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Table 1. Spectral bands of the Landsat8/9 OLI sensor
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Fig 4. Mosaic of Landsat satellite images of Qom Province

(il I Slle s W3 31 o 8§ L s
LS 5l 4l

Mu&u,)@ugu&d\ﬂzf\;ﬁ@&z °
A eslanal il Sley slassl s

L«L;J" 6_)-3‘ &Lﬁbﬁjw Z&Lﬂil oMol e
el wlojder ooy b ks asly zlbr el

Gl sl olyee "NDBI  °NDVI _ib cls_asls
s DLl g bl 5 (ALS s s sl A
S Gkl b UL Sl eslized L (1 kel ) NDVI
5o bl sl (NIR) s s s 5 Red)
NDVI coze oolis (Y9) A arlows ALS 2y oS15

J&qu&sjﬂ:l}x)rju AL il g ediasOlis

4 Ground Control Points

3 Normalized Difference Vegetation Index
6 Normalized Difference Built-up Index

7 Near Infrared

ka5 g S Al Gl ks Al

(YY cQ) >4 ﬁ) J"‘f J-‘L‘:’j S 6));*‘5

R F L T S S )
5 o sbatd 5l edigl sl (GCP) s
b me 2L Sl 4 GPS laosls

BTN

JUR WSS H L GNP GUPSCH JUFS PN TR e

SVt s S5 il pd Sl (5 S S

VY



S ‘5|aJ|_,AL° ﬁ‘gw J' Xy la ‘.5 Ol BL) Cﬁ‘) U:"':ﬁ: CJU::.U ‘5)LAJ~\A 5 L!fu’:"-‘o'-

00 0F) s Ol Jlasl Slas wile z gla i,
sl e e laats Jols sdaze mlie | el glaesls
ol (Y Jsd) L 61)1@? S Slalie 5 ol
NSy COROD) ot o5 ooy ponr Laesls

g gllia YU cis b el gla WIS B ius

hal b 4T mls pslas (sduail 53 45 el S 0LLS
RBF 1) gtwaids Jde gla el b ol 3 o8 555 0 axiS
sl asls calke e sbedls L L L e mh.:
Jhe 035 alg bl 4 & ol sl b 55 T sl
S 3303 g ol s (laosls 3l iz glaesls 3l eslizl U
iy gl b mesliel Gl dslde glajax L
L sl eVt b oS ol LS oo o gtuaib
bl 82 SVM i jlael iz ol 3 S o Gl
S YO YN0 gladle s centd sl gauaib o35
sladle @l LS ol A bl LS ol L YTY
Ly v/AQ 5 v/ AV slie 5 s YaTY 5 Y014 Y10
el (¥ Jsds) ol Jae (YL 35 5 S oS ols oL
53 bl pislas Jow 6l SVM & s o sl il

(10) ol ATl (3 e i bl

abyl;) NDBI s alS g 05 ble sdiasplis
LSzse Frsb skl Lab SU3L Sl eslinad L (Y
Gble plubis gl (NIR) os g s 2 5 (SWIR)
GV sl (Y0) W aslbes aBlianws 5 oddantle

oLl b GbLe @ b olie 5 (54 Gble « NDBI

.J\.}J‘J
NDVI = NIR-Red 1
~ NIR+Red [1]
SWIR-Red
NDBI = - —— [2]

AJ 5 ArcGIS Pro A5le 5 53 NDBI s NDVI gleaiss
5 A G Sk o BLLIE LA S 5 e s
Gl 3l Sledb! laaiss gl s s (6 s anw s
U PO O VI S B PYCIN[PERCH W PR PP

robal gauaid (&

g IS lalis 5 glolsale slias gtvaids (ol
o p oedle g (GUl (AL sy o L) e
e 53 "RBF) eli as L (SVM) Ol
3L bl s & iy onl () <a, L8 4 ENVI

QWEﬁdzjuw%w&}ﬁbdujfdjb\&

bisal Bals gl LY Jgar

Table 2. Types of training data

Ol 55 o3ls ¢ 5 0315 ae

Lobls 5 &1 «$500LaS (B (s 4 Ghle Jula O by A Err Al
Had Dk Fedzmn (A8 aluld ¢l o e glgn pslas =l polas
=S5 L had i b (g el sl Sl Slaalis Sl slaesls
Loz, 81 B30l sl gt 15 sl o) gl sloolgale slaeals

