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Machine learning and the GEE platform in modeling
environmental changes in land cover in Wadi Al-Dhabab -
Taiz Governorate as a model

Dr. Tahani Abbas Ahmed Aglan
Assistant Professor of Natural Geography- Dep. of Geography and
GIS- Faculty of Arts- Taiz University

Abstract

The study of land cover changes and the prediction of their future
trends using remote sensing and machine learning techniques constitute
important tools for sustainable environmental planning. This study
focuses on the Wadi Al-Dabab Basin, one of the primary sources of water
and agricultural products for Taiz City, with the aim of analyzing land
cover changes during the periods 2000-2012 and 2012-2024, and
predicting its future condition up to the year 2045.

The study employed the Google Earth Engine (GEE) platform and the
Classification and Regression Trees (CART) algorithm to classify Landsat
imagery acquired in 2000, 2012, and 2024 and to produce land cover
maps. The classification achieved an overall accuracy of 94%. Markov
Chain modeling was then applied to analyze land cover transitions and
predict future changes, yielding an overall prediction accuracy of 98% and
a Kappa coefficient of 97%.

The results identified five land cover classes: barren land, agricultural
land, natural vegetation, built-up land, and mixed land. Agricultural land
exhibited an increase in the change rate from 27.5% to 39.5%, mainly due
to agricultural expansion, particularly qat cultivation. Built-up land
increased from 1.6 km2 to 2.4 kmz, representing a gain of 0.8 kmz, driven
by population growth and infrastructure development. In contrast, mixed
land decreased from 12.7% to 12.2%, while the change rate of barren land
increased from 8.2% to 11.3%. Furthermore, the change rate of natural
vegetation increased from 10.7% to 20%, indicating a decline in its
stability as a result of overgrazing and agricultural expansion.

The study concludes with a set of recommendations aimed at
promoting sustainable land cover management and mitigating the negative
environmental impacts associated with current and future LC changes.

Keywords:LC classes, land cover change, Google Earth Engine (GEE),
Classification and Regression Trees (CART), future
prediction.
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CART (CART-based Land: 4 i aladiuly oY) slbdl) Ciguai (2
Cover Classification):

Google Earth Engine (GEE) iain lo caicall ddee il
Glaylsd saa] a5 (CART) HladVly canaill siad daaj)ld aladinly
Ja b paaidiy ¢ (Breiman et al., 1984)idaudsy cujh Jll bl e
ey oG wmlal) (W) Al e ally laad¥ly Gl <SG
GLESly cleadli jands gy Bpainually 4psadll CULA ae daladll o g0
Llpriall G il ye GlEMall

plasinly Lo b cilegana ) BHS Canpl) bl s o ey leall i
g ys Gsad ddyh die ) Jeeasll s dpiall saiall (e o (Aslal cilaliasy)
) il g sl 5 Ul Captat] Aasll) Basl andiud 5 aasall gl
(Ayush & Gaurav, 2023).48 )l sixll & 30eY) 43

o) Ul andt P e Bydisall adly sl sl s andind LS
Breiman et al., )cagindl juwiall ad augio Lie IS Jiay dcjp hli
8 Aoyl chsall LAl el duulial Blas ((James et al., 2021¢1984
zila el 8 Gl 13 e alY) DA (e gl A8y sl Sy el
.(Martin & Naomi, 2017) s:i i<
:CART 4ajlsd JLid) &y e —

b W) Al layyla ST e lesSt CART Zuap s L) sla
o) bl L8 A Bk ey o adiad A cChiatl il i (8 Asaags
Laapyleall oda ety LAliad) Clpaiall JBall gl ) 13l duilaie Cle gana
tlganl (g ¢ V1 e Uarll ol ciluhal daulia leleat 520 (ailiad,

Bsa b Ll Bl daa),lsall g :(Interpretability) il ddggew -
oda i€y L il A Jas) A1 agds Leilsha A (Say bl By
bl Gale s llad 3 LpeplsY) cluball b dals dpaal 55l

A8 e (s5ia el 38T 3ae Gl
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a5 o el b Vodias Ldlaa) alall L) Al s -
Ghall je )l ae Jaleill e 508 Ll o WS clagda Gy il
e )y) e Uarll il g Ladal) Curiall G
Ll sl med (S 1jdlaall Bamie Gl aa Jaladll e 5080 -
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Baira dallee Clelya) ) dalal)
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deliall SLEY) jsm dalles die Gge 38 Lo g «a¥) Cilialsal
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p (A opens il Al ded iy Lo cciiaill Ailee (G Glen)
v slaad) Wl a3 b bl elsall
Random Forest (i «Eiall <y lsall Gam of (e a2yl ey
pany Al (e Sel ciligine (33a3 28 Support Vector Machine (SVM) 5
o 23a) Ly Bhae) Qillas 2l e ST Aoy aus Ll V) eclinlal
Ljlie LA M) A i Aol dasae oo Dlead bl clabed)
A Ahall o288 CART due) lsa lial) aiiy ol & ey « CART. 40 lsan
) adi (8 Dty mgny e Wl o L ) cconad Dbl \gheliS
pedy oY) elarll Jalail bt 1) Al duhall dpalell Calaa¥) ae 38155 Loy
Aiagie Bysay Ll Byigall Jalsal
paail (Gini Impurity)  Jus 38 Jalae e CART dua))lsa adiad
Clany elldy (Uil JAV 15 Lailas €Y1 diall il DA e bl sy Juad]
Ll il (ga (gsinnn (S Bins ) Aadl) HLialy s Coled) asal) Jausial
i dalre (g0 Y Lma il il gsana ol (il padindd aady) s
«(Esri, 2024, geeksforgeeks, 2024) all Jaly jaladll daps (bl
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:(Accuracy Assessment of the Classification) ciyixail) PEX anli(3
(Confusion Uaall disiias ol DA o caiaill 483 ayfi shal & Caa

