Application of Google Earth Engine Platform and Random Forest
Algorithm in Investigating the Trend of Land Use Changes
(Case Study: Part of the Abyek Region, Qazvin Province)

ABSTRACT

Transformations induced by land use and cover change, particularly in arid and semi-arid ecosystems, are among the most
fundamental concerns in sustainable development and ecological conservation. Such alterations have direct implications for the
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1.Machine Learning

2.Random Forest (RF)

3.Support Vector Machine (SVM)

4.Classification and Regression Tree (CART)

5.K-Means

6.Cobweb

7.Simple Non-Iterative Clustering (SNIC)

8.Joint Research Centre (JRC) of the European Commission
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1. Normalized Difference Vegetation Index
2.Soil Adjusted Vegetation Index

3.Enhanced Vegetation Index

4 Modified Normalized Difference Water Index



loodls Jelos g 4355 slp 1y 2Vl D) )08l () el emouas (1553 5l (lasgorme p (e g S el (29,
(Tsai et al., 2019) cusl 031> L s ysS plio &y Cond (g by €8> Jgaro job & g dtily wlie )5 5 0oy

SR Sl 355 (pl degeome g Al oo drwgi (Slpe ©ygods prenal S8 (6lon Bl ¢ Bolar S w)oSl 53
D800 aeual CA 0 S Ay G (6 idleis] B g 53480 Slosenal gy opl &5 39 o0 el Jldlo pl a0 Sl |,
Obe 1095 el Shg ol p il ganddb oady b JuSly a8 sl Oygo cpl 4 i ys3] cpl 5)Sles 50180 0yles S
2 (59390 L;Lmu»)ftf iy a4y ds g5 L) Laau»MS S w J..,Sw d,l:u ‘Ju.,l)a ol e e 0l )9,:. cpwoncs B3 N olasws
03,8 CBL ) aoual ()‘b)b i Lgl) Oy &S A3 o olais] @JM{Q ly a5 050 JuuSy Solsy

Wy (ol b (S aiged) Sy yiasligs (63590 g, 5l oolil b g 153
Olod (S liel gl 0xilosdly pow 5 g i3 ya (igel gl Lol (glaodls ac 3l o 93 <39
sl wosls el 9 45,05 <80 €83 o g0l 1,3 50 aodls Sl oSy i o
(Bas*la etal.,

o M4 w8l (Sg)3 (eilel
> w55 Sblse cp e 3 (SG

P slodhy sladcgomme b agalge 1o w56l
il 5l 5 00,5 eolatwl Lol (6,0,l8 sl WS

ol bl cal G5l i oy g oags l 50 o] (6
sloodlsy Jibsign o6 sly Jlol sl o) onl 5l g o
b glp cap Ver b Bolad S wi)sll ) s @@l
Losls s 485 0500 Jio (slos39)9 Sl a1 y55 e slapasli
d S8 pgeil ¥ g Gigel LV s b s

3199 oW

2 el 63955 e B ye o Vogan NGl Pl (gla)) jglaio 4y Sy 2 o (st slaa] 5
53,5 o pleol 355 ARl TS T, 5 SOl Sy s s S )l LtaljBl 5 259 il Chin |y 15 )
(Gum et al 55 )5 o3l 3,90 VXY _Solusas yo e 31 o0liel L Majority yikis oyglaie s

Sab Cé

0905] Sladiges (oL IS 355 0 guime (saidib Julp 0 bl ol (S ol ) lati o el
sl ygiw i )y gmye (3o &S o yilo (pl Dl o &ye0 (Confusion Matrix) Was s 5lo 5,k 5l Jaiue
S 8> Al iy b)) sanie slo el gl sl el 5 canl adllas 3p50 68 (sla WS slaws b jblie 8> ]
(kappa coefficient) LS o 55 9 (User's Accuracy) y,I8" cds {Producer's Accuracy) saiiS sJgi ¢ (Overall Accuracy)
2 Casbly )3 Jo i oS lgie a adds oS Col (bla slaai P (1)) s w5l j> [(Congalton, 1991) 55lu o p2lyd 1,
(o0 (gaidids pusuo bli odias i) lasd Ly plo Lol jlad jolic gaamme puds | adids (OA) IS iy oyl )3 j (WS

20,5 oo Aol i dlaly ozen (P) bl JS sl p

1.Bootstrapping
2.0verfitting



i=1 P () da,
P
B &S (gldigS A (gl o Ciyyal Iiome Cygo d WS (gl (UA) p)5 Cés o (PA) saSulyr cdd (pizmad
Jl‘\»l)))l.fuso 4JJLD.O 9D AR uLtMJ ‘)4.&&3).) 4199.3).0 w%)) OR) d,)f&m&dwwaMI cOAJJSAgJ}K

