Evaluating the effects of land use change on CO2 emissions using satellite image analysis and deep
learning methods (Case study: Ahvaz county, 2014-2020)

Abstract

Land use changes, as a major challenge in the field of environment and sustainable development, have
significant effects on the carbon cycle and greenhouse gas emissions, especially carbon dioxide. Monitoring
and analyzing the trend of land use and vegetation changes, as a key indicator for assessing the
environmental status, is of particular importance. This study aimed to investigate the impact of land use
changes on CO: emissions in Ahvaz city during the years 2014 to 2020. In this research, images extracted
from Google Earth and deep learning methods were used for land use classification. Data related to CO-
emissions were extracted and analyzed from the Giovanni database. The overall classificatio

and man-made land (55.89%) increased significantly during the study period, while bar
decreased. Analysis of CO: concentration also indicated a 28% increase in 20
moderate negative correlation was observed between barren land an
agricultural land (0.75) and man-made areas (0.43) showed a positi
which is likely due to human activities and energy consumption.
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Introduction

Land use changes are considered one of the
the 21st century. These changes result fro
for natural resources, negatively impacting
vegetation changes as indicators of ef\vironme

rious environn@@ntal and sustainable development challenges in
tion h, urban development, and increasing demand
and human health. Identifying trends in land use and
status is one of the key approaches in environmental
studies [9]. Undoubtedly,‘ne of the mogt im nt consequences of land use changes is its impact on the
carbon cycle and ‘e‘house emissio ecially CO2. This research examines the impact of land use
changes on CO, emigsionsd County using Google Earth imagery and deep learning algorithms. The
main objective of this s
relationship with CO, emi

S. The results of this study can assist in sustainable land management and

reducing gre se ¢ sions, providing tools for policymakers.

Method

This stu es the impact of land use changes on CO, emissions in Ahvaz County, the capital of
Khuzestan ince, from 2014 to 2020. The general research stages include extracting and preprocessing

images from Google Earth, classifying land use using deep learning algorithms, and assessing the accuracy of
the algorithms. For analysis, three images from February 2014 and three images from March 2020 were
selected. The deep learning method, particularly convolutional neural networks (CNN), was utilized for land
use classification. To evaluate the classification accuracy, statistical indices and methods, such as Pearson
correlation coefficient, were employed. CO, data were extracted from NASA’s Giovanni portal, and changes
in CO; concentrations were analyzed in relation to land uses. Pearson correlation coefficient was used to
examine the relationship between land use changes and carbon dioxide concentration.

Results

The results indicate that the overall classification accuracy for 2014 was 97.55%, and for 2020, it reached
98.86%. In 2014, barren lands and pebble lands comprised 46.13% and 36.39% of the total area, respectively.
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These two land types were predominant due to prevailing climatic and geological conditions. Specifically,
pebble formations appear in the southwestern and eastern regions, limiting vegetation growth conditions.
Additionally, in 2020, barren lands constituted 40% and grassland lands 30.35% of the total area, revealing a
significant decrease compared to 2014. In contrast, agricultural lands increased to 21.74%, and human-made
lands grew to 6.75%. Agricultural and man-made lands accounted for 12.25 and 4.33 percent of the area of
the Ahvaz county in 2014, respectively. Changes in land use particularly affect environmental dynamics and
resource utilization. The application of deep learning techniques in this research is introduced as an effective
tool for analyzing and planning resource management, sustainable development, and environmental
protection. These results can serve as a foundation for future policymaking in land use development and
natural resource conservation. In 2014, the average concentration of CO, was 4.47e-08 ppm, with a standard
deviation of 1.41e-09 ppm, while in 2020, these values increased to 6.34e-06 ppm and 1.74e-09 ppm,
respectively. The increase in the maximum CO; concentration was more pronounced than the average,
reaching 80.53%, particularly around industrial centers and the metropolitan area of Ahvaz. The correlation
between land use and CO: concentration indicates differing impacts of land use types; barren lagds exhibit a
moderate negative correlation, suggesting that CO: increases with the reduction of these area icultural
lands demonstrated a strong positive correlation with a coefficient of 0.75 regarding the con ion of
carbon dioxide.

Conclusions
The results of this study demonstrate that the deep learning metho
lands based on Google Earth images, with classification accuracy arou 8 percent. Fil@m 2014 to 2020,
barren and pebble lands decreased by 14.75%, while agricultural and

ing CO; emissions. This study
y 28.34%, reflecting heightened
his trend may be due to population

pebble lands into agricultural and human-made areas has ncrease in CO: concentrations.

Author Contributions

Conceptualization, K. Andekaeizad
Andekaeizadeh. and A. Asakereh; so
Asakereh and S. Hojati.; formal agalysis,
Andekaeizadeh.; resougges, K. Andgkaeiz

A. Asakgieh and S. Hobhati.; methodology, K.
K. d S.H; validation, K. Andekaeizadeh., A.
ndekaeizadeh and A. Asakereh.; investigation, K.
. and A Asakereh' data curation A. Asakereh.;

writing—original.draft prepggation,

and S.Hojati; v%aﬂon, K. ndekaelzadeh superV|5|on A. Asakereh.; project admlnlstratlon
A. Asakereh ; funding igliyion, A. Asakereh. All authors have read and agreed to the published
I authors contributed equally to the conceptualization of the article

request
Acknowl ents

The authors express their gratitude to the Vice Chancellor for Research and Technology of Shahid
Chamran University of Ahvaz, Iran, for providing financial support through the research grant (No.
SCU.AA98.29747).

Ethical considerations

The authors avoided data fabrication, falsification, plagiarism, and misconduct.

