s sl oyl i Jlo / dolos ol oLlas oldlias Sen 5 s YA

Bblie goma g cg Yol i ojlanle (g)loly 5 (5,05 (sloosls Buali imgh ol 5l Gas Liwly fen j0 .08 5
A eolgs Ly GEE wilelus jo ciilo s uS0b g, 5l eolaiwl b (5,5 oo

293 009y -F

‘;w))gé)s.nd.ﬂa.w” o Olazsine ¥,

Ve gaz, o VY olidlps o 0 a5 abloo (S bl 10 hwasogo law ol 5l plos liwns asllas 5,90 adlais
oga> alols o 3,5 4885 V0 54z 0 FAL addo Ve gax 0 ¥ L8l s> Job 5 Jlod 4z 8o ¥ g ax o YV U asds
OF e Gl 5 daasD) ol 1) liw g mhaw jo oo cilS Jgl 4, lias (pl 3 Sldlas ulal 5 (VY40
dibaie olgieds Gliwes cpl b pl o 6,8 pyro ‘:«wamoybwbw |ywasrogo liw ol )0 liwas oyl
ol o plo s o ules o cdalin |y adlllas 050 ddlaie Cmdge ;5 KD [0 .000,5 QL] asllas 8,90
ouds adly by o515 ax 5 0 5 Liwg, A g ,leils YY) g Comax ;a3 Y209 Sllo ‘Qlﬁl)ui;).o VA0 Jlo (5 ko yus

39°150"F 195200, S—
b taalian o ggndlliis 1
z P ;
| 2
F g
| ”m
/
Z .
| rw
| &
| I
n B

8
KM

Olyt
T T T
49°15"0"E 49°200"E 49925"0"E

O bl |y droguo gl jeld )0 yalad lmdrd CuaBgo 1) S

Ly Jun 2 (e polal gondid adlle 5,90 Godgame ;0 pgio (LB )0 5pe uaad (gl Bad 4 axgi b
, (Ozturk & Colkesen, 2020) éslas JSio o5 (oieilys 4 azg5 b aiil so cyudlos 5ol o 5631 51 oolazul
Opgh pll ol e 10,8 oo 1,8 colaiul 550 caiS guadds lsica p;unﬁf.ll Ol eals 6,8 pgio sloaiy olulis

sl o0 &Y S o



va L OF b)) VE 0 e ojles eiie Jlof ol e obihie ol iyt i ola a e L - e oLl

Sentinel-1 Sentinel-2

Tt

<>
QO35 e

3

WV (yguml 32,50 HV (gl D | [(oiab slaaily

osdle 553k KT
<
s 4ib

T B s o e m

' ; 7
=% (:f] s 3l
® . - Gy

oy plil wigy loged ¥ JSo

ol 00l &l ] o5 5 s plosil Wiy aST 00 )5 e plnl GEE wileles jo g plo! Jolye plos

JL_....J )| GLA) a .‘05_;)4’ S J‘—"ef J.)BLAJ JJQ;CSQ A aslals B A 5\ Jw LsLbo)lsbLa ).asl..as LL\.»‘ Jﬁ‘ 41}1,4
9 &l e S SIS o i ooy e Mie il (BLS Adgy Sl M G (6 SIS (n iy oS w8l
D0 8929 paio ylis o

SLbjlop iy plamil am 35 Gulplis aBloe (s )3 (o) el 5l (Sl QU3 &jg0as pglad (nl 9o al> 1o
A30,5 Bl alllas 9,90 adlain ;o ol gl)ls pglar canl p3Y Lol Lo (SO jegsdl) 5 (gwais Slovseas Lod 5l K
5 Ng=i o pléol Ko LVH s VV (gl Dl il 59 5 658 nagad Sl VY elinjlo iy plosil 5l ey oo al o
20,5 o peiiles 5 S0l g, 5l eslaiul b sasnan b als o o)l g paal SO CJB o

Crele L5 g i oo By (§ 50k S (ol JSiz) gl o058 4 (50l slaaised Il ipges al> 5o
oW o 5l e tate ool 6l anles zl sl | La oS 5l plaS ja slae Lol g ausliio |, bl sla WIS (gonails
asliyp do (6,50l S g FoSo Ly e 0 b Ko Sy eolows Slie g oo (D yre pia 93] A digad (g0l
Higdse (P yme