0A =

Piv g pl ] gt 3las5 ggamee Paj o5 Loy 3 dmsipo ot |y dogye (oMl )3 4 (59, 2 dbab Sy (gl promo
ool pl T (g ggorne

pa =
P+

va="2u
Pi+

0OA—-B ¥ alal
K — (¥ dlal,
appa 1-B
g3 el

Sloylsale yalai | odlazwl b (VF+¥ 5 IWWAF AYVY AYFY cla JLu)
ddids opl 00,5 s ool @yl 568 wlolu o Wdolas s

o Yo Sl o3l b Sl dilaie o)) (6,8 i
xSl o 5 S el it 5] syt sl
g oo odalie ¥ IS j3 aS 039y (NS A Lol

B e e I

B ol T e i
B Aouss 5 e
0 s 5 s

Saise sla b w axllae 3590 ddlate (o))l 60,8 claaias I JS



@ yoie 45 Gl oM b 3w o5y (sla ol 13 059 ¢ )] ()8 canaib auTy )3 bl cla il 5 S

sl o gandal » Bolay s gy YU cdd jl Sk Gimeh opl gl (Jb opl b3S o gabaid céy ials
ol asly e Yo Sle SSE @08 45 gy Cawdd polad b wed (65,9US 5l &lpe (sl oS SS& 05 sl il dles
GHSL S b Lo jl eolawl cde 4y (imghy cpl 50 00,5 Byloy EVI g SAVI dlas 1SS (gl puxiio dlowg 4 dliiuno
3 b o ol pards Gl st Slapingly OUSe 5 WL SIS (98 4 S b I ixio 5 (SSuns b
01l ¥ Jgiz 53 (ool )8 Sla oM 1 S colus i odnlitio job LS 5 )95 &l 5 b (S]] dlen Sl Lo NS

)

adlllas 390 slaJlo > dibate )3 o]yl las S oy 5 Colun Y Jgas
VFe¥ yyay VYAY YYYF )

(ha)Caluwe | aoyd | (ha)Coluwe | doyd | (ha)Calue | aoy | (ha)Celuw (ha)Co e ) G5 oW
FIV-/aq Y/\o AT 2IAYN /% YYE/oY /-5 VAYY/AY MY/sv V| e S gSwe
LALTYAR YIvY YOAV/AY \IAY2 - /A 3% \dArg W \TAM - IAY 20 (G5s9kiS
YAYNSIAR | YAAY | YAMAYE | ae/YA | Yy Aas Teara/y- OYPA | o g5a9lisS
AARATAE ¥/\o \WYEY/EY /-5 YVeY/eN AARZAR < [oA okl
ofvY/08 i A-ASIYS VE/oY | avyy/.s VWEASY | Y-/YA &l
FY-VI¥E VI Ya0./av AN AARRVAZA V- OF/VE VAY | e i &0
AYSY/ -\ VE/D) AF¥A/¥5 \¥/558 avva/ - \#[A8 Jg &ilge
FYAIYY V/-4 VAYY/-Y Y/ YOYV/oY FIEY oYU

VOIXY b GYB 5 3o DVF/FY j0d &lpe ¢ dopd OY/OR &lpe ¢ duopd AFA L

FOMPER I TER NS

E] wr

(Lt d
1<] V

il III' | Il“ .
y d ¥ o

> v v . 2
7 Vs
{ u
?

] AY wrar v

(2o 2)alles o 0393 13 o) e ylS (slo M8 corluas @i F JSUS




Dy g gmime 19 5l hoxis slmodls Sl eslital b pol)] (58 4l Mg aLT 8 13 (6)9p0 sl I (So s b))

Zoylie] (sosls dsgore g Uad u yilo Jl (65000 b L iy g )5 €85 woaiSadys <8 (IS B iaggy cal
3 sxSone b Bolas S Jao a8l oS3l (VF Jgia) il 8 b @l (285 )8 oy 3y90 5 Jito
A S e S oS SSE 3 S35 Slos (BT sa55 slo it 5 (A by Sla bl s o (slo i
BAA o b Copd 9 000 WD B AN o awyp dy90 sl Sl plod jo (saiadls IS iy .l aily aslllas 590 03950 1
3255 e Jgd B S8 Jlto oy e oo by 5 (satilo ol 0 Vb 3155 04503015 5 333 10 4F

alols gl YU €8 Lo wilaio She cuond > Clel I T cely; ol KSE g adlato Cansywl j &lye
Iy 0,Sdas (e edo)d AF/A g o3 ANF suiSulgi slacdd 1Sike b i gy OYU o (minom LD R
Ot A5 b b lis s 4 00 (65,0liS 9 clel (wilhe (sl WwMS ¢ blae j> 0l ‘Lmo plod y
Dldgy £65 9 NDVI dlox I LS slojasls Jloj clyos | iU Wilgs g0 & Ol 35S 4 o5 Woggolie )5 1) g
B g auih )8 Cgllas o3gazwe jd b Jw plod o LS o s o W cdd polio s )9e ddkaie > alS

e glagls 3 WS 2
Yfef yyray VYA

cds cdd cdd cdd cdd cdd cdy cds Jw
2| ey | 5 | saiSady | )5 | sSWy SRSy | @y | eaiSady S8 oW
-/a5 ) -/ ) <13A -/as -Jay -/as ) SFowo— 5 g wano
IS Ay Ay . -y <[a¥ AN 2 Sis9WeS
-/ay I /Ay -/ AN -/as A\ & Sa9liS
AN I\ A < /AA N AN <A AN okl
-/ay /A -/ay - IA e -IA -IA -IA &0
AT 1A -/a¥ ay <IN AN <A -y gm0 S &lp0
-[a¥ /a /) /¥ -5 -IAY -IA¥ -a¥ Ay 290 &y
-/ /a¥ ay () ) AN A\ AN ) -/as oYU