! Region Of Interest
12 Calibration

13 Validation

\ax

8 Short-Wave Infrared
9 Support Vector Mechines
10 Radial Basis Function kernel



VECE Ol (pler ojlod /pas3LE ) anb a3 bl SAoMbI Sllu 5 )53 51 Shomis

LS o e bl y <35 Ol . ¥ Jpi

Table 3. Accuracy based on Kappa value

LS s 2

Ju

+/NO

+/AY

+/AQ

LoYorr Jlo @l sddiwie 48b  ammlasl <l 5
S ol s 4 AD LS o i 5 i aglie aBls laesls
o Sl dde ol cenl de YL s sdiaspls
Glakis, welsl (55 Ll eslizad YoV Jle b &l i

alie n e gl 5 isS
el g, ool 5 ((T_

(G e LSS 5 ke O o6 e Ul Ol sen
S e ik Mg U cwdd pglas 6;}%«? Bl

XS o a3 L YTV Il ol 3 Ol 5 e
o glaasly

5NDBI ; NDVI b janls i Lol sloaii L
Gl S g 5 5-F gla JS8) sl utuaihs mls
YoTY G YO0 sladle b o3 Olal )3 ey iy i
B YN0 sladle o alS iy colus 5 S jasie |,
S (Aoy3 YV (288) w e e ghS Ave 4 AYY 51 Y14
3ol mbe 2l g sl Jlecis s biee o wcsly
Sl s oLl oslis il Sl glac Il L
Ol g eols Cad SSUS 5 (555 e Gble 3 5l
Oligh esls Slgsran (V4) O 5 Sl asdllas U sl

S AL MRV S P P 0 Ele shes 00 Jals

S5 dhe s S DR Gate s soled e Gl
EDRISI SelVa )‘JB\CJJ DL )SJ? d)l.w 9 &JjS)Ld °ﬂ'>"")
JL«J’-\ w;b )\ oslaiul L ngS)LG af:>u) (\Y) AL ‘_17-‘

(AL () e S SIS e Ol sy (Jls
55 aeloas TOYY 5 Y0 s b slaesls pull 1 (il

OY) cnl 5 abasly o gemds B 9S Lo 6 i3 dslae (V)

el QU Qo g S T 5 g 0 3 i

5 Sles 56 a0l) o 3 Jlasl b L8555 Jske
bl anslie 31 sl Jaat g 5l .(VF) 5 S (g5luad

Jols e il 5 A5 2] Sl YOTT 5 Y000 e suei b
IJu.Jﬁ J'i) b)b.a
Dok 2 ki 2 5slmn SIS 56 Slen @
Lls &)go 5 g ed o Sl dsbe Lus i)
(GBI s 6 e slad s

ot Lile b Glacussdon e bl s @

Aol 53U ey 608 aS e

V¥



S ‘5|4J|‘9AL6 ﬁ‘gw J' Xy la ‘.5 Ol BL) Cﬁ‘)' U:"':ﬁ: Q‘J::"U ‘5)Lﬂdu\ﬁ 5 L!fu’:"-‘o'-

OLer 5 Ly el ol andllas b avslie 355 oo 03y S
L S 5l W G slaosle ns ads S 0)
Sl bl el aelsl xS glaans 5l s, opl das e OLES
S Ld s glaeSs s s 4 YOYY=Y 10 o3 s of

el 03 g2

) o e kS V1 F0 V0550 51 UL bl L
S il 2 5ol b 4 VYR B Y0 b (Lo N F
S & Sl Bl il S e lasOlis ol (S
anlllas glaasl alin (g cpl il b g ail 5o (6 4
S Wl e eme St bl s (1)) g 5 s
I e RTINS