.oo; ).:9.@.: kgdwd.n.o.b a f‘d&‘ ‘SBQLQSJKO u"’ﬁ) )| oslazuwl L» ‘Lgf.fob r:Lo.:‘ 9 c\.Jj‘ le‘“u*’)ﬁ“'] )1 o ﬁ)Léf> c\l>).a
O ..m19:> ‘5».0)9.0] 6[&449.4.) L}&)LAAJ‘ P o (_g\.\.uci.n.‘.b Ryad sS.s 4.1>).o uJ‘ 59 )l5 «5’5)’ as EPFo L

a2 g LIS oo 5 (S oo slo il bl eslanl b e 5 JUT ol esled o 50UT ) Jool> ol ey al> o
SLel ol olyom 4 oy 425 (29,5 392 90l 3,90 @l 5109 aalys ey Sl b gl dalie )50
23 Ladigad Coxbgo g olaal (g9l 5 28, (6 pT0b Al o 4 i o0 (Sl @l 5 Euls) pae e p3 Lol 03 5 oo )|
23 oo Aelol Ay aoe Jaax Loy U1y as > cplols iol58l ) el



Y ol Y0 e Jsl o les e o/ Jole L_?ly‘ bl ol Oen e Y.

Sy g g R sbaisl O

@ Bolas > ailes mSol ool sl oolaiwl b g s loly 5 5,95 slojlsale slaosls .l 5l oolaiwl b gty cpl yo
o) psimo Ganaiy plxl Cqz adllas 550 dllate )0 (e Lidgy Azl bad aiSloy (o) psio bl ganaiy
VEe o Jlo oleygs s pabad 515,000 5ol axils (g)lal, o SCnl polal 1o @ip g)l50 9 yaio (5,00 SUSE 4 (55l
g b & 5l50 5l DL (608 SS& pgio L5 0 ud juw g g £l <alS pae Jdody Jad pl 10 050 5 colaul
oad ool Gioled ¥ S 0 ¥ iiw o)lgale B5,B4,B3 slaail &y by o () pgal 050 0 plox]

49°l§'0"]§ 49°2l’|"0"E

Y Jwiuw 0 31900 RGB i guaié

3TN
3300°N

372S0N
37025'0"N

49°15'0"E, 49°20'0"F.

J.uLo.aoMLm.o \J.‘.«.u.wo)b.mLovijV 09"’“"‘)"))1" Jalaj.b).)‘)g;ws‘fuwuwfjtmd.u‘ysaﬁ ¥ J&«.u)b

49°100"E 49°15'0"E 49°20'0"E

¥ i 0098k VV oyguat 33,35 515 ks 09

4°100°E 49°15'0"E 49°200"E

4 7z e o " - g s 2
5 £ z 1 i 0519k VH (gt g S5 5 0l 9
H H E
z z £
3 & 3 5 7 g - .
§ : § g . el
8 4 WV polarization s £ \:.N.tollrlzmn
g Value Vg 13.3s
an:2acen 012 4 6 8
012 4 6 8 | P KM .
4°1I00F AXIS0TF 492000 F
49°10°0"F. 49°150"F 492007 R

Gy palai jo oSy g oo :F S

Sz g Bl LTV o (jgel sladiged ganaiil al>ye a4y sl (ol 09,9 51 B s )T Bdo pyoal sla Sy

6‘ﬁ |)4.3.la.$vo)d S9>g0 éaa‘ LSLQQ"’WL)"}“" Lg).n»m Q)Jé M‘}‘) :Li»)‘ LS‘)‘.' ST )l}gsdloﬁ dJaLo.c ‘ol) ‘)Jl)

ITINON

3728°0"N



A B B | B R e 2 oSS glo as e lab - S lulis

).va_.aﬁ ) u,u.._&lﬁ) Sl 9 ..\_n); g.;L?L..»‘ <5L0‘ ‘_gl.bu»)ls ‘_g‘).v ‘5.»)5.01 4\45.04 ‘_go‘..\:u p...al.o_v sy Lbo)ls.mLo )‘ «_i_vj.db