-[ay /20 S -[a¥ S eds

-/ g A -y -IAA -1y L oo

-

2l Sl SSE ) 2V 2Uly (s39)9 slaysie US> (Solar S wn)oSl &5 ol (Lt gy ool claaly
sl o Kol ol ol g &by 318 2 yd M STLE i 9 000)0 AY o Sl 590 Sloj (sl g plad ) JS e85 )l
@l b sl ool .l jl0)08 0 oLl )8 sleadds ans sl piY el sl adllas cpl )3 ondad S 54 5,505, o5
.(Huang et al., 2021; Madasa et al., 2021; Aminzadeh et al., 2024) ol 005 (555 guad dino opl )3 Cpoiin slojido}



SS9 bl Jold JoSo (sl it 5l slas goome cuwssd] pglas (el sl 2 ogMe (sunaib Jao (b 5
S 53 (oS slayiite ol yi o col 51 (S (oriecdd @ls () €8, )8 odlail 3590 5 ik sl a3l
(Atkinson et <l 43,8 1,5 10k 390 55 lalllan plo 3 48 (glaliuws Sl 005 IS > (6li5) &) i ccsloylgnle gl
Gble &Y j Sone Vb B 4 obies e Jeles ;55 5l al, 2012; Phan et al., 2020; Nasiri et al., 2022)
52les il ISt oS gyl )3 oS slayasls 5 i sl b Y ol S 55 g (GHSL) lgs célolud]
sl 03905 JotouS (5 %0yt ) (Sl (2l (idgr b (2l 0fgr das )8 plu Sl (gtaiom (SgSune NS

GBd oy dnngs 3l bl bdes 45 035y it gSamo (3ol (52 B 31 L byt (ol puais
55 yo) dilaie cpl Cman 035 Gen o) elss riman Casl 039y Sl s e

RS g S ) paw dawg 4 ]) of5)5liS” dac
aS asl jgalS o yd A dgas ol (6jyslisS
5 o o 35008 > 4 7B
e Jbe gl !i“ Sl

g 0dljheze) Wlodds Lo

Cabd Cpl sl and 9 23l i pgj8 cudd jd (gladllas (o (VFF) 2l g pade S 8k I (Liuetal., 2019) cuwl
ol &S M (105 5 5935) (5598 Gl g (Sl 0 5o o 4 S35 wgia job &) (wojpj ol o 5alS L
Madani, 20 olénat ) la yiagh puli b baaidly pl.cuwl 4l (g yday A (54 9 (5)5liS Bl jd 0jeds Y g0

b callas (Ve e o)) Ko

S ol s 4 oS Bias 45 i () ol dilaie @lye paw (ghoyd B0 ) i (20l g3 LB Y 5555 LS00
2 (WA0) ohlSen 5 (oolpe adlllas 3y Slsseon i ol Suid doy 5 Kid sblio )5 b imgh plo sl b ccal

08 Jotsi w3 (o2l 4 e 5l (ki BB o callis V0 0,53 S5 3 a5 ol (L5 (oS bl )3 adgil gl (sl o



Slasly 1) Cute Sl o pdar w2 (55)9L8S ()] &S 03,8 )15 3955 adgx 3 (ITAR) (e 5 (S (oo ol
o ol o o simd o s inlS g, 55 59 iy 0392 s (98 o ] cunsd 0 18T L)) ol (0 L)
iy o o Sl losd dalge ol ¥ By b o o @lhe Jllio 53 sl )5 sl @l oIS 4y (5 Jla
a5 ol onst sl 018 IS (] S Jlatize g S (08 5508 & joste Vb b (glod 51 8L e al3dl
O 3595 (il sl 438l LialS 1> VO dilate GV b ¢l 2 ogdle sl libler 5 o]y sl by tmlS
ol Jole nipre S| JuSits 9 (Sl ol iSes lagsl il Vb Ol wlio Sl ayg) 0 ey 51,0 GV &
o)l Slan (ng38 b Jlio)sh g adlo CYB )3 (V) Gl canld g abels (608 (slaatly b o)) it 55

PRATNI )L& 35 -\993 5 b uib.b)ﬁ 4 ;L.w. 9 28 Cuplus o ¢ I )5 ezl (o)
a5 Lol Jolge 511, Sblgy LinlS gt wlisl 315 G ,M‘.w Sis o Nl S s (LS Libe LialS
lossly 9 VB ials b sl &lhe Gl 2590 @ 55 : :
s g bl 1y Jukits s (piSa; whisl wl il Ndes 1) AP sl 008 s (i o] dasoxacionn