1> 5 B amas 5 sladaly 03 oSS

Shdadls Jad e Sldl 5 edBl glaslis w1y of 5 s S
Sl gl 5 Lad sl S L 55 LYY L Y4
gé\ja )\ bl 6@4.&[;;: E) 6‘“)14-7’ é)[.:j J:']@ L;';:ﬂv\ﬂ
d'fbb B aﬂ)m gg:,..;f)l.; CJAJZA},L;/\YO MOALS J';.\J:}:
%w(wbyw;%dl.})\iﬂg&icbg&y
L5 S S S il pslte 2alS &S () Al

el o M ke 5 edasOLES

OV 4 YOO Jle kS YVY 5l e sble
ol oals C)Wéhﬁjﬁjrjj@@bﬁﬁbw
53 (Il 5 ) 358 BB 2 ol IBIL S 228
drw d (Camer Ay 4 Op dagle NDBI shais

S drw 5 sacalan 5 (Lbals )8 5 laeslr) biestla

[ (A AP ER R A BT PR T glo;'ﬁbeMJJ

I 2

‘_;;JJ..T sleeals
Yeyy

Aol Al g

—

i al
NDBI ; NDVI

aalinad b ganazl
SVM ;i

UéJ_..T sleasls
Y14 5 YN0

ot el W Sl gbats dae gl J
LA A S P 1 VAR 5YN0 ) CA-Markov

.‘;—d?u: 3 U;'a}) QJ\?}U A JS.&
Fig 4. Methodology flowchart

Vo



VECE Ol (pler ojlod /pas3LE ) anb a3 bl SAoMbI Sllu 5 )53 51 Shomis

S0°0'0"E. 50°30'0"E 51900"E 51°300"E 5290°0"F.
N
S
’ -~
z
2 £
& ’ Pt E
2o
- , ‘\
?
=
&
g
3
Legend
. ity
I Green 0510 20 30 40
Desert e —" — (oM eters
S0°0'0"E. S0°30'0"E. $190'0"E 51930'0"E 5290'0"E
Y0 Jl gunard aik F JSJ
Fig 5. Classification map for 2015
S0°0°0"E. 50°30'0"E. S190'0"E. 51°300"E 5290'0"F.
N
A
w E
S
z L R ,' ;
E . T - \.'\{‘
@ q %
iy
% e gﬁ
o b, 0.’
PR #%
g
e
. A
z > », ’
= P 0
2 ' : - [
2 . g w
' 5 ‘_.I ‘;.
e ¥
g >N :“ ¥
Legend b A L
. ity
B Green g 051 20 30 40
Desert e —" —(ilometers
S0°0'0"E. S0°30'0"E. S1°0'0"E 51°30'0"E 5290'0"E

YO Jl gduaib 025 0 JSS
Fig 6. Classification map for 2019

35°0'0"N

JSLIN0UN

35°0'0"N

JLIN0UN

\%4



Sk ‘5|4J|‘,AL= ﬁ}LﬂS J" Xy le rj Ol BL) Cﬂ‘j u&&x CJ',::.U ‘5)'L0‘JJJ 5 wui:g‘

S0°0'0"FE. 50°30'0"E S1%0'0"E 51°30'0"E 52%0'0"E
N
S
»
z » z
£ & % £
g — 2
& Z
> &
¢
S,
e
U 3
» - 3 ™
-2
LT,
Nt
z RO ')/ 235, z
:: L - o - 5
g oy, s .
3 2
? Sl v
.
r l‘ g
':". 2.9
Legend | S I PR W
et Wiy ;
- iy .
I Green 0 510 20 30 40
Desert H_ Kilometers
S0%0'0"E. S0°30'0"E S1%0'0"E S1930'0"E S529'0"E

VY Ol gduaid a2k 5 K2

Fig 7. Classification map for 2023

.(@,a;.a‘,.\:S) s sbdlu js il bl colaw F Jyus
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Abstract