Conflict of interest

The author declares no conflict of interest.



v
Running title/author name, et al

29ba8 Jokod 31 08l b (9 S a1 58 Uil 3 (0151 (5 92515 ik O 51 S 3
(Yo¥ oY oA F (j1ont (il 50 359 590 Axlac) Gmos 5 150U g5 3 ST 0519000

oS>

i Ll g S sz p g JB B Oluk dawg g Cunj buome diej 3 e Al G glgis 4 LB ) s
i)l Sl sl el Glyie @ (LS GRS 9 (LSl ) Sl 89y JeloS g (b )1 (S dSTid oy 4 cslalS
S 33 CO jLanl (sl (68 lyss b oy B b adllan oyl sl oy 8 5 slog cuonl I ladtocins ) Cundyg
©353L sla5g, 9 GOOgle Earth jl oas gl sl yolas jl e g ol )3 sl 00 plosl (3o Yo+ B YV slo o b jlsal
SIS By i o g glystl Slae 03l oKl 51 CO2 jlisl 4y basye (slvosls .l o oslitwl Sl (60,8 (saidils (gl Gaos
A5[+5 g RIS (i 4 Vo Yo o YO (ola o gl LIS Guyd 5 0o ys QAP 5 AV/00 i & YoV e 5 VoI F cla

il adlae 3550 0,93 ;> (hoyd BO/AR) bl lusl ol g (Aoyd YWIEY) (6559liS ol a8 sl o LiNguals el covd B 2oy
Yove Jlo o ol ehoyd YA Gialidl 5l Sk 55 CO2 clale Jloo wilassl ials ke 5 pb o),

5 (+1V0) 5yskiS (w3l 503 ggm j1 b ssmlin CO2 jLil i g b (31 eigglaogio (site
Gpan o Sl glacdls Ll 5l a6 Vsl sl ol a5 wols i CO2 jla] 5 My o

)

S as (4 50L i) CO: .“;)‘);L:}/wé///:ma}'l?w






donio .
sl gihe 0o g Camn 08 0 Jlul s g e bme S il (Sl 4 S @)l Sl
and u""’b‘ ‘5).3)15 u]).u;u L d)m ol ‘u.x....\o @t.o d‘)’. o.\:..{l)‘.é Lol 9 (S dawg Cured> uu]).‘ﬁl
a3 S )15 Sl lacyld 15l cov o) pdaw 5l o U pow SO d9ds doniis 3 .(Wang et al, 2022) Klodnicey )
Cipe) 4 @l o LUKs bad bk s oy Jold Ol pl ccanl odds (glod S Olyusi (igsciwd
(V25,5 o sl waldl Lol p35lSe 93 Bayb 5 Olyusss ol (Seto et al, 2012) bacdbo ;g mlio drwgi 9 (555l
5 B Gl SB Cugby wile o) o (o) Cloogad 3l 4 e &5 (SjSPen Ol Bk
N2O 9 CHy €Oy plas IS slajl5 clale o clyows o5 &S ¢ slowdgiion Oluwss )b 51 (Y Dad 0 (5)ls0nl

(Jiang et al., 2020) 5,5 o 3 |y > 5 (poj 30 B 4

21y el GLbl (65y0liS oy (oSl wad ials g (Ho
ol anie il (b @lie 055 9 (S K
Ghoy Vo il 8l b oo s Jlo (lais & (Ahmad €
Ol 38l b aeldl YYD Jlo U by cpl 09 oo (s
@ dg b oSod g il g ord cage |y (5l b Bl o lacusgioe W 4 9w S 5l Bpan 5 Lo
Cul ond IS olajl5 jLasl 51 36 olly3 BB 5 el ) was S gw 0oy AD arw
ol o) (5ol cel asg b b 5 3bl "‘,WS &S a0 i wldllas (Tiang et al, 2020)

olys & u‘*’hs OmB92 9 u;“"l)‘ dﬁ)lf Olys L9, L;)L»Lm he nl
55 Sy wlel p (Houghton, 2003) 5> (ga kS is Jesecun ) Oldlllas
) oS g (Chen et al, 2021) coul azily oo cuiS p 1y b o5 b

MW) w’!@a

35 Ll ol CO2 009 4 Il (slanjl8 ,Lil g op)S ad ja o w3l (ol )8
Fischedick o wld Sl piale)S 53 (el Jelos I (So lyis 4 Bl )8 e g (LS by,
Slyes g Lm sl Ll Gl ey BB S ol o)l e g 00,8 (55psliS (2 SR (2014
ey ol odlo g g by il BT 5 ) Slan g sladlato ¢ o (sl ol )3 sonldl sl ol
IS5l ao N0 b Ve dg0s ((IPCC) (o8l Olyuss  Jod oy bt slai)liS bl 5 .(Salem et al, 2020) wlawslis
Conl gy dnwg b 53 cloysdS 3 lime opl 48 sl ol el Sl 4 bgye S clajls Ll
LLaslh wad o il 1) als sl yidg buwy S ol cudy)b ks & olyuss opl (Fischedick et al, 2014)
Foley et al, ) 5)l> sl Coodl 5 Cumjlae (g yda i Ol Sl SB o508 9 (Sigloyiun cbaad > o 315
(2005
S ey Gloand 3 dnio drwgi g it Vb Cope 4 agi bl Cooal Bl g Gl 3 g9oee
izl glie (u ol 1 (e plsie 4 yol gl sl 4l pSasia JRlB Ol el @blie 3 ohga (ool )



2 (W) s 5 KM D9 0 Cgwme Cygpd SO Ol pl Copde g 039 zikas olpl o sl oo
polds Cygo 2 s adllas pl ol sy Sl 608 uw 50 CO2 Hlisl gl bles oy 4 (g
el wlgd yials as )y YWIF 5 aopn A ey 4 (e 9 Kin 8l) colus (o) )8 08 65 N,
S g b (e b (2] 3 colue (alS ol S T )3 6515 5 Jaoms o by oile <l (58
MY x N2 1 0l] 5 S1B 33 dgmge op9)S 68D iy Cowd 5l 4 woan] Jlo Fr 3 SeSiune gblie g (¢y9liS o))
Ol 5o caliseo (glaypiS yo ond plowil Glindod . 0b dalis e adlaie I p)S dST (00 S5 oo 4 S 25 B
COx (e (Rl b wadiins job @ copped b (o)) slagwe) & iz b plad (3] (6 )8 Clyss o5 3
COz Ll &y pomio s & (oly; i) & UKs bas &5 wed o olis oladss .lash