Gy pgeai (I

(@) &,1015 9 () 5598 pglai 1o L WIS (g jay Coldi )1 glaiged O S

Do oo ialed Hlol) o Sl glal dcgemme 93 0 )0 9, WIS (6N SESE o954 polie (o dslie

sentinel 02
Sentinel 01

nnnnnn

§

§

§

§

§

bl oo Ledl (cwiin sla Thg Sl 4 g9d90 (nl sVl Lo LGS (552 6 0SS )3 )0l sl ity
05 s odiztiw S 4y STy e ol aBb oo slais ] Ohge 4 Sl &S ool g O mdaw wile olesl 6l
-~ Double bounce wgo 4y STy loyleasbe sl sLil S5 6l (Byb 5l Canl i g (o b Sy 5 Sl
Sy dgd g0 000 Bt S5 A by Sy azei 10 9 250,530 odiomiw S 4 YU Dl b zlgel Wigdh oo el a5 il
€5 > g Sl ol (LB &g oS (bt 4 2ST Gad gd e By FOUGN) 5 Blaal lgieds a5 sLil sl
il ogzsas pgal 1o Sglite Bud b (6,8 sle Juy wigd oo Ll a5 03,5 o0 2l o slite polie o
bl ;o 6,lol) pgal Chns 390 a5 ] 4 b 4 Gl .ol oaline LB O 5 F IS0 0 la 21, cpl sladiges
S oo RlBISal @ ey ST es e 4 ST ey Dad Bblie cnl 55wl oo stz S 4 o STl
3ot 0aiiST S8 sl WSl o0 (6595 nolal 63,190 iz 50 095 pslal gunaib yo WS 9 el Wl
5Tl 455 b U8, diged (lyiedr Wls R0Ss 4 gl Caled oy (B p b B, )9 palad 0 Bk
g o 03ld Glolad dalol jo wijle KuSs a1y calid o i a5 pgie



Y ol Y0 e Jsl o leds cpian Jlo/ el ‘_?195 bl ol Oen e vy

el (gl

TV g pgo b slanl anslic ¥ o

HLd) i ol plw jo g il oo lgie [la 4 B2 Glawsl jo as)le 50 (] (6 S 390 0 0dlie a5 jghailan

Gl C8s il oo (SeS Dbl laicas g5loly slaosls poiz cpl 9)lee 1o a0 &Il 0e5 5l polis oo
B (J""QSJ_) u.;‘ RV ‘G)y 9 6)‘é|) ).JgLAJ )l g_i: »® 0 QL..: g_;}s 9 ars blas O 4}93[) w).v u)l LERNE V- N) u.ul)sl ‘)
Oigy 5l eolaiwl U ganaids 10,6 S ouded slaasges Cloal 51 ey o oolgs Ly ledbl cpl ylalgs ool
aaii a g g aalp s>l 5l e o] 50 a5 0005 eolawl GEE ailoles sla sl 5 .cépndy &0 S0l 5o
Corlue S g EB calpo polie sanlie pogdle «do LT Jol al oy .0u8,5 saslive jui 8o slo sl )b 9>
5 Uhgels b .2uo 5 awslis GEE «lls ;o Google earth gl lsale pgai b jo (goimaigs i wid 6,5 pgo bl
St S5 oy 5 Amalie | (gaaigy 4l 5 o2 )5Sl O )08 (e Do o (ST A LAY Gases (0o,
Crdsged slasy e 48,5 O g0 o9 A (gamaib a5 Sla WS 15 o gd (gaudids gl Sguge g B0 il
adlie Sl a5 Cdl aalsl Sloy L5 as 2 cpl 00,5 sy 85 5 1l el dazme 5 0 sols al38l 1) jge]
S 3 55 ) 555 i b dellin g sy 0 5 0005 ol Jped W6 (slaB8 03,55 i s 55 i
A5 0008 ool IS Coro gl ao 0 AYIY sae g LIS o po (6l 00 IVOF sae sty cpl )9 0 10,95 0 a3

el oals STV S o plos liwas o DL gunaigy 29,5

49°100"E A9°150"E 49°200"E
. 2o 1Fee Jloud 5 )18 pgio Ghlio g aigy 4l .
e s
2 2
L §
rd 7
5 &
o
- %
-
012 4 6 8 - o
— — — KM -

49°100"E 49°1S'0"E 49°200"E

W03,5 0,591 5 i YEO - S 1) s Clane. 0l o 00 (6,5 pgio DlEL S5 ol 3blio



vy L OF Gl OF0 e o)les i Jlo/ Jole Sy oldlar olllle yio CuiS (sla av e lad - S lulis

S 325 dxpis
SLa S ool ;0 S8 5 Sgpw St iy bl pogaza joiS slatdl )5 Loz Sl ohg Coeal Lo
9 LS)LA] le_ibgs...&v “5>l_.3|).b’> uLc)Uo‘ W 9 599 )| U’“M rb.l.c m)l...uou\.ao LS'lJ))‘ (.SLQU'“"ﬁ) )‘ S| )...QJ 6(5».)).“).&
ooe Sledlbl 5ali L L5 o9l o ool 3 laasie slp 1) ol cpl Sl Lol cdd> )0 amles solatul (515800 5
SigSz 5 e S o (s lal 5 (o, slapt s G skl lmesls oLk CuaBse 4y g e Sledbl L Lo i
sl s ools Sl & 595

blie colis 5 SauSTy (sonaig 5l Gds Sledlbl 5iS og> il el Caz pgio CuilS Coanl 3925,
L aVlo goaigy S oY e 5 Gho) S Al (o iwd 50 055> (nl 50 6,40l 5 S pie S S Cou
sl il ojles 5l g ilnn jo poiw ad OLL aS slo Hlis mls S o b a0 el ol Bas Cgllas s
aleol 5o b slas o)l 5 Siew Xz b (Sop e 315 Lol il S8 BB g Dglaie  2LS sl iy
codhe glacds a4y g ols il ) (6 pd SIS () les oo GEE aloles ot sondses (sladiged 8120 5 (5,l0l, sloosls
ey 039> (il 53