Modeling and predicting land cover changes are
essential for sustainable land use planning and
natural resource management. This study aimed to
analyze and forecast land cover changes in Qom
Province using Landsat satellite imagery from 2015
to 2023, with predictions extending to 2027. The
Normalized Difference Vegetation Index (NDVI)
and Normalized Difference Built-up Index (NDBI)
were calculated to assess vegetation and urban
changes, respectively. The Support Vector Machine
(SVM) classification method was employed for
image analysis. A hybrid Markov Chain and
Cellular Automata model was used to model
historical trends (2015-2023) and predict future
changes (2027), validated with a confusion matrix
and Kappa coefficient (average 0.86). Results
revealed that vegetation cover decreased from 822
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to 800 km? (2.7% reduction) between 2015 and
2019 but recovered to 825 km? by 2023 due to
improved management and climatic conditions.
Urban areas expanded from 37.7 to 51 km? (35%
growth), while desert regions declined from 10665
to 10650 km? (0.14% reduction). Forecasts indicate
that urban areas will reach 56.1 km? by 2027 (an
increase of 5.1 km? from 2023). These findings, by
providing precise change patterns, enable the
implementation of rangeland restoration programs,
policies for controlled urban expansion, and
optimized water resource management, critical for
ecological balance in Qom’s arid climate.

Extended Abstract

In recent decades, rapid population and economic
growth have led to increased use of natural
resources and changes in land cover. These changes
have not only affected natural ecosystems. They
have created serious challenges for food security,
water resource management, and environmental
sustainability. As one of the sensitive areas in terms

of biodiversity and natural resources, Qom Province
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is a suitable example for studying land surface

changes.

Modeling and predicting land cover changes is a
must for land use planning. The combination of
Markov chain model and cellular automata (CA) is
used as a powerful tool in modeling environmental
and temporal changes, especially in remote sensing
studies. This method, using probabilistic models,
models changes in different states based on the
transition probabilities between these states and is
proposed as a key tool for applications in land cover

change analysis.

The aim of this research is to model land cover
changes in Qom province using Landsat satellite
images in the period 2015 to 2023 and predict
changes until 2027. For this purpose, normalized
difference vegetation index (NDVI) and smoothed
building index (NDBI) and support vector machine
(SVM) classification method are used. Also, by
using a combination of Markov chain models and
cellular automata, the land color change trend from
2015 to 2023 was modeled and changes were
predicted for 2027. In this regard, ENVI software is
used to extract device indices and classify satellite
images, and EDRISI Selva software is used to run
Markov chain algorithm and cellular automata to

simulate and model land cover changes.

The results of this study showed that urban growth,
as a dominant trend, is affected by various factors
such as population growth, infrastructure
expansion, land use change and management
policies. The urban area has increased by about

13.23 km2, equivalent to 35%, between 2015 and

2023, and this trend is predicted to continue until
2027 and reach 56.1 km2, which represents another
10% increase compared to 2023. This rate reflects
the continuing trend of urban development and
indicates the increasing pressure on natural
resources and the necessity of smart land use
management. The results also showed that the
vegetation cover of the region decreased between
2015 and 2019, losing about 2.7 percent of its area,
but recovered in 2019 to 2023, reaching about 825
square kilometers. This trend is predicted to
stabilize and the change in vegetation color will
remain at the same level until 2027, which indicates
the stability and management of natural resources.
This stability can be attributed to management such
as natural resource protection programs, increased
public information about the environment, and
sustainable agricultural policies. In addition, desert
and mountainous areas have undergone minor
changes and remain at about 10,665 to 10,685
square kilometers. These areas are predicted to
decrease by about 20 square kilometers, equivalent
to 0.19 percent, by 2027. This decrease occurs due
to the development of urban areas and the change of
land use to urban development. This trend indicates
that some desert areas are being converted to urban
areas, which could have implications for local
ecosystems and environmental sustainability. It is
worth noting that changes in desert areas can lead to
changes in local climate patterns, increasing land
surface area and reducing the area in which moisture
is retained. This can have a domino effect on

surrounding ecosystems, such as changes in wildlife
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habitats, decreasing soil quality and increasing

erosion.

This study showed that land cover changes in Qom
province, in addition to affecting the environment
and quality of life, have environmental messages for
biodiversity, soil and water cycles and air quality.

The significant increase in urban areas, equivalent

to 48.8% from 2015 to 2027, and the sustainability
of vegetation are among the key results of this study,
which is based on the need for smart management

principles and policies in sustainable development.
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