s3a by Ay ccapill e 8 a2aid o dliies 3is3 cilie Hlasiuly Matrix)
zisalll Ay Culyy (LS Jelaag Alleay) &0 Jio &0l A€ Gaylic dileal)
O Aesaaa caiaill Ay Ll gV s (Say o2 JRAY) (%94)
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Gl aldiels gyl Al clpall Awlid) Landsat jpa lod) agud WS
Op Omadl) oz 3gaill 58 et 8 bl o)) o Uil clidl Alies A

£2026 s ((2) o1 shall (ol A 5 dmalr (DN BT ALYl pglall A3 Al
ISSN (Online) 3006 — 757X @ ISSN (Print) 3006 — 7561




[o»:m saaf e AW /3 L Gl galg i) s Uaall Lol @il Akl b GEE daley MY me\]

Laa) lsd deedle ) Wadl 2830 038 (e cuila (ghabs chadipe ABy ddiieail) culial)
D Gl ae Jabadll e 8508 (ge 43 al Ll Al il 42LICART
s oa)Y) e Unal) chlial il (atbiadlls Ladal) riall G didadl)

(2024 5 2012 5 2000) alse3 (CART) uaj o) Cisiuatl) Aba apilh il (2) oy JE

9 0 x@

w6 €] |«

Google Earth Engine

B LANDSAT_LEO7_CO2T1_..
B LANDSAT_LT05_C02_T2_.

I Land Cover Change Datas.

B Predict Future Land Cover

B Spectral Indices in Dabab

Index of /~naunafre.. Q) Earth Engine Code £.. §  Band Combinations @Y jsuivs s KY

Q, Search places and datasets

e = Y T W] R o]

3 pri

aining);

g flniiloll ay)y o Google ez B Google kil @

codearthenginegooglecom %5 D ¢

©  Confusion matrix
[[2,0,8,0],(8,6,8,1],(,0,4,~ 350

overall Accuracy:
0.9411764705882353

YouTube @ Gmail M

om@
T

>

40
i Taiz_ESA_WorldCover_v2. &
T Yemen_ESA_WorledCover. a2 Producers Accuracy:
B class_CART 43 *[[1].[0.8571428571428571], [1 150
B class_CART (2000) = .
B class_CART (2012) P e Consumers Accuracy:
I classification Cart 47 var elassifier = ee.Classifier.snileCart().train(trainSet, label, bands); *[[1,1,1,8.8]]
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:(LCC Detection) (GEE) 41y & ay) Uil a5 Cids 1-4

Sle pall G Ala & Vil paa dlee aily el GlEs) Cagel
Aaplall alshll G cOlellly GlBlall agll gy sas cAdlide dyie)
iyl Qs dgleall oda ke ¢ (Singh, 1989) Jlall Masl 5yany 4yl
Clill) Cle gene alaiiuly adme Apie) 558 DA Aigme dikie 8 Gaad il
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(Transition Probability JEsy) ddsad Jkia¥) =il sldel o
OSa i e oamy¥) e laal) Wl o el LSl Jilail 40€ 5118 Model)
Sy Badaa i) Bib P Al Wb Y Aee 38 (6] Jpad Adlain) Glaa
525 <2024 5 20125 2000 alsed o)V clhall clily o z3salll Gl
Vol b L V) elhaall Ldid) sl 3 GaY axdiid) GullY)
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A(LC, = 1)

P(LC, =10) = A (2)
tota

i-j

P(LCZZHLCl:l)zA(lei) -
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jal )il Jasy K JWaiaY) P(Change_ij)  Cus
Y Al salg)) JeaY) P(LC, =)
Jadl Lyl JaaYI P(LC, =j|LC; =)
(+- ikl o Gl ¢ a1 ) (Chriall) Ll @l ma Jiso £k (X_K)
el il j A YA e Jsatll dalae 4y
Al Aalaiad Y Aalaad) Apprar
P e (GEE) daia 3 dlaal¥) JEsY) ddshas gises Guki My
Aapa oL & ¢pig paal) pfiiasl) G ll ddiadll o)) e Uaall Liha dlac)
(Xiong et al., 2017) )Y ¢ Unall dabiaall culidl) o csaill jedil 850
s zhasy (reduceRegion) Jie daaid) i dgldsill Jlal) aaid (el aey
Lllaia) ) disiiae il 038 Jysaiy oyal ) 48 U e Aiiall cDLK)
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Ggd =gl 13 =y . (Markov Chain Model) (Eastman, 2016)ws <)k
&+
2 D=2l 4 1)) peD (S ey ¢