Sg oad ploul ¥ s polal (g9, p ofgds slosls SO & jgods Clél (gaidigy s pgas 0 pien Olalllas
60,5 5l 90 5l Lo 3l eolaiwl Blalllas S 0 5 (D’ Amico et al 2021; Eslami et al, 2011; Heide, 2002)
IO pg—e Lgfq._.,m Ao qu‘ GD.Jo wLM (\f‘ . Ublim 9 9].).0.}‘)09) 03l ..)LW w) U”"j) 9 03 @Jx.o
Gledasges ilidl g ailaie 5l g al cowlin loy olsl (g)loly pglas 5l oolaiwl b a5 .09 oo 7 ,kae (5,98 yglas
5yl Hhs Sl 5 o) slos mSoslail 5l eolaul b gamaigs (b, 2,5 > alee ol Joed P o> b padss
Gyg—ax dxxlie b aS cand oy 10 o5 Coluw b Sl o9 clély plad comdge 5l cmlis )b 5lcenl 4 e
omlpdl ade 4 shg;y i il all Gl SO a0 adllas 550 ddlate Cawg ST Al g Sgad (55 0jlal 4 pladl
anim a8 b Vb e g b olgi oo uizs ol 50 oo a8yl Bg, 50 Lol .l dilaie pé SlS e g anje jelple o
Dged (goiaigy 4 pladl ol sl Cars 5o

Ol e 00 aJlws 9o 4y iyl a5 o gdod ol B ais gl (gt (pl j0 0ad 0o IS4 Gl SLIST p ogdle
slras Al S Sloj s S ygon pslas Sl oslinul Jsl 3,50 53l ST Slalllas o umail c8s 5 (6 S
ol g gona il cge lals Al SO gielsd a5 > 5l peal SO laa Glg oo Sl jo ] peai ST
gz Vg A v asle )50 sleodizun ledbl 5 ads sl azls jl oolatwl pgo 0,90 390 coliwl (5 ,dy S
ooliinl (gunail 83 S5 S b slaatla Sl )98 lanih podle g cnl )0 adlice 6 pI SIS Gl
RGIREAPES

ploml LesT (65, o cils wldoe F3ba a5 090 (5 oo Slel a4 bgsye Lty opl jo Lol slacosgame 5| o
S Glaaeay bl pl byld cpl jo a5 diwe S ads sauno lid b JuSly odas (s SLEL aigS ol 1o .04 00l
abis ol goga> U5 lgi co loue slaools jleolanul b g sblie opl jo bjgel slaaises b atdl aisd co (gois aigs
Egorme ;0 .85 Jlai 5 sdes Cudgitne SO laicas b g 09 dalg> )L\f),...b E9090 (il o2 3L Ll oges B b 1) Cans
= S g Ol g et (ol sliwly jo el Wilgs co Badiod ol j0 o0l 48 )8 IS g, aS ol lid Gudod gl
5 =h) ay @lobd ed (s Goyb Gl 516wl 65 )5laS (Gl ()5 ae 5o ppat (b, Gloas,e
4 sloosls g ledlbl 5l doo galsx (slp solaidl slo s, l38 cunlw § oliws, s5,40bpm plas jo dosl Comdy Liovw

A 1093 5 (5280 5 59,



(VY b)) OF0 L (Jsl ojleds piin Lo/ dolo >le oLélas ollas O g iy YF

o9 olwl>. ¥V
Ll oimgty aaS Gy cidgh b e 5 LS liul 6 ol 5 sl aibio o sl e Cules o o o
2 pdy alol YVFOYV-VF 54 o oK, aS LV Ee e Lo o

Sl ails ply ege 0o planil loeddn 5 Sl e pled )3 (a5

&lw o)l A
Al gx8lie ol d5gS g a5 aisS oo pdlel Bauy s

S gy T )