5 (Y+YY) Ahmad et al .5y 48T labdS lajl5 [lissl 5 ol o) Slyis 65y
5 Giovanni' alobw (sbaodls ;I eslawl b OT e Gy il g Lol
O3] 8oyd YYEY 3900 Yo¥+ B Yeee Jlo 5l o0 colue oS K

o olojle 4 sl &5 Giovanni ailebw .Cuol (gl
yuwd ol (NASA) S 50l sUsd 5 (63)95l9n
b ol 4 albobo cpl WS (oo @l ) (o) psle
I ;| glacgoome wlwl y (Acker et al, 2014) 1,5

slrodbacsaze plu g b jod 5 ioxiaw (slaodly ;I (slod
e Sliass i glaaie (o 1) sbwl cleMbl e 0
slas,uSolul it g cilale g &g, ¢ el gilo; S5 L

Lo L)"‘ 50 LS)L""\“-“’ dlﬁ:J,\.o ‘L5|°)‘9'°L° 9 @‘,\.m

»» (Lillesand et al, 2015) 38 oo walyd |y (oS oo ,Lisl b ] bls))
Jeo g g g w85 )13 ool 3590 gl (Bl die) )3 03518 jsbar uile
.(Wang et al, 2022; Murugan et al, 2022) 123 0 plool (¢ b Ce oo
siilo o] G coele 53k e 3 by cn F389e I (o Olgie 4 Bres 50k slagi 6N
S5l Slllas > basd ol cusl y9d I omis pglal gandil ln' SSPgl e claasis
s Sig glzcwl sy 9 (Chen et al, 2016; Li et al, 2017 YA o)) Sen 5 (sowge) Gros S b slo S5
Llad )3 18 solatwl dy90 (Vv zgplls 9 (03,50 (gyalb) ABas slaodisie GleMbl ganddb cas 8y
ol & ol dalais I YU zadg b slojlgale yolal o bglgils” auas aSis | (6550 e b (V+)4) Tejaswini et al
L (sl calie (o)l 92 Ll> S 0 gl e (glaaSiud 3,8 pludl ol (il g (e ibgy Sy
3 o polal gl wdS g (Shy gl el diej ) Bres 6350k Slaibe) (2 R 9 o Sete Ao Sl gl
oj9el slmodly gyl 5l a9 sl LralS Slusl janass 4 oxdidy sl Sy (Siwly daaSis ol )3 s e

I NASA Geospatial Interactive Online Visualization and Analysis Infrastructure
2 Convolutional Neural Network (CNN)



Slasutio b (spghas b danlge 10 b amd o (ISl 4 4y yal pl djlayy oo pabals g (6x50L 4,08 AT % S o g
Corj Lo g )9Sy dawgs' 9 SRy Aol )3 (W3] Clyusd paseld 5 )5 (o Al 10,5 o)Ll &S 5l (Lo

sbodly ggd9e Sladl jgye (peud il (nl 33 8IS S wyp 390 Slnl el 3 Bres 633L Sl )Nl
@ COz jliml o) g8 o Blisee CIFIE Wl o g i 5 gyl pughad jl (ol )8 Clyess & by
Cae ol 5 GhlISCwles Gy 3o )l Olyie @ Ve pimgh ol Sl erelcndn @B agh )y b

S Jos S Slals Lzl ks g ()l o pie

P rpa Vopglal (oyp polel p s 3
ool 13,8 bl (VAN olakiiul) (635
2 ShygliS Slelg gl 114 (s
Gudads gy wgMe 2B vo
Gl (g b B orch TensorFlow (sladibulis” § ¥/VY asws Python pyaily 5l kedls 3l 4
15,8 155 ArcGIS 10.6 l38le 5 5l oolitsl L lnasis S5

289 3 R § o8 (5 SO gy il Y'Y

bl el 3 g G M Ol Lolid glal (Bilsp i Jeld 93 I Glexie 5 Bres 630k sahe) 3adl
oskaie (nl Nt (ol (6)5 sl jolate & Bras (656500 SNl | addlas cpl > 0l oo 5
Ol 4yl N b OBl sl edzeg o Shy xSk 3 ol YL UG > 4 SgglS as aSd
ol Jols ol ()8 ol oS iy gy cpl 50 Wb 4 Google Earth alobw I 5l 5y50 jglad 45,5
ol bl b i )S a3 adllas 390 adlale (ly Jfiile g pl Ol (ol lading wlugludl Gblie (j)sliS
oMl b g il o Jod BB (NS gaw 3 1) glls 9 03)5 S Sl SSE gllad alS 4 (IS gt
(036 S ne ) b390] (slandiges 3l oliunl b bl Jdo 48 dme (s Sl osbin)lss g9 5l gl lS mas 4S5 ]
3 (ol Cpgo 4 oladiges hjgal (sly NS andil Ciliee ladod 4 1) gl sl JuSy 5o b ai bjge]
5 e Google Earth pglad 5 (Slue CleMbl yolwl p g )8 bwsi awyy dy90 oo o bg,m)ls 51 S j»
@ ol ojlul uss ol dpo cpl (85 plodl pglias Sl p i dspe gy cua 5l S IS
£55 Lialial s ye oyl Lol s el Uy g iy J5le s Jleel b Wodls Lial38] cysizan ¢ 5kl sla



s (19031 9 (o yliiel (gl (slbasgarm & (sslas) Woslsy ool y> bl o Juo' Sl 5l s S sle 5 ool
ol (wyiwd BB s mlie )0 cpolas jl odlatnl b 51 ganadb ) O] G sl 5 ubglgls uac aSli
Yang et al, 2018; Bhosle & Musande, 2019; Carranza- )Y+ + zg3lilg 5 (63,505 (gl AV () Ko 5 (s5wge)

aallas jd Gros (5,:50L gy il edlitul b ol (6)l8 asd gl ol 5l (Soles ) S5 (Garcia et al, 2019

g9 o et [7] in [1] omnie [ woerm [
xSl Ll e 5 Soles ) JSUS

2l G e 5o

4 delgls as 43..“_;2‘%.)')‘ S\l s Sigala (1 SSlo (Slgd s s WGle alise (gla)lre
. ' b polal b ool ganatl obj) 0 Jb opl b gy