S 5 4%

Db o0 Cgune pdS )3 (55)9liS OV guaze Mg SESIRLI BbLe | (o (pgiE cudd | (i plgis 4 adlllas )90 adlate
‘ LS 3l g Cowdd (slolgnle ol Sl (s pSope b Gigg ol )
@)l J55 ailols ;| aghingl 20,5 BRQLS: JLo o352 g0 4 (V¥ B WWPY) dllo oz (loj ojl 5 (oolil (650) e
slasigy oS 5 L s el 8l Vb gl €85 4y alitod (eud Bolal S o22)550l 5 oy
5N U925 Sk o Vling 23 @95 (sladis) (izmed 5 3 (5)5LiS 5 CLEL ¢ ixio SgSuns il ol NS 0 (3920
o il Caner ab) )1 SofelsST oll g (et sladely o Cunl (2Ll 6150 00
g oo Cgmite ClydS nl 63)ml) Jelgs Sl (b @lie
o‘)bmﬂeg‘x ) (DIl ey (55lo9m 9 w25 S 2 o (S22l 38]) (oLl (gLl3o isoolisS )3 a2 ST 55U
b1y adeie «oljobly (850d g YU s SiS wosfye oS o 55 s 4 Sdenidy )3 Lol il adly oljon 4
=y SB e ile i LS5 Sl 4 g L colo walg dalge JaomeCanj g slo] qoaladdl pille b il
2l oy N Jials 4 calie b aiiun ilnios Mos g (b oy LSK (l 5 5500 ploj Jlo bido

S A9y Syl posee s

o) Gl 4 i B0yl g (Spaalin b (ixio =SS Gblie daugi Sl (5955 (Jlo ¥e (b )3 o (g)5lis
colia Sl Wy ol b ol & mio— SgSame blio & (68 poi 500 S)le 4 ©3,55 (65,5l YL bl L
b i) Glal b ol Slojen 5 o Colus (hoyd YO a5 4 avgi b oYU Jaecun; alis ol o piomod Lgd



P S Wb b g e 90,5 Sl ol S8 lp wlSitg o8l Gl 4 ey o e €l g gpslisS
B3k g aips (610 00 (sbiwly po 1) ddlais drwgd puuno Slg o Ololul pl gl sl (gladlaie (g355a00 5 > Clian] LB e
23,5 03] )3 b dnwgs 3850 jledise) g 03> Ggw ol 9 S @l b

&bo

2 OlS e slagl a4 oylidls slape; b oolasdl byl (VEee) Ll ol (wells

= 9092 (VT )) b gy
M-V

O sipalis ) O cupe . olpl )3 paiS Ol ()90, 9 4 9“"3)“& 4ol y 4

5,59y 3l o3l b S5 09,5 5 (sla S 098 (i 9 ) Ome ((Ble g g8 cbie ol ( Sles
AV Y ol ST g O cliios . R codd Sutddes g Sulid o)yl 5 didu )3 Gres (0500

(Slp2) 9 adye i Jol ol o i (bl
Y85 ol Sloj ojl )3 590 5l iowuw jl odlitwl b ylg pumw

Ol hed S Sz 5 (ye o)l 2 (S0 drwgs BT o)y (VTR
AV =V VYY) Ve o ol pgy sl idgy (sold wa

6L§ LS"U Ju.?bo ‘P9J.>(A ‘LD)AMC ‘Jl) ‘_é.iu))J ‘UMD ‘L;QJJV\D sfl).e(» 50.)‘}.)@700
Slaios arog)l dal)d ol A yf 3 GLuEl o8 I 2L 4 ol

3 6l e ool Jagg (yrar).

YA-VVOE g o]
.

il edlatnl b 500 4 (Sye

iS5 dnwg g

A=Ye ;( CJL.A 2 GJL..Q‘)&} SleMb! Glolus 9 )9.) )l W 'LS"L*Q‘)‘} SleMb (orksianns 9 dlo)]}mlA );9La.:

i QT slsely g oy 53 ) (Sao)y ol Eood AT g ol ow cadl Jdow g6 (VF+F) . dome S g Laws paido
FAV=YER (YN, ) (iSaj g (bl @i .ol glie (Sl jeSs

References

Aldiansyah, S., & Saputra, R. A. (2023). Comparison of machine learning algorithms for land use and land cover
analysis using Google Earth engine (Case study: Wanggu watershed). International Journal of Remote Sensing
and Earth Sciences (IJReSES), 19(2), 197-210.

Amani, M., Ghorbanian, A., Ahmadi, S. A., Kakooei, M., Moghimi, A., Mirmazloumi, S. M., Moghaddam, S. H. A.,
Mahdavi, S., Ghahremanloo, M., Parsian, S., et al. (2020). Google Earth Engine cloud computing platform for
remote sensing big data applications: A comprehensive review. IEEE Journal of Selected Topics in Applied Earth
Observations and Remote Sensing, 13, 5326-5350.