0ad zlyiwl (IS Ll g3, aslp Co e Lol VFe e AT/ A2V AY o jlels avgan cdpgh b sl alae oyl
9 tf*”‘b &UL».A o)b‘ u‘)s‘é Q‘L».b 9 6@5).’ uyf-‘*" )l ‘) $9> AJLNM )S-AM—' w‘).a M‘OGA IQ)Y »)5_> » ulf.\wy o
gplel ol leas DLF om‘awbbjﬁ‘dﬁ}fo ‘5@1 ol C)'L’ pyroa U g (LSl (_g)b)'..;’q—‘

S edlel sy ()b gt opl S sla)

&L

UL._..»).@(» 6)15)-.’5-;—" ..\.Jg.v 9 CJa..u gy OVFe ) al “53‘).7.‘) 9 o ‘6}5)15 £ S ‘)5:;.7-)5 ‘L.ar.l.c ‘&Lb) cdobold ‘91.\.9.‘>|
NOANFA oo VM ol slo K  ulidpg . oLl i Sl giaw 5 Slae sbaosls 5l oolitul b | ywdnego

u}’é‘[’*‘” 47»’/”"":"“L')|)%‘ 9O pogee g 6)9‘)5 0 S ) Rae S o pd J...L'm (YY) ‘W ‘)Lg),; 9 4o o ‘ng.)l_?o ol ‘ool}w
NOFNEY oo (V)Y (ol del5

Y i palas jleolatul b ol pl 10 4,5k slo JSax 0 s (goidigy (VF+Y) o bl i il 5 Chugsaw 0,8 Sl e
MY oo (YN ) paio o K> clidizr

ol 15 (6,5 pgio Ay o e el soliaml Jalse (V¥AYV) (gols (g ol g ola s ol )T Kad ¢5als o S Ul ool e
XOFYEE oo (V)P ool psio g SSi linios (| podnsgeo i ) S

Sl ol jo o g oliile S slagylin! sogr S Gl )0 slugy 0, Sles b3l OVYAA) slo 8 soul (59,8l goomma (e
AAe Gani( VDY ol slo JSio  liiog o))

il 0 pgio Glize lo IS S35 5 Sleods; il ow)y 0 OV A0) Sgrus s 5 b g dabld ol o e 65,055
DA-OVY oo (F) 19 o) paio 5 SR> clidz. 555 po sl 10 yguusd

095 &0 patis o (dle (5550L labyy (2L, VYAY) Ao ( D 5 dllz g, c(sgmge by cgogaiio o jare B pie
YYV-YEY Laod D) FF oS 5 of pale (ol )3 cuss 51 ciso) o5 slaSs JT )8

Breiman, L. (2001). Random forests. Machine Learning, 45(1), 5-32.

Burkov, A. (2020). Machine learning engineering (Vol. 1). True Positive Incorporated.

Corona, P., Fattorini, L., Franceschi, S., Mastronardi, A., & Chirici, G. (2020). Probabilistic sampling and
estimation for large-scale assessment of poplar plantations in Northern Italy. European Journal of Forest
Research, 139(6), 981-988.

Colkesen, 1., Lango, R., Khomutov, P., & G P. (2022). Poplar Tree Index (PTI): A New Vegetation Index for
Monitoring Poplar Cultivated Areas. In IGARSS 2022—2022 IEEE International Geoscience and Remote
Sensing Symposium (pp. 1234-1237). IEEE.

Chong, L., et al.,(2021). Monthly composites from Sentinel-1 and Sentinel-2 images for regional major crop
mapping with Google Earth Engine. Journal of Integrative Agriculture, 20(7), pp, 1944-1957.

D’Amico, G., et al.,(2021). A deep learning approach for automatic mapping of poplar plantations using
Sentinel-2 imagery. GlScience & Remote Sensing, 58(8), pp. 1352-1368.



v L OF ol VF0 L ) ojled uiin Jlo/ ol (g oldlis Slalle ipio S5 slb a e gliad - S lulis

Dobrini¢, D., D. Medak, and M. Gasparovi¢,(2020). Integration of multitemporal Sentinel-1 and Sentinel-2
imagery for land-cover classification using machine learning methods. The International Archives of
Photogrammetry, Remote Sensing and Spatial Information Sciences, 43, pp. 91-98.

Eslami, A.R,Sobhen Zahedi,Sh.,(2011). Providing poplar plantation map by Indian remote sensing (IRS) satellite
imagery in Northern Iran. African Journal of Agricultural Research, 6(20), pp. 4769-4774.

Foga, S., et al.,(2017). Cloud detection algorithm comparison and validation for operational Landsat data
products. Remote sensing of environment, 194, 379-390.

Gong, P., et al.,(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.