Ak Ao oy

—dib s sodls g o jgiw > duej slrosld Uad s ple )0 g o dmslie gabddls 2903 0 leden
G\l i od® by oS wiid ol Sy Sl Sk oyl Lol jlad gg) dlael D15 ,S o )8 aylaw > il

maib glad o yile Hldle )8 duslow |) L (o s g (IS Como Jolis By glajlixe g o s s yile 1 .(VYAF

ol 0 0y L5 ) Joda > (g

(Salem et al, 2020) xo] Cawd & V abasly IS oo adls

! Overfitting

2 Overall Accuracy

3 Kappa Coefficient
* Overall Accuracy



1

Cono Ladls OA 4 paad sl JuSy JS slaw N closds gandil Cusyd &5 oo JuSy g9ee P & Sb

(il slod i plo 3) (g5l e 5 ()lad polie S & bl cone e 3 )l Glpie 4 LB o ps

2 eomple o gly 38lg IS e )l 38lg Bl claodly b jads candil oS cul ‘_’j 0l LS 5 ol duwlee

(e o 4 s Jguo (kb i jolis I &) (uild 385 5 (IS Como) il oo 38l5 o glds 4l
(W5 (Sls) 5 abld) 0o )5 ookl (o pus (ol dswlee (gl (V) alasly 51.00)5 o diwles

R = NYI_ Xii=2Xis =2 X4i
N2-EXi+Xyi

(¥ b,

Sobe 6 ose o Cul K g 00 20 (o copd opl dld bl o due Cusbly sl Sy
Al oo (e j Cudly L oaS (sl au BT L (o gune

b slos e Y Joda

(0§ a3
oS ) Y “
) a, Xy
a Y a Xrt
Said "
X,
ann

Xin HEy

CO:2 s 0315 Z1 it H—Y

Fove by Jl ) B

Sz

05 5 Laseie JUye 5 jlgal ol s ol odgame wild cpl > LD
Gt o> 2 o0 SeSleed Ll jlade daodly (6 S0l ik I g 3,5 (yaend
f o )’\ ‘U..é,l)l ‘_gl.md).g)lf Celuwo 9 CO; )L.f.ﬁ‘ Ol)’,,o O O ]oL,S)l ey )914’:.1.:: &

St R Bolo b abgrye CO» HLis] e g o o (Somsed Lo § 23,5 dulee GIS Laxa )3 (owyy
WL J Ggwym S ops Jols (Swed copd ol 4 & gy (Shawed cupd b Db gy
JoE e (Sied [ €=V 5 (Sinod pas odimdlid jho (JolS Cuie  (Siuued ;Ui €V due &5 (g)5b

Gl

bbl!ﬁ.w‘ 9

o g by sl 4L .Y
ol wadab A



wlod &8 canl ond oo LIS Y 5 ¥ Gl IS )0 Baes (6530L gy b adllas 390 ddlaie o) (6,8 s DS
Lg)g‘ﬁ dJMﬁA Y+ \¥ Jl.w ‘5..\..449..]0 dl).g Lﬁ‘K Cono uabl.w R df;‘)l ]) L)"’M'{ C“" O dalaio M 0390’ )‘ éalb-
3 ool b (sl eadil cons S0d (slaadllas )3 el Caund 4 doyd ANAS Ll YoV Jlo (slp g 3o )> AV/00
9L, 5=151)5" (Bhosle & Musande, 2019) cusl sdpsy 1uoy> AV/OA (e & din jouiS 3 belglS e aSis
Iy calisee (slaosly degorme o LbglgilS was aSid | edlatwl b 8l)) (6,08 sanddl S cons (Y4)R) o,
G VY g VY Gl Jlo lp L cops (WAY () Ken g leloes) Conl onds (55155 0o )0 AD i (slojlanle

5 10,8 o)l doyd M g uod YA Loy 4 YoV g VoY sl o sl LS copd jleal (s drwgs o (2)

ol 0393 o )d AY g o )d AD i 5 & b Sl ol (gl oasls
a lzale 5 pb Lol (oMo YOF Jlo jo aad o (LS 1) dbgy e Sl Joyd 5 2l (¢ Colue V>
ol (S5 s 4 dp o8 SNl oy b slagse il e JSi5 Ao PN i
o jlale g5 adllas pl o &S gloj ;K zolaw bl o LS Lol dga0 b (5908

)] Loy A )l w Egomo yd oS )l).olc 9 )Jl) LSLQ’L)'“’) uﬁyi«n.c Cawl 00w 29 .)9).700 u] CuslddSs
4..\.5)@ C..:-)J 1) U"‘"“’?" 09“\" 9 )L C}la.m &S adlais L.M:L‘) 9 ) s c..\db.)L;o J..Swu ‘) )‘.\J‘p.uo
Sy bl ubg liale Lol claaio a5 wod o O YOF Jlo asa glas Jlow .cwl )55k

u.tbLS gy ‘u§L>9L5°*19] ]a)l).wd.{@‘b A g us)'“’9gr’);u9‘“'> LSL“L)‘“’U 30 039d Alwg
WS oo Do |y 00 iuS

26 el oasg)lol (g5y5liS sy s &
siblio )0 (g5y0liS” Lol g 0 oamlive 550 a5 jeb len )l (golail drwgi o 18 g 4 (6 pSeii>
Vgoro (55,5sS slopyso; I S et O]

< GL& GNP s 5 SRS STy b el JEgJos (sl prane «_5343)’ » wl“’u'wl bl )‘ @L‘*"WP
(Y JS) gdse b S o o8 o 9 (B ol (sl (65900 glie

! Carranza-Garcia



48° ~ 48°15' , 48°30° | 48%45'  49° ., 49°18
el | Y VE g oode o5l 4t :
A L " ) oy Ny iy
| =z ™
f | “I¥R ’ . |
| | B ) |
A : 3 |
) [ e A e -'}‘-’.‘ ’ (
4 N ' LY Sy | 8
2 l EV\Q ¥ 3 “d:" ; | :’3’-‘5
[ [ ' ’;‘?f? A ': : ks ‘."' :.--;.1
] | St - e g ;
J - K f or . 7 ! oo /
gy e LR
0 i .‘_.__. - bl = \ w3 | = & e
f F':.’:r . : Tt \H% : 3 / a
) : ¥ )
4 [ | P_"‘- R Y 2 I :;
1 P %
s1 |
;T}f : —r
4 ™
I B [ f | \\".,r-—*"' . [
| | 1
1 .
(R N
1A B sl gl T 50l ) 5ile A
.- b _——
BIA 8 n o