Amani, M., Salehi, B., Mahdavi, S., & Brisco, B. (2018). Spectral analysis of wetlands using multi-source optical
satellite imagery. ISPRS Journal of Photogrammetry and Remote Sensing, 144, 19-36.

Aminzadeh, Z., Esmail Ouri, A., Mostafazadeh, R., & Nasiri Khiavi, A. (2024). Assessing the performance of machine
learning algorithms for analyzing land use change in the Hyrcanian forests of Iran. Environmental Science and
Pollution Research, 31, 66056—66066

arekhi, S. , Ata, B. and shakooei, E. (2022). Evaluation of Vegetation/Land Use Change Techniques Using Satellite
Images and GIS (Case Study: Gorganrood Basin). Physical Social Planning, 9(2), 41-60. doi:
10.30473/psp.2022.60210.2506. (In Persian).

Atef, 1., Ahmed, W., & Abdel-Maguid, R. H. (2023). Modelling of land use land cover changes using ma;
and GIS techniques: A case study in El-Fayoum Governorate, Egypt. Environmental Monitoring a essment,
195, 637

Atesoglu, A., Ozel, H. B., Varol, T., Cetin, M., Baysal, B. U., & Bulut, F. S. (2025). Monito
conversions in Tiirkiye wetlands using Collect Earth. Journal of the Indian Society of
1994.

e?for smoothing
nment, 123, 400—

Atkinson, P. M., Jeganathan, C., Dash, J., & Atzberger, C. (2012). Inter-co ison of four
satellite sensor time-series data to estimate vegetation phenology. Remote ing of En
417.

on of converting rice paddies into

Babazekri, F., Nooripour, M. and Karami Kalous, A. (2022 ‘conomi eva
t conomics Research, 13(1), 25-44. (In

citrus orchards in the northern Rudpey section of Sag Cou! cult
Persian).

Basukala, A. K., Oldenburg, C., Schellberg, J., Sultanov vyk, O. (2017). Towards improved land use

different image classification algorithms and

Brown, C. F., Brumby, S. P., Guzder-Willi
Pasquarella, V. J., Haertel, R., Ilyushchen
use land cover mapping. Scientific Data, 9,

B., Birch, Hyde, S. B., Mazzariello, J., Czerwinski, W.,
Dynamic World, near real-time global 10 m land

Celleri, C., Zapperi, G., G(ﬁélez Trilla,
derived from Landsat 8*Opegational Lan 0 monitor above ground biomass and salinity in semiarid saline
environments ‘t‘Bahia ca Estuar gentina. International Journal of Remote Sensing, 40(12), 4817-
4838.

,J., Chen, J., & Sun, S. (2021). Long time-series mapping and change detection of
on Google Earth Engine and multi-source data fusion. Remote Sensing, 14(1), 1.

Congalton, R. G. (19 A review of assessing the accuracy of classifications of remotely sensed data. Remote
i i ent, 37(1), 35-46.

Shtical sensors with land change modeler method (Study area: west of Tehran). Journal of Radar and
Optical Remote Sensing and GIS, 8(3), 7-26. https://doi.org/10.71593/jrors.2025.1196762

Eskandari damaneh,H and Ghasemi Aryan,Y . (2025). Investigating the trend and explaining the key drivers of
desertification and land degradation in Salehiyeh wetland and Qazvin salt plain. Integrated Watershed
Management, 4(4), 81-93. doi: 10.22034/iwm.2024.2026209.1146. (In Persian).

ghobadeyan, Z. , Alikhah Asl, M. and Rezvani, M. (2020). Investigating the Effects of Urban Development on
Rangelands and Forests of Sirvan City Using Remote Sensing 1987-2016. Journal of Urban Ecology
Researches, 11(21), 107-120. doi: 10.30473/grup.2020.7475. (In Persian).


https://doi.org/10.1038/s41597-022-01307-5

Ghorbanian, A., Kakooei, M., Amani, M., Mahdavi, S., Mohammadzadeh, A., & Hasanlou, M. (2020). Improved land
cover map of Iran using Sentinel imagery within Google Earth Engine and a novel automatic workflow for land
cover classification using migrated training samples. ISPRS Journal of Photogrammetry and Remote Sensing,
167, 276288 .https://doi.org/10.1016/].isprsjprs.2020.07.013

Gorelick, N., Hancher, M., Dixon, M., Ilyushchenko, S., Thau, D., & Moore, R. (2017). Google Earth Engine:
Planetary-scale geospatial analysis for everyone. Remote Sensing of Environment, 202, 18-27.

Gumma, M. K., Thenkabail, P. S., Teluguntla, P. G., Oliphant, A., Xiong, J., Giri, C., ... & Whitbread, A. M. (2020).
Agricultural cropland extent and areas of South Asia derived using Landsat satellite 30-m time-series big-data
using random forest machine learning algorithms on the Google Earth Engine cloud. GIScience & Remote
Sensing, 57(3), 302-322.