Ge, G, et al.,(2020). Land use/cover classification in an arid desert-oasis mosaic landscape of China using
remote sensed imagery: Performance assessment of four machine learning algorithms. Global Ecology and
Conservation, 22, pp. e00971.

Huang, Y., et al.,(2018). Agricultural remote sensing big data: Management and applications. Journal of
Integrative Agriculture, 17(9), pp. 1915-1931.

Heide, S.C. (2002). Comparison of methods to detect conifer encroachment into aspen stands using Landsat 7
ETM+ satellite imagery, University of Idaho.

Jaafari, A. (2023). Mapping high poplar growth areas for bioenergy cultivation: A swarm-optimized approach.
Renewable and Sustainable Energy Reviews, 187(9), pp. 11374-0.

Joshi, R., et al.,(2016). Transcription factors and plants response to drought stress: current understanding and
future directions. Frontiers in Plant Science, 7, pp. 1029-1038.

Jin, X, et al.,(2018). A review of data assimilation of remote sensing and crop models. European Journal of
Agronomy, 92, pp. 141-152.

Jia, M., et al.,(2021). Rapid, robust, and automated mapping of tidal flats in China using time series Sentinel-2
images and Google Earth Engine. Remote Sensing of Environment, 255, pp. 112285.

Kavzoglu, T., I. Colkesen, A. Atesoglu, H. Tonbul, E. Yilmaz, S. Ozlusoylu & M. Yusuf Ozturk (2024)
Construction and implementation of a poplar spectral library based on phenological stages for land cover
classification using high-resolution satellite images. International Journal of Remote Sensing, 45(6), 2049-
2072,

Keshtkar, H., W. Voigt, and E. Alizadeh,(2017). Land-cover classification and analysis of change using
machine-learning classifiers and multi-temporal remote sensing imagery. Arabian Journal of Geosciences,
10(6), pp. 1-15.

Luo, C,, et al.,(2021). Using time series Sentinel-1 images for object-oriented crop classification in Google earth
engine. Remote Sensing, 13(4), p. 561.

Mazzia, V., A. Khalig, and M. Chiaberge,(2019). Improvement in land cover and crop classification based on
temporal features learning from Sentinel-2 data using recurrent-convolutional neural network (R-CNN).
Applied Sciences, 10(1): p. 238.

Machala, M. and L. Zejdov4,(2014). Forest mapping through object-based image analysis of multispectral and
LiDAR aerial data. European Journal of Remote Sensing, 47(1), pp. 117-131.

Matinfar, H., et al.,(2021). Evaluation of Machine Learning Methods in Digital Mapping of Soil Organic Carbon
(part of Khorramabad Plain). JWSS-Isfahan University of Technology, 24(4), pp. 327-342.

Miraki, M., Sohrabi, H., Fatehi, P., and et al. (2024). Coupling UAV and satellite data for tree species
identification to map the distribution of Caspian poplar. Landsc Ecol, 39, pp. 30-36.

Orynbaikyzy, A., U. Gessner, and C. Conrad, (2019). Crop type classification using a combination of optical and
radar remote sensing data: A review. International journal of remote sensing, 40(17), pp. 6553-6595.

Ozturk, M. Y., & Colkesen, I. (2020). Mapping of poplar tree growing fields with machine learning algorithms
using multi-temporal Sentinel-2A imagery. In 41th Asian Conference on Remote Sensing (ACRS) (pp. 1-4).
Deging, China.

Petropoulos, G.P., K. Arvanitis, and N. Sigrimis,(2012). Hyperion hyperspectral imagery analysis combined with
machine learning classifiers for land use/cover mapping. Expert systems with Applications, 39(3), pp. 3800-
38009.

Tonbul, H., I. Colkesen, and T. Kavzoglu,(2020). Classification of poplar trees with object-based ensemble
learning algorithms using Sentinel-2A imagery. Journal of Geodetic Science, 10(1), pp. 14-22.

Vuolo, F., et al.,(2018). How much does multi-temporal Sentinel-2 data improve crop type classification?
International journal of applied earth observation and geoinformation, 72, pp. 122-130.

Xu, Y., et al.,(2019). Advanced multi-sensor optical remote sensing for urban land use and land cover
classification: Outcome of the 2018 IEEE GRSS data fusion contest. IEEE Journal of Selected Topics in
Applied Earth Observations and Remote Sensing, 12(6), pp. 1709-1724.

Zurgani, H.A., et al.,(2020). Evaluating the integrity of forested riparian buffers over a large area using LIiDAR
data and Google Earth Engine. Scientific Reports, 10(1), pp. 1-16.