G 8 x50b ey LYY

Q@ S ol iy o S 1y dalllas 390 ddlaio

oelaid] 2gs 4 ) ul).ua.: : W e 4 Cawd (o pd A D90 inl38l b (g550liS” oyl )0 (sguw il

Jol (ol o p ool oy Ll ioli8l asllas 3)5e dilais S Gl sy YVVE & g 00ld
g piie olorl) Co NG (<50l ool 4 Blate 80> BOIBY b ()8 s (b o Cunl 02 ple L

}1 ..\»o).) \CY/ Yeoo JL» }‘ s OLw) OLuwflJ )9&1’ ).Q(u) )2 Lfé‘)‘ LS)’)'S ul).wu sy .(\\”"W ‘Ol)lm

&3S L;lbw)' Colus oS L;u 15 sl ials GQL; Lo s uJJ du% b g@u YY) b VAR JL» ,l s
sy b oly; OV gane culS a8 Canl ol 5155 50 iy > (Ahmad et al, 2024) cusl a8l 158! (us s ¥Y/V4)
S59iS 4 (P pdiphlep Gl 5 oYL asle) oSl sl (> g b p)lS plo 5 a8l (oS (VL
c‘_;o.JB‘ Jm u])J‘ [\ éJLA olazwl )1 cp>dod p g JJ)‘.) OR) L)‘“”?’ L;vl.;y » d)b) )A)L Lol cJJ)b 6)1.05 R )lfnl.c
YN BV Sloj slaojl yo a5 05,8 olo jleal (e Bblie dawgi awyp b (VFer) o) Kon g lue 15,138 o b



Slbl (55,5liS” o)l &S Canl ouds o3l lis wliie dddllas (5 .l 04 03438] oabaBle  Slg 4 S i OV d5us
sleasl, (Salem et al., 2020) Wloads o (g0 (638 40 oYL Ep LY VAT o Sl (b pas j3 0,06 i
St Bblie Colue 4 o )d YY/FY dgis ((60Meo YoV+ B Yevr Jlo 5l &S ol ol 0 lwSh joaY > (sladlas
B VAR 0y90 50 cdlw bl 5 s Sl j0 Mo pd F/F0 i8] 55 sia j> (Ahmad et al, 2023) cusl i 03938

(Ahmad et al, 2024) Cusl 005 5,35 ¥+

48° | 48°15  48°30' | 48°45' | 49° 4918
§ l J iy Je ,,";ﬁ)lfu.as i
- ' { = 3,

:n ™
| =
5
_ ‘ , RN " ad
EANGER. | g
=2 ) 1 Nl o Sy ] 3
. : ‘,t ~™
| s :
[res in
= &y
-
o
-
Leiat N
nan sl ol sl ek A
1] -y-' ‘ J-lL.‘ . . i
9 Md,,w.Ju);@él)ldﬁ)Km.VN
- ~ 290 sla Jlo o b ()55 S colus Y g
yev. Yert
Ao yS B1¥ Y Ao yd B1¥ Y Sy 58
W) OFAYD £/ FEEOY ol oLl
N avsy /A vovY ol s g
YAV YAF A VY/YO )P YY Sioslas
YO YO0« LEAAK) *LSYEA Sale
i FEEVEY £5/\Y FAAVFY b

YoIF Jlo 30 dunST 8 155 L0 ¥V
e Sl ¢ Jlo cpl 5o e o ol |y (60N YoVF Jlo > adllas 350 adlain > COy Hlil Olpuss liee ¥ IS5
Glysl bl o o FAF x VY w o Lisl 1 S5ke 9 sy pl o 2 VY X Ve @ adllas 3590 ddhate p> CO, i)
samyLis COy jLisl jlre Blyssil g Jlade (5 asg LB cdale (aliél o il el odg pl (o (o VFY X Vo™ Jlae
CO: jLizl e 50 Sllwg a5 aad o Ui jhae Blyul (il38l .l CO2 golaw p B50 Jolge I (slodomy ol



Oliee ddd o s & S Ll Jaore bylpd 0 Sl b Sl plie )0 Gllug Jds 4 bies &S sl o ydy
'mb@@@”}fl)‘9j|9“‘)erzdw J‘"L‘?’ l""d“"" Cﬁ‘ ““““")“"“"“‘J aslllas 3)?“’4"6“"""" B Jwﬁ}gf » CO2 )"“:‘:‘;|
Do o 0dnlie B S5 j> a5 jeblen el Cawd 4y (g9l by )3 oywely 08Ty 5 L (> COp sl clale oy b

Cawl 108 COp Hlisl ouds )y (g iy Alold  imino g (g0 STyo 5l a8 dblio

Hade oy yieS ol L VO o & caws |,
YIEY x Vo &y pnads il b lade o
COz il lawgio &S o 5 5 0 sl Kb awslie (] sy COy il clale lyuxs X9y as ST
sbglaw jl Glizres CO2 L
Sledd 5 (Shgmiggls

W caclale oS cul opl odimd ylis il jlade piShis j> (iol58l .cusl adly il 38)
Glisee sla sy )3 ewd (5l Bpas 2a8 (Ll L Lulyen o wilas) 518 LS
(YA el o YV ol o) Cunl addllas 350 093 5
L Lol o NGB, sl pSojlul o Cllwe yiolj8l sdias ylis 55 COz Hlissl e jlre CBlyoal j3 il
Db 9 (6 NP s &5 sl 0ad (515 BL (aome Lulyd g jlisl wlie )3 Gl @8 4 g (3] )8 Sl
(2las ,a 5l .(Khachoo et al, 2024) culodgs H138 136 (g9 (slmon VT jlissl (liee (6 puSauin yobas WLol )> o
oS ©olds ol b o)y IS alis Yo F Jlo o) el ass b (0 JS3) (0o YoV - Jlo ,d COn jlis] Ol puis 4
A D a8 a2 o i Sl s ol 03Dy Fy dslllas 390 ddlaio 1 (g puin sl yisu jd ie cdale L COy izl e
B ol 5 85 e S allan 300 il (i 5 > pen el a8l il COp il et Sl
ol Lol Jelos 51 (S lgie & iy S cldllae > sl aBl iul38l CO, il cdale il dawes
P W o i (655 slaslily glaosly )y (Magazzino et al, 2023) Cuol i by slaldS ool L]