Gurung, R. B., Breidt, F. J., Dutin, A., & Ogle, S. M. (2009). Predicting Enhanced Vegetation Index (E ves for
ecosystem  modeling  applications. = Remote  Sensing of  Environment, 113(10), 186—
2193 .https://doi.org/10.1016/j.rse.2009.05.015

Heydari,N . (2022). Review and analysis of policies and plans of enhanci
in Iran. Water Management in Agriculture, 9(1), 73-88. (In Persian).

wheat productio afgk pfoductivity

Holtgrave, A. K., Réder, N., Ackermann, A., Erasmi, S., & Kleinschmit, B. (202 omparing tinel-1 and -2 data
and indices for agricultural land use monitoring ensing, 12(18),
2919.https://doi.org/10.3390/rs12182919

Huang, S., Tang, L., Hupy, J. P., Wang, Y., & Sha
difference vegetation index (NDVI) in the era of
1-6. https://doi.org/10.1007/s11676-020-01155-1

ry review on the use of normalized
g. Journal of Forestry Research, 32(1),

Huete, A. R. (1988). A soil-adjusted vegetation index (SA e Sensing of Environment, 25(3), 295-3009.

Huete, A., Didan, K., Miura, T., Rodriguez, E. P., Gao, X., & Fe
biophysical performance of the MODIS v tion indices.

ira, L. G. (2002). Overview of the radiometric and
mote Sensing of Environment, 83 (1-2), 195-213.

Jabalbarezi, B. , Zehtabian, G. , Khosravi, H.§{ B
determine areas prone to wind erosion and
10.22059/jdesert.2023.97739

ori, S. Nosrati, K. (2023). Assessing land sensitivity to
uctibn using the ILSWE Model. Desert, 28(2),263-278. doi:

Kazemi Garajeh, M., Haji!.,

monitoring of irglike chan
Google Earth Engjije. Sog

\ , A., Ahmadi, R., & Kariminejad, N. (2024). Spatiotemporal
pacts o er resources using an integrated approach of remote sensing and
ports, 14, 5469.

0
Liu, C., thu, G., Zhou, H., Yan, H., & Xue, P. (2020). Land use/land cover changes and their driving factors
in the Northeastern Tibetan Plateau based on Geographical Detectors and Google Earth Engine: A case study in
Gannan Prefecture. Remote Sensing, 12(19), 3139.

Liu, Z. J., Ma, P. Y., Zhai, B. N., & Zhou, J. B. (2019). Soil moisture decline and residual nitrate accumulation after
converting cropland to apple orchard in a semiarid region: Evidence from the Loess Plateau. CATENA, 181,
104080.

Lotfi, P., & Ahmadi Nadoushan, M. (2024). Investigation of The Trend of Agricultural Land Use Changes in the
Zayandeh Rood Watershed Using Google Earth Engine Platform. Environment and Interdisciplinary
Development, 8(82), 35-48.


https://doi.org/10.1016/j.isprsjprs.2020.07.013
https://doi.org/10.1016/j.rse.2009.05.015
https://doi.org/10.3390/rs12182919
https://doi.org/10.1007/s11676-020-01155-1

Lukas, P., Melesse, A.M., & Kenea, T.T. (2023). Prediction of Future Land Use/Land Cover Changes Using a Coupled
CA-ANN Model in the Upper Omo—Gibe River Basin, Ethiopia. Remote Sensing, 15(4), 1148.

Madani, K. (2014). Water management in Iran: what is causing the looming crisis?. Journal of environmental studies
and sciences, 4, 315-328.

Madasa, A., Orimoloye, 1. R., & Ololade, O. O. (2021). Application of geospatial indices for mapping land cover/use
change detection in a mining area. Journal of  African  Earth  Sciences, 175,
104108.https://doi.org/10.1016/j.jafrearsci.2021.104108

Manikandababu, C. S., Alzaben, N., Maashi, M., & Geetha, M. (2025). Mapping Coastal Urbanization Impacts with
Object-Based Image Classification and Land use/Land Cover Change Detection: A Focus og, Sustainable
Development. Journal of South American Earth Sciences, 105559.

Moghaddam,N and Kholghi,M . (2025). Analysis of Groundwater Table Decline and Salinit
Qazvin Plain: Implications from a Water Resources Governance Perspective. Irani
Drainage, 19(3), 469-487. (In Persian).

Mohammady, S., & Delavar, M. R. (2016). Urban sprawl assessment a odeling using
GIS. Modeling Earth Systems and Environment, 2, 1-14.

#(2014). Analyzing the
chardist in the west of Urmia lake
t Research, 45(4), 775-785. doi:

impacts of changing agronomic land use to orchard from ¥ viewpgQint

Mohammadzade, S. , Sedighi, H. , Pezeshkir Rad, G. , Ma?eom, M. an
ics

basin. Iranian Journal of Agricultural Econ d

10.22059/ijaedr.2014.53850. (In Persian).

Mohiuddin, G., Mund, J.-P., & Rahaman, K. J. (2023). D
index derived from Landsat imagery in Google Earth E

an expansion using the indices-based built-up
" Forum, 1, 18-31.