(VY b)) OF0 L (Jsl ojleds piin Lo/ dolo >le oLélas ollas Ohler 5 sy Y

References:

Ahmadloo, F., Rezaei, A., Farahpour, M., Calagari, M., & Mehrabi, A. (2021). Investigating the area and
production of poplar plantations in Sowmeeh Sara city using field data and GIS. Ecology of Iranian Forest,
9(18), 159-168. [In Persian]

Alimohammadi, A., & Asadi, F. (2019). Evaluation of the growth performance of native poplar trees from
Kermanshah and Zanjan provinces at the Alborz research station. Ecology of Iranian Forests, 7(14), 80-89. [In
Persian]

Alizadeh Anaraki, K., Lashkarara, F., & Kiadaliri, H. (2012). Socio-economic factors affecting poplar
cultivation development in Gilan province (Sowmehsara county). Iranian Journal of Forest and Poplar
Research, 20(2), 346-356. [In Persian]

Breiman, L. (2001). Random forests. Machine Learning, 45(1), 5-32.

Burkov, A. (2020). Machine learning engineering (Vol. 1). True Positive Incorporated.

Corona, P., Fattorini, L., Franceschi, S., Mastronardi, A., & Chirici, G. (2020). Probabilistic sampling and
estimation for large-scale assessment of poplar plantations in Northern Italy. European Journal of Forest
Research, 139(6), 981-988.

Colkesen, 1., Lango, R., Khomutov, P., & G P. (2022). Poplar Tree Index (PTI): A New Vegetation Index for
Monitoring Poplar Cultivated Areas. In IGARSS 2022—2022 IEEE International Geoscience and Remote
Sensing Symposium (pp. 1234-1237). IEEE.

Chong, L., et al.,(2021). Monthly composites from Sentinel-1 and Sentinel-2 images for regional major crop
mapping with Google Earth Engine. Journal of Integrative Agriculture, 20(7), pp, 1944-1957.

D’Amico, G., et al.,(2021). A deep learning approach for automatic mapping of poplar plantations using
Sentinel-2 imagery. GlScience & Remote Sensing, 58(8), pp. 1352-1368.

Dobrini¢, D., D. Medak, and M. Gagparovi¢,(2020). Integration of multitemporal Sentinel-1 and Sentinel-2
imagery for land-cover classification using machine learning methods. The International Archives of
Photogrammetry, Remote Sensing and Spatial Information Sciences, 43, pp. 91-98.

Erfani-fard, S. Y., & Lotfi-nasirabadi, M. (2023). Zonation of mangrove forest extent in Iran using Sentinel-2
imagery. Iranian Journal of Forest and Poplar Research, 2(31), 98-112. [In Persian]

Eslami, A.R,Sobhen Zahedi,Sh.,(2011). Providing poplar plantation map by Indian remote sensing (IRS) satellite
imagery in Northern Iran. African Journal of Agricultural Research, 6(20), pp. 4769-4774.

Foga, S., et al.,(2017). Cloud detection algorithm comparison and validation for operational Landsat data
products. Remote sensing of environment, 194, 379-390.

Ge, G., et al.,(2020). Land use/cover classification in an arid desert-oasis mosaic landscape of China using
remote sensed imagery: Performance assessment of four machine learning algorithms. Global Ecology and
Conservation, 22, pp. e00971.

Gong, P., et al.,(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.

Goudarzi, G., Ahmadloo, F., & Tabari, M. (2011). Investigation of growth, survival, and uniformity of different
poplar clones in the selection nursery in Markazi province. Iranian Journal of Forest and Poplar Research,
19(4), 572-585. [In Persian]Hosienzadeh, O., Hajarian, M., & Parbar, S. (2016). Analysis of the aggregation
coefficient of the poplar wood processing chain in Iran. Iranian Journal of Wood and Paper Industries, 7(1),
141-154. [In Persian]

Huang, Y., et al.,(2018). Agricultural remote sensing big data: Management and applications. Journal of
Integrative Agriculture, 17(9), pp. 1915-1931.

Heide, S.C. (2002). Comparison of methods to detect conifer encroachment into aspen stands using Landsat 7
ETM+ satellite imagery, University of Idaho.

Jaafari, A. (2023). Mapping high poplar growth areas for bioenergy cultivation: A swarm-optimized approach.
Renewable and Sustainable Energy Reviews, 187(9), pp. 11374-0.

Joshi, R., et al.,(2016). Transcription factors and plants response to drought stress: current understanding and
future directions. Frontiers in Plant Science, 7, pp. 1029-1038.

Jin, X, et al.,(2018). A review of data assimilation of remote sensing and crop models. European Journal of
Agronomy, 92, pp. 141-152.