@ Oliwjos sl )3 (o8 g Sladd g (KB (65)5liS (ixino) e sl jisu 13 (5l Bpae @dllae 3)90 0)93



0392 (liwjod (il > (ixio g (5 R drwgi g Cumox Gl (oSl (6 )l Dlyess I (36 & sl Bl ul8l o
(VAR pb ATVR (ol y) oo
3 A o s 1y COy Hliwl glackale 5 ang B slagSl g kg, YoV Y Jlo il Sloj sbaodly Julos
S ol gl oo VY X Vo7 Jlae Blsul bal o o FAY x V7Y jlasl cble 1 Sbe (oMo YO Jlo
Cool 4Bl 21581 (eoMeo Yo NF Jlo & s pl (o (0 V¥ x Ve Ll cdale Sl (oMo YoV e Jlo )3 oS ol
03> lis s plool Giovanni JUyes (sbaedls jl edlawl b &S (glaalllas 3 .0bb o (shoyd YAINY Liolj8l oaims lis oS
oAb (s (Cauol 04 joaY 3 VeV B Verr 0)9 ;30 COx (ghuoyd IV Lil58l Cago (ool)l (65)5 Clyoss a5 0
Ahmad et al, ) cal salgs Gil38l 8oy WV 290 Vo ¥ Jlo U558 ol lil liue c b)) Slyoss 568 Ky b sl
1t (2023
S5,

ailaio ) Giovanni by (gloodls ;I oslizul b (gon cclmosy¥T Ll cbale o ol gp)lS s

oS sl Sl sl 5 bolSy,s clacdls Ly 4 Yl ol ol cul lgal 1.3

sl Ll oobaiBl iy 5 (ndi b M) comes S ST (o))
A6 5 sl ey BB b & (50 Comex Ly & bl YOG
.(Magazzino et al, 2023) a2 uwlisl Iy COz Hlag

a

4g° 48°15' 48°30' 48°45' 49° 49°15'
g TR 2202 OB e
& > o ~i% sl -&;"-{
! = " o e, P B
N ;‘:@_ 1/ 2 % ol - 5 »z k iﬂ
= a0 s ~

a ¥ %

= e 5 -

o " L =
= LS
| .y Sl o

- |
in| &
2 -
Y 2
I =
4
2,
™
il
gl ~ §
~
alaki glaat
‘ " IRAN é
¥ o4 > ¥
ot é w 2
ata

Yore Jlo p ST 63 )8 lpss O JSW5

CO2 Sl b (a0 ) 52515 (i T —F
O Sl kalgy O JLil chle e g o) ) sloatod Colue bl i (gupm (Siwa o ps Jlov
Ok 2 e hB jeb 4 by Siwer oS Cul pl [ SKlo gl cpl ol Lis 1) COs clale 5 o (658 glsil coluw
5SS S o At 1) CO» calé gy sl 5 e Jalge 186 g WS o s (e ()18 e gl
Nz (0Ll Ggurm cupd) Gl ke g bawgie COp Clle b (Sturen pl slagwe lp 300 LS
Sl & ) a5 gk 4 g Jg )l 292y CO» Ll (e b b (O] Colus (i g8 (Stusen



ol 6508 2l o gl s o s & jier by g2l 8IS ol Laiye CO» 2l I3 L ol o)

S & (XS ly yaumadl COz clale pglie yiol38l (Rehman et al, 2021) ) 5 los ) .l 0393 (65,58 b g colw

S Cd)S domi Glgie 5y (il I NS e (Brre e I el g B 5 o lind (555l Bpae (Sl syl
Gl 00 CO il cdale yiol38l Cogo putivns juf job 40 1l

oy ylis &S oy lis CO2 Ll e b ((IYA L ply owpm copd) (nd (Suaod Hliale ol Colue

L CO: clale 5 (gjy0liS (6,8 Coluw (p (Stuod (p il .l COy Hlil clale 5 bl pl o o5 OMoles

P 4 598 b bloyl ol sl (698 s g o bli)) osimd i oS sal Caws 4 2 IVO b ply gy o

013}l Wlgi e A yp sl (555liS oly) ialsbl 5l il s COs il clale ayl8l a5 amy s Wl e

cblw OLMJI dblm c_é|)L>| 5 COy izl Ql}t-” Oy i aS A ol (C) 9 ¥ wa) CO; L] "Jl)’ﬁ.,o bass Pedd

5Pl S pan adllas 3)90 0)93 )3 4 (ly &

3579 CO» IR li8l 55 (55)5liS (p3l)) SLbI > xix o ol
Cuol 039 ffinio dnvgs b olpod 9 (559195 35 5 Sl (gj)5ltS
on oS olss cpl Vil (VAR a7V B Sl l3 s 4 plejss ol Gl la ity 5

b Gl case wivsy (55,518 () L3l b )

Lol
oS Moy S S5 ol il ialsEl crge siaio b (0 3olie 45 Canl )

u.e
0B s &S W5l COZ‘) sal
el sl o8 L

Gpae olie 5 Cwsl Colo pludl ()5 b (ol 3 (Bpae 55l odes S5 )9S (55
o 5 i Nl 8o 3T cilo sl Ll 6l 0 bies & pliwjsd sl U5 5 Jas 5 Sloss (SB
QUi 9 S (o0 dtaz 1) €O JB Clale 5 (5 (6 )8 Elgil (om0t Latlyy «legidge cnl (WA (plo) ol lagis
2 @ @5l Gpae G g clld g Canle (B)5 JlaS 3 e (2)) S Colue Sl (85 HlaS 5 s (o

And &l IS w0 Wl e (Jg b ean VT Jlissl g sl (o)l Sl o b odims s by, 40 Xlg5 e



Co2

COn jliml cbale b 31} (sl 508 bl igm g (Staas o p oSS

Google Earth | 8L, yolai p i (g5)0liS ol (gadwdS > Wileh o ros N
Oy D92 1o )d WA d9ds aes (6 pS0L By 5l odlitul b (65,9l ool R4S 8> cadlooql] y> il Lol )8
e S8 Colus