& Jacob, F. (2023). Diversification from field to
arcity in climate change context. Current Opinion

Molénat, J., Barkaoui, K., Benyoussef, S., Mekki, 1., Zitouna,
landscape to adapt Mediterranean rainfed a, Iture to wate
in Environmental Sustainability, 65, 1013

rahimi, Mahdieh. “Assessment of land use changes into dry
mation system (GIS).” Journal of RS and GIS for Natural

Moradi, Alireza, Jafari, Mohammad, Arzagi, Hossein
land using satellite imgges and Geogr
Resources, vol. 7, no. 1, 201

using soil and environngen ariates in an arid and semi-arid region of Iran. Measurement, 201, 111706.
Naboureh, A., Ebrahi zadbakht, M., Bian, J., & Amani, M. (2020). RUESVMs: An ensemble method to
handle the i ce problem in land cover mapping using Google Earth Engine. Remote Sensing, 12,

3484.

Nasiri V, MicI &, Moradi F, Sadeghi SMM, Borz SA (2022) Land use and land cover mapping using Sentinel-2,
Landsa g htellite Images, and Google Earth Engine: A comparison of two composition methods. Remote
Sensing, $#(9), 1977

Pérez-Cutillas, P., Pérez-Navarro, A., Conesa-Garcia, C., Zema, D. A., & Amado-Alvarez, J. P. (2023). What is going
on within Google Earth Engine? A systematic review and meta-analysis. Remote Sensing Applications: Society
and Environment, 29, 100907.

Pesaresi, M., Schiavina, M., Politis, P., Freire, S., Krasnodebska, K., Uhl, J. H., ... & Kemper, T. (2024). Advances
on the Global Human Settlement Layer by joint assessment of Earth Observation and population survey
data. International Journal of Digital Earth, 17(1), 2390454,


https://doi.org/10.1016/j.jafrearsci.2021.104108
https://doi.org/10.1016/j.jafrearsci.2021.104108

Phan TN, Kuch V, Lehnert LW (2020) Land cover classification using Google Earth Engine and random forest
classifier—the role of image composition. Remote Sens 12(15):2411

Rahmani, A., Sarmadian, F. and Arefi, H. (2023). Digital modeling and prediction of soil subgroup classes using deep
learning approach in a part of arid and semi-arid lands of Qazvin Plain. lranian Journal of Soil and Water
Research, 53(11), 2477-2499. doi: 10.22059/ijswr.2023.353339.669426. (In Persian).

Shafizadeh-Moghadam, H., Minaei, F., Talebi-khiyavi, H., Xu, T., & Homaee, M. (2022). Synergetic use of multi-
temporal Sentinel-1, Sentinel-2, NDVI, and topographic factors for estimating soil organic carbon. Catena, 212,
106077.

Soil Survey Staff. (2022). Keys to Soil Taxonomy. 13th ed. USDA-Natural Resources Conservgon Service,
Washington DC.

Stehman, S. V. (2009). Sampling designs for accuracy assessment of land cover. Internatio ournal of Bemote

Sensing, 30 (20), 5243-5272.

Brisco, B. (2020)} o@Earth Engine
RS Journal of Bhof@rammetry and

Tamiminia, H., Salehi, B., Mahdianpari, M., Quackenbush, L., Adeli, S.,
for geo-big data applications: A meta-analysis and systematic review.
Remote Sensing, 164, 152—170.

using Google Earth Engine and machine learning wroach: Imp s for landscape management.
Environmental Systems Research, 13, 31. ‘

Wang, S. W., Gebru, B. M., Lamchin, M., Kayastha, R. B., ee, W. K. (2020). Land use and land cover change
detection and prediction in the Kathmandu district of Nepal Wing remote sensing and GIS. Sustainability, 12(9),
3925.

Wu, H., Zhang, L., & Zhang, X. (2019). Cloud comp services allow regional environmental assessment:
A case study of Macquarie-Castlereagh Bast alia. Chinese Geographical Science, 29(3), 394-404.

Xu, H. Modification of norfMlised differencqwat ex (NDWI) to enhance open water features in remotely sensed
imagery. Int. J‘e@te Sen 06).

Yan, X., & Wang, J. (‘21).

onitoring of urban built-up object expansion trajectories in Karachi, Pakistan
andTrendr algorithm. Scientific Reports, 11, 23118.

Zhao, Q., Yu,

Earth and Goog Engine. Remote Sensing, 13, 3778.

Zurqani, H. A, P

use ¢ i
observ

Introduction

”J., Mikhailova, E. A., Schlautman, M. A., & Sharp, J. L. (2018). Geospatial analysis of land
e Savannah River Basin using Google Earth Engine. International journal of applied earth
nd geoinformation, 69, 175-185.

EXTENDED ABSTRACT

Land use and land cover change (LUCC) dynamics represent one of the most critical indicators of
environmental and socio-economic transformations, with far-reaching implications for
biodiversity, climatic patterns, water resource conditions, and food security. Continuous and up-
to-date assessment of land use change dynamics plays a pivotal role in the optimal management



of natural resources and the formulation of regional development strategies. Numerous studies
have demonstrated that Google Earth Engine has found extensive application in various research
fields, including urban planning, water resource management, public health, forestry, agriculture,
and land use change. By integrating the capabilities of the Google Earth Engine platform with
modern analytical methods, the rapid evaluation of issues related to human-environment
interactions has become feasible.