Future Prediction of ) (a2045) alal a¥) slaidly Adiual) suill 2-4
:(Land Cover for the Year 2045

Jlae b sainally Lodiiall Cliplaill (yo V) elhadly Ll gl 3)
Loty AglSal) Zilail) ol 458y Clagie g Lol il 3 ¢ S Qs
Glalady) Jidas 8 zilaill o3 agudy clblall Slells SIS i) 8 Sl
LS lily ) savied) Aphadasdll Gl A5 ae s Al byl Al

Syad Ay lsd Hladinly (GEE) 4y e Zuhall oda b 5l lee adia
&8 Bl V) alall il ylea ST e 5 ) ¢ (CART) lasayls ol
Ly lsa Guli & . (Maher et al., 2017)4 sl Sl Lla) Jias
2012 e¥) by Go slaeVl o)V ellaall 6 <yl siSlaal CART
22045 sl Ja Gadga) Al Ol il 2 3salll (s S 02024
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Gy Al labadtll ChE aey G SlSe (g zisa ol sad Al
Gyl Gp sl A CART  dwj)ba 8 axiiisdl aalyl) 73l
:aladdl G5 (X)) zasedd) cilayiag (X) daadl
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) X) = Z cm XI(X ER
4 (Decision Region) ))&l dshia :R[] f&X) L m X I( m)

L}_',\s.d\ o Ladll
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(2 dagll) SIS Sl lalia apasil oyl Ll dapa sLi) -2
t g (3JS...’AS\) cdadall & e Lual) clyiriall Jia) =3
Jhaai) dghe bl clidadl; (DEM) el iVl zise —
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(Urban Growth Constraints) _ihesll gaill 258 ddaya —
bl sda A QB e CART zisa cuywi —4
22045 alall a )Y e Undll il aysin 5amll Cojaall 7 dgaill Buksi =5
:(Future Prediction Process) 3-iill il
saaly Ashiae el 8 deddiedl Cilidly seall gaen gen
(lly aey Al L)z ALY zisall cdliase Jia S cvariables e
¢ (test) Jlod) deganas (train) oy degans e gaaa ) UL adi
e gana JS Gliall & il Al aaay Jlgde dgee o aic)
pladiuly (CART /smileCart) jlaai¥ly canaill jad zigad cupli o
Uadll dighiae DA (e LAY desens o a8l ol & oyl degans
A4S A8y bl ypelal a8y (LIS Jalray 480 811 (Ll (confusion matrix)
« (Kappa Coefficient) (%97) LI Jalaas (%98) <aly (Overall Accuracy)
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&) il sl ziges 4y b Laald) ¢ li3Y) LDy (Eastman, 2016)
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Gsime ol Ayliiunal) puall Lalail 3lSlae 3z dsaill 8)08 puead e dadaill b
P T RN [ - S

« (Variables_2045) sl dau Jiay aaa e o L3 &3z dsaill anli 2ay

& ecaiaill aey 2045 Hlall o)) el Ciiail Copaal) z3sadll alasiiady

«(ee.Image.pixelArea) alla alaainl, Lﬂ,.@f!\ glazll e 488 S dalise Gl
dpauiy cayial aa (Feature Collections) Zuihaa i ) il Jysad &
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X (<] - + X LULC Predict 2045 CART202¢ 4 X dale b sl @ v
i@ D e x A @ codeearthenginegooglecom % D >
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# Google Earth Engine Q  sea O M eenssuss
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B LULC_Predict_2045 CART 2026 173 B
& LULC_Predict_2045 CART 2026New 174« function trainBalancedClassifier(traindata, featurellames, ta ’
I LULC_Predict_2045 RandomFore: 3zp i . | [E
176+ r = ee.Classifier. smileCart({ P—— -
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I Land Cover Change Dataset (1985. zozzy GL 178
T Mapping Flood Hazard using Sentinel-1 in G 179 WS Jdaa
T Predict Future Land Cover 1 o
& 181+  var trainedModel = classifier.train({ .9698217821782178
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09 Sl adali suse [t o
mixeatanas
Barelands An Nuzayhah
Croplands ;
] ad ’ Sl
P
vegetation
L]
Urbanlands sk
s S i Map data 82025 Ooogle| BAL_4 pd i gl s 2

(Tools and Software Used) daaiiuall cilinasally cilgsl)
Jsall dallaal duagi)ll 45 culS :Google Earth Engine (GEE) dais-
Aadailly il Jiaiy ((CART)  canaill luelsa 2ty A iladl
i)
el aadin) (GEEk 4ilgll Al #1)aiul axy :ArcGIS Pro galin-
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