Colus i O (Siumad g ps Sl Lal3El 1oy A0 5 FVIVY ag g 5ol o) &S

u.,)f o.,\;..gYT L] O‘)'.:.ol.j -0 buwgie bio  (Sued pl d‘)‘ﬁ «S

losgs (c3Muo ¥+¥+ B YNF Jlos 5l aanSlied op)S
ledld iolsl oy L Yo Jlo 4 cauws

YeVe Jo 5o 2oy YANY e 4 0SToo gy il il 53l

S5 il
> e ol ()9l g gl Coglae Jlo Coles g jlaal Glrex s oSl
e )8 o S5 (SCU.AADB.29747) ailags,

Q &bo

935 )39 « 55l 9 B ONS rsaebn 83 (55l 9 B2 9ol oglae sl aoliily (VYA el

938 ©li9 53l 9 B OIS il B3 (g5l 5 Gy pgel Soslee i aoliflyi (VYA el

Sopalll 5 S yally sla by b auglio (WAF) . Leloss] ol Slosds 5 M 50287 ¢ Golo il (gl £ e el
oldhis Ml (g5 iyt ) (it scsdye Alla) A Cawdd (glolgnlo yroliss ) oslizl b sl sy (shindido >
SO (AY) V¥ )

5 Jtes (slojlsmle poglai Sl oalitl b (65,5liS (o)) (68 (sanaal (V- ) lgrdeze ol 5 Lople (63,5 (ol
NOYNAEN (VIOY ol ST 5 o ol (3,8 s 15390 adllan) Gaos (ghmdus (i  omac 45



Sl Sl AT L o (SoyS indai b)) (OTAY) i) od S,0l5 g ho « ony BB (e piio ol
NEENEX (YY) A o dibaio (o5 inlol g Lliin (o g Jol (la s 2 ol 390) VAAY=Y NS Sloj 590 Lo o2l

loal (630 b drwgi g ol (6y0)8 SlKe — Sloj Ol pusd B9y (g3l Jlo (Ve r) L pdiye il 5 blrns (lus St «lue
YYOYVD (W) ¢ proipw irlel . ool 5,500, 3 (Siivo

.dw’.o)b‘/’&bw’/.jj.))‘/w uﬂ:"" .(\VR;) .LQM% 5&‘4&‘) 9 ).él.{ AtAA) ‘L;Q.‘Dté

AFA-IYA (VY-

S (b sl jolaio 4 Bres 5OL 2 (e Ay B9y LI (W) sl (LS g e (o3l foe duw (Sgge
IWeNOY (YR (o)l didl 5548 g pole . s pobdass bl ) YL Sl 28 b yolas

REFRENCES

Abiyat, M., Abiyat, M., & Abiyat, M. (2021). Modeling the Pr
Land-Use and Urban Development of Ahvaz Based on Spa
Country Planning, 13(1), 215-245. (in Persian).

Acker, J., Soebiyanto, R., Kiang, R., & Kempler, S. (2014). Use

ss of Spatio- p&l Changes in
Planning A@proach. Town and

for geospatial public health research: exam of \we -influenza connection. ISPRS

International Journal of Geo-Information, 3 //doi.org/10.3390/1j2i3041372.
Ahmad, M. N., Shao, Z., & Javed, A. (2023)" nd use/land cover (LULC) change

dynamics, future prospects, and its environment s based on geospatial data models and

Cover Changes and Its Atmospheric
District of  Jharkhand, India,
(MLPNN). Environmental Quality Ma
Alfiky, A., Kaule, G., & Salheen, M.\2012).
approach to measufing_ agricult®gal
Environmentalc@uces,

Anonymous. (ZOOO’Ene

tant Concefliration in the Coal Mining Area of Ramgarh
i Muli-Layer  Perceptron Neural Networks

rsian).
Basheer, S.. Wa ., Farooque, A.A., Nawaz, R.A., Pang, T., & Neokye, E.O. (2024). A review of
greenh as emissions from agricultural soil. Sustainability, 16(11), 4789.

Bhosle, K., usande, V. (2019). Evaluation of deep learning CNN model for land use land cover
classification and crop identification using hyperspectral remote sensing images. Journal of the
Indian Society of Remote Sensing, 47(11), 1949-1958.

Carranza-Garcia, M., Garcia-Gutiérrez, J., & Riquelme, J.C. (2019). A framework for evaluating land
use and land cover classification using convolutional neural networks. Remote Sensing, 11(3), 274.

Chen, D., Lu, X., Hu, W.,, Zhang, Ch., & Lin, Y. (2021). How urban sprawl influences eco
environmental quality: Empirical research in China by using the Spatial Durbin model. Ecological
Indicators, 131, 108113.

Chen, Y., Jiang, H., Li, C., Jia, X., & Ghamisi, P. (2016). Deep feature extraction and classification of

hyperspectral images based on convolutional neural networks. IEEE transactions on geoscience
and remote sensing, 54(10), 6232-6251.

Energy Affairs.


https://jne.ut.ac.ir/
https://jne.ut.ac.ir/
https://doi.org/10.3390/ijgi3041372
https://doi.org/10.1016/j.proenv.2012.03.009

Da silva Cruz, J., Cavalcante Blanco, C., de Oliveira Junior, J. (2022). Modeling of land use and land
cover change dynamics for future projection of the Amazon number curve. Science of The Total
Environment, 811, 152348.

Dyer, J.A., Kulshreshtha, S.N., McConkey, B.G., & Desjardins, R.L. (2010). An assessment of fossil
fuel energy use and CO2 emissions from farm field operations using a regional level crop and land
use database for Canada. Energy, 35(5), 2261-2269.

El-Kawy, O. R., Raed, J. K., Ismail, H. A., & Suliman, A. S. (2011). Land use and land cover change
detection in the western Nile delta of Egypt using remote sensing data. Applied geography, 31(2),
483-494.