The present research innovatively integrates three categories of variables, including spectral
indices, topographic parameters, and Global Human Settlement Layer data (GHSL: Global Built-
up Surface 1975-2030, P2023A), for land use classification. While the majority of pre@ays studies
have relied solely on spectral bands or a single index, the combined approach empl in this
study is expected to provide higher accuracy, particularly in distinguishin

highly
sitivity to agri@uligral activities
and water resources constitutes another distinguishing feature oTWgis study coribared to similar
research conducted previously.

Method

The study area is located within the Abyek reglg i vin Province. Data processing and
analysis for land use mapping was conducted ogle Earth Engine as a powerful cloud
computing platform. To assess these changes over thefaeriod from 1985 to 2025, Landsat satellite
imagery (Level-2 Surface Reflectance)@th a decadajinterval was utilized. The image selection
timeframe was from early May to lateyJ f eaci¥ear, corresponding to the period of peak
vegetation growth. Images with clqud coVerg@ss than 10% were filtered, and to reduce temporal
noise, a median compagite was genegated the filtered image collection. The construction of
the median comw“e is invgded to r ent actual ground surface conditions, meaning that the
reflectance valuesWf pi mputed across the entire temporal range. This method produces
a stable and uniform im eliminating the effects of transient phenomena such as clouds and
shadows.

pectral bands of the Landsat sensor, various spectral indices were employed
to impr crimination of land use classes, including NDVI, EVI, SAVI, and MNDW!I. The
SRTM Melevation model was also utilized to extract variables such as elevation and slope.
Furthermore, to account for the effect of urban development, the GHSL: Global Built-up Surface
1975-2030 (P2023A) dataset was incorporated. Training points were uploaded as Feature
Collection within the Google Earth Engine environment. The land use classes employed included
"Residential-Industrial”,"Rainfed Agriculture”,"Irrigated Agriculture”, "Orchards","Rangelands"”,
"Highly Saline Rangelands","Saline Rangelands” and "Wetlands". Depending on the extent and
spatial distribution of each class, between 50 and 200 training polygons were selected for each
year. The Random Forest algorithm with 200 trees was employed for land use classification,

In addition to



utilizing the spectral bands and aforementioned indices as model inputs. The data were split with
a ratio of 70% for training and 30% for testing. Finally, as a post-processing step, a Majority filter
with a 3x3 neighborhood matrix was applied.

Accuracy assessment is considered an essential component in the land use mapping process
using remote sensing data. In this study, overall accuracy, producer's accuracy, user's accuracy,
and the Kappa coefficient were evaluated using an confusion matrix and independent validation
datasets.

Results
The analysis of area changes in these classes reveals that from 1985 to 2025, Resid@asi strial
areas increased by 406.38%, Rainfed Agriculture by 765.47%, Orchards b (Y ighly

The results of the classification accuracy assessment indica om Forest model,
utilizing spectral variables, vegetation indices, and t@ographic v
performance in discriminating different la
classification accuracy across all years examin
above 88%, indicating a high level of agreement be
conditions.

than fivefold, mainly due to infrastru t, industrial and agricultural activities in
Abyek County, and proximity to Tehra fed cultural lands have experienced a ninefold

increase, resulting from self-sufficigncy pOligls for strategic crops such as wheat, as well as water
scarcity. In contrast, '“igated agri nds have decreased by 9%, and rangelands have
declined by more than 50% Further ery saline rangelands have increased fourfold due to
declining groun% ising temperatures, and increased soil salinity, leading to reduced
land productivity and tion. The region's wetland area has also decreased by 75% because
of over-extraction of up m water resources, drainage schemes, decreased precipitation, and
drought, reswiligg in quences such as wind erosion and habitat destruction.

Conclusions

The stu@a, as part of the Qazvin Plain, is considered one of the strategic regions for
agricultura®production in the country. In this research, utilizing Landsat satellite imagery and
integrating spectral indices with Global Human Settlement Layer data, land use change maps were
produced at ten-year intervals over a forty-year period. The application of the Google Earth Engine
platform and the Random Forest algorithm enabled the analysis of land use changes while
achieving high classification accuracy. The combination of upward trends in classes such as
Residential-Industrial, Orchards, and Rainfed Agriculture, along with the downward trends in
Rangelands and Wetlands, reflects a transformation in land utilization patterns. Population growth,
declining water resources, and overexploitation of natural resources are identified as the strategic
drivers of these changes. Based on the findings of this study, promoting sustainable agricultural



practices and formulating land use policies aligned with the ecological capacity of the region are
imperative. Urban and industrial development should be planned in a manner that prevents the
reduction of valuable agricultural and rangeland areas. Ultimately, these measures can steer
regional development toward optimal and sustainable utilization of soil and water resources.