Jia, M., et al.,(2021). Rapid, robust, and automated mapping of tidal flats in China using time series Sentinel-2
images and Google Earth Engine. Remote Sensing of Environment, 255, pp. 112285.

Kavzoglu, T., I. Colkesen, A. Atesoglu, H. Tonbul, E. Yilmaz, S. Ozlusoylu & M. Yusuf Ozturk (2024)
Construction and implementation of a poplar spectral library based on phenological stages for land cover
classification using high-resolution satellite images. International Journal of Remote Sensing, 45(6), 2049-
2072.

Keshtkar, H., W. Voigt, and E. Alizadeh,(2017). Land-cover classification and analysis of change using
machine-learning classifiers and multi-temporal remote sensing imagery. Arabian Journal of Geosciences,
10(6), pp. 1-15.



vy L OF ol) VF0 e ) ojled i Jlo/ ol (g oldlhas olallle ipio S5 slb a e gliad - S lulis

Luo, C,, et al.,(2021). Using time series Sentinel-1 images for object-oriented crop classification in Google earth
engine. Remote Sensing, 13(4), p. 561.

Mazzia, V., A. Khalig, and M. Chiaberge,(2019). Improvement in land cover and crop classification based on
temporal features learning from Sentinel-2 data using recurrent-convolutional neural network (R-CNN).
Applied Sciences, 10(1): p. 238.

Machala, M. and L. Zejdov4,(2014). Forest mapping through object-based image analysis of multispectral and
LiDAR aerial data. European Journal of Remote Sensing, 47(1), pp. 117-131.

Matinfar, H., et al.,(2021). Evaluation of Machine Learning Methods in Digital Mapping of Soil Organic Carbon
(part of Khorramabad Plain). JWSS-Isfahan University of Technology, 24(4), pp. 327-342.

Miraki, M., Sohrabi, H., Fatehi, P., and et al. (2024). Coupling UAV and satellite data for tree species
identification to map the distribution of Caspian poplar. Landsc Ecol, 39, pp. 30-36.

Orynbaikyzy, A., U. Gessner, and C. Conrad, (2019). Crop type classification using a combination of optical and
radar remote sensing data: A review. International journal of remote sensing, 40(17), pp. 6553-6595.

Ozturk, M. Y., & Colkesen, 1. (2020). Mapping of poplar tree growing fields with machine learning algorithms
using multi-temporal Sentinel-2A imagery. In 41th Asian Conference on Remote Sensing (ACRS) (pp. 1-4).
Deging, China.

Petropoulos, G.P., K. Arvanitis, and N. Sigrimis,(2012). Hyperion hyperspectral imagery analysis combined with
machine learning classifiers for land use/cover mapping. Expert systems with Applications, 39(3), pp. 3800-
38009.

Tonbul, H., I. Colkesen, and T. Kavzoglu,(2020). Classification of poplar trees with object-based ensemble
learning algorithms using Sentinel-2A imagery. Journal of Geodetic Science, 10(1), pp. 14-22.

Vuolo, F., et al.,(2018). How much does multi-temporal Sentinel-2 data improve crop type classification?
International journal of applied earth observation and geoinformation, 72, pp. 122-130.

Xu, Y., et al.,(2019). Advanced multi-sensor optical remote sensing for urban land use and land cover
classification: Outcome of the 2018 IEEE GRSS data fusion contest. IEEE Journal of Selected Topics in
Applied Earth Observations and Remote Sensing, 12(6), pp. 1709-1724.

Zurgani, H.A., et al.,(2020). Evaluating the integrity of forested riparian buffers over a large area using LIiDAR
data and Google Earth Engine. Scientific Reports, 10(1), pp. 1-16.

:lio ol 4 olciwl og2
S gods,e glad- Jle Lot (VF10) cowm (5 Lz (69505 g Lo joes (695,00 (S taiams odumw o JB ol calle tpl ol (a2 0

SV-XY (O ol oolyi oy Lslin Slelllas (s arngor s s e o Sliwds o55,50 asllas) by, >si )5 pigio
DOI: 10.22124/GSCAJ.2026.26159.1276

Copyrights:

Copyright for this article are retained by the author(s), with publication rights granted to

Geographical studies of Coastal Areas Journal. This is an open-access article distribted under the
terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0), =
which permits unrestricted use, distribution, and reproduction in any medium, provided the original

work is properly cited.



https://doi.org/10.22124/GSCAJ.2026.26159.1276
http://creativecommons.org/licenses/by/4.0

	1276_Extended Abstract.pdf
	1276_NEW REF.pdf