Falahatkar, S., & Hosseini, M, S. (2017). Predicting CO, emission hotspots due to land use change.
Journal of Natural Environment, 70 (1), 139-148. (in Persian).

Fatemi, S.B, & Rezaei, Y. (2017). Principles of Remote Sensing. Azadeh Publicatio
Persian)

Fischedick, M., Roy, J., Acquaye, A., Allwood, J., Ceron, J. P., Geng, Y., ...

Foley, J. A., DeFries, R., Asner, G. P., Barford, C., Bonan, G., Ca
(2005). Global consequences of land use. science, 309(5734), 57€S5

ter, S. R.,

Grecchi, R. C., Gwyn, Q. H. J., Bénié, G. B., For I, F. C7(2014). Land use and
land cover changes in the Brazilian Cerrado: A pproach to assess the impacts of
agricultural expansion. Applied Geography, :

Hoque, M. Z., Islam, 1., Ahmed, M., Hasan, S. S., . A. (2022). Spatio-temporal changes
of land use land cover and ecosystem service i@Poastal Bangladesh. The Egyptian Journal
of Remote Sensing and Space Science, 25(1), 173-T8Q. https://doi.org/10.1016/j.ejrs.2022.01.008.

net flux of carbon to the atmosphere from
changes in land use and land m 2000. Tellus B: Chemical and Physical

J., ... & Lin, T. (2020). A deep learning approach to
corn yield estimation: A case study of the US Corn

conflating heterogen@s geospati
Global change biology, 26(3), 1754-1766.

Belt at the
https://doi.org/‘ 11/gcb.1

Khachoo, Y.H., Cutugno

n stocks and economic implications in Calabria using Google Earth
4(17), 5836.

n, Q. (2017). Spectral—spatial classification of hyperspectral imagery with 3D
al network. Remote Sensing, 9(1), 67.

convolutigna

Lillesand,ﬁefer, R. W.,, & Chipman, J. (2015). Remote sensing and image interpretation. John
Wiley & S.

Magazzino, C., Cerulli, G., Shahzad, U., & Khan, S. (2023). The nexus between agricultural land use,

urbanization, and greenhouse gas emissions: Novel implications from different stages of income
levels. Atmospheric Pollution Research, 14(9), 101846.

Mousavi, S. M., Ebadi, H., & Kiani, A. (2019). Provide an Optimal Deep-network Method for
Spectral-spatial Classifying of High Resolution Images. Journal of Geomatics Science and
Technology, 9(2), 151-170. (in Persian).

Murugan, M., Selvaraj, R., & Nagarajan, S. (2022). Assessment of land use land cover change
detection in multitemporal satellite images using machine learning algorithms. In Cognitive
Systems and Signal Processing in Image Processing (pp. 27-45). Academic Press.

Engine (G
Li, Y., Zhang, H.,

Ramankutty, N., & Foley, J. A. (1999). Estimating historical changes in global land cover: Croplands
from 1700 to 1992. Global biogeochemical cycles, 13(4), 997-1027.


https://doi.org/10.1016/j.ejrs.2022.01.008
https://doi.org/10.3402/tellusb.v55i2.16764
https://doi.org/10.1111/gcb.14885

Ranjbar, A., Heydarnejad, S., Mousavi, S. H., & Mirzaei, R. (2019). Mapping desertification potential
using life cycle assessment method: a case study in Lorestan Province, Iran. Journal of Arid
Land, 11, 652-663. https://doi.org/10.1007/s40333-019-0064-z.

Rehman, A., Ma, H., Ozturk, 1., Murshed, M., & Dagar, V. (2021). The dynamic impacts of CO2
emissions from different sources on Pakistan’s economic progress: a roadmap to sustainable
development. Environment, Development and Sustainability, 23(12), 17857-17880.

Salem, M., Tsurusaki, N., & Divigalpitiya, P. (2020). Remote sensing-based detection of agricultural

land losses around Greater Cairo since the Egyptian revolution of 2011. Land use policy, 97,
104744. https://doi.org/10.1016/]j.landusepol.2020.104744.

Seto, K. C., Glineralp, B., & Hutyra, L. R. (2012). Global forecasts of urban expansion to 2030 and
direct impacts on biodiversity and carbon pools. Proceedings of the National Academy of
Sciences, 109(40), 16083-16088. https://doi.org/10.1073/pnas.1211658109.

Shojaeeian, A., Mokhtari Chelche, S., Keshtkar, L., & Soleymani Rad, E. (2015).
Performance of Parametric and NonparametricMethods in Land Cover

Geographical Data (SEPEHR), 24(93), 53-64. (in Persian).

Taheri Dehkordi, A., & Valadan Zoej, M. J. (2021). ClassifiS@tion of croplan ‘ng sentinel-2
satellite images and a novel deep 3D convolutional ural (case study:

0). ComfDarative evaluation of
T 1987-2016 (case study: Amel
ing, 27, 149-166. (in Persian).

urban sprawl with emphasis on land use changes ng thegeri
and Babol cities). Journal of geography andwibar-reg
Tejaswini, M., Pranuthi.P., Ravichand, S., & Anur:
convolution neural network. In 2019 3rd Inter
and Aerospace Technology (ICECA) (pp. 791-797R
United Nations. (2018). World Urbanization Prospects
of Economic and Social Affairs, Popul@n Division.
Wang, J., Bretz, M., Dewan, M. A. A., &
use and land cover-change (LULCC):
Environment, 822, 15&59. https:/Nloi.org/
Wang, Z.B., Chen, J., MaonS.C., Ha
Comparison & eenhous
production. Jourital o

Tahmasebi Moghadam, H., Ghaed Rahmati, S., & Sh@okhi far,

status, challenges and prospects. Science of the Total
1016/j.scitotenv.2022.153559.

Chen, F., Zhang, L.F.,, Li, Y.B., & Li, C.D. (2017).

Production, 141,1267-1274.

Yang, C., Rottensteiner, F, eipke, C. (2018). Classification of land cover and land use based on

works. ISPRS annals of the photogrammetry, remote sensing and spatial
information scie 4,251-258.


https://doi.org/10.1016/j.landusepol.2020.104744
https://doi.org/10.1073/pnas.1211658109
https://doi.org/10.1016/j.scitotenv.2022.153559

