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Extended Abstract

Introduction

Land Use and Land Cover (LULC) changes have garnered significant attention in recent decades as a key factor in environmental
and socio-economic analyses. These changes, particularly in watersheds, have far-reaching impacts on ecosystems and natural
resources. Understanding past land use changes and predicting future trends is essential for strategic, dynamic, and forward-
looking planning. Today, Remote Sensing (RS) and Geographic Information Systems (GIS) provide efficient, rapid, and cost-
effective tools for assessing and predicting land use changes. This study focuses on the Talar Watershed, located in Mazandaran
Province, which is part of the Caspian Sea basin. Due to its unique climatic and topographic conditions, this area is considered
one of the critical regions in terms of land use changes driven by human activities such as urban development, agriculture,
and deforestation. The present study aims to examine land use changes from 1996 to 2021 using satellite images (from the
years 1996, 2008, and 2021) and to predict land use for 2046 in the Talar Watershed in Mazandaran Province. Additionally, the
intensity and type of changes have been analyzed through a transition probability matrix, along with the rate of land use changes

and land use dynamics.

Methodology
In this study, maps and data related to land use and physical and socio-economic variables (including slope, elevation,
distance from water bodies, distance from roads, and distance from urban areas) were utilized. Landsat 5 and 8 satellite images

with a spatial resolution of 30 meters were used to prepare land use maps. Data processing was conducted using the Google
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Earth Engine platform, employing a pixel-based algorithm and the Random Forest (RF) method with a Kappa index of 99%.
Various indices, such as NDVI for vegetation, NDWI for water bodies, and NDBI for barren lands and urban areas, were used
to enhance land use classification. An Elevation map was also used to improve the differentiation of features. Land use maps
for three time points—1996, 2008, and 202 1—were identified and classified into eight categories: water, forest, built-up areas,
rangelands, forested rangelands, barren lands, irrigated agriculture, and rainfed agriculture. For land use change analysis and
prediction, the MOLUSCE plugin in QGIS software was used. The analysis of changes from 1996 to 2021 was performed using
intensity analysis and transition potential modeling. Additionally, predictive modeling for 2046 and its comparison with the

current situation was conducted. Analyses were based on transition probability matrices and the Kappa index.

Results

The analysis of land use changes revealed significant transformations in the study area from 1996 to 2021. Specifically,
the extent of forested rangelands and forest areas decreased by 20% and 9%, respectively, while built-up and rangeland areas
increased by 34% and 23%, respectively. The rate of land use changes indicated that rangelands and barren lands experienced
the most significant changes from 1996 to 2021. Positive changes were observed in built-up and rangeland areas, while negative
trends were evident in forested and water body areas. The transition probability matrix showed that rangelands and forest areas
are among the most stable land use classes, while barren lands are the most unstable. Land use simulation using the Markov
chain and Cellular Automata (CA-ANN) model for 2046 predicted further decreases in forested and forest areas and an increase
in built-up and rangeland areas, indicating a continuation of the current trend. These changes are primarily due to the reduction
in forested rangelands and forest areas, influenced by social and economic factors, and indicate pressure on natural resources and
the risk of biodiversity loss. Additionally, there is evidence of increased construction in dried-up water bodies caused by climate
change, as well as a decline in forested lands. Each of these changes may have negative environmental consequences and could

potentially lead to natural hazards in the future.

Discussion and Conclusion

In this research, land use change modeling was carried out to evaluate the accuracy of the Markov chain model and Cellular
Automata (CA-ANN) of the MOLUSCE plugin using the Kappa index. The results of this study demonstrate the model’s acceptable
accuracy in predicting future land use changes. The findings indicate that land use changes in the Talar watershed are significantly
influenced by physical and socio-economic factors. In particular, the reduction of forested lands and wooded rangelands, along
with the increase in residential and rangeland areas, underscores the need for periodic assessments of natural resources and
efforts to plan and enhance these resources. The expansion of residential areas and the fragmentation of forested lands and
wooded rangelands may lead to further environmental degradation and hydrological changes. According to the predictions, these
pressures will persist in the future; therefore, the formulation and implementation of effective land use management policies and
sustainable development strategies are essential to mitigate negative impacts and maintain a balance in natural resources. This
study emphasizes the necessity of precise evaluations, strategic planning, and the adoption of appropriate strategies at both local
and national levels to reduce forest degradation and preserve biodiversity and natural resources. Furthermore, the findings of this
research can serve as a foundation for similar studies in other regions, aiding in the improvement of environmental management

and sustainable development in vulnerable areas.

Keywords: Detection, MOLUSCE, prediction, simulation, Talar, land use change dynamics

Article Type: Research Article

VEoF Lo -5A 5 e~ 03555 Jlw A ol o5l it 5 o5l


https://jwmsei.ir/article-1-1175-fa.html

[ Downloaded from jwmsei.ir on 2025-12-19 ]

Acknowledgement
We would like to express our sincere gratitude to the University of Sari Agricultural Sciences and Natural Resources for the

logistical supports who significantly contributed during the research project.

Conflicts of interest

The authors of this article declared no conflict of interest regarding the authorship or publication of this article.

Data Availability Statement:

The datasets are available upon a reasonable request to the corresponding author

Authors’ contribution

Shamim Ahmadi: Writing, Original draft preparation, Statistical analysis, Map preparation
Ataollah Kavian: Visualization, Supervision, Conceptualization, Methodology

Karim Soleimani: Resources, Manuscript editing, Formal analysis and investigation

Kaka Shahidi: Formal analysis and investigation

Abdolvahid Khaledi Darvishan: Resources, Software, Manuscript editing, Formal analysis and investigation

Citation: Ahmadi S, Kavian A, Soleimani K, Shahidi K, Khaledi Darvishan A. Assessment and Prediction of Land Use Changes Using a
IModeling Approach in a Geographic Information System Environment (Case Study: Talar Watershed).jwmseir 2025; 19 (68 : 17-31

Iran-Watershed Management Science & Engineering, Year 2025, Vol 19, No 68, PP 17-31

Q0

Publisher: Watershed Management Society of Iran © Author(s) [\~ By _NC__|

VEoF Lo -5A 5 e~ 03555 Jlw 1 ol o5l it 5 o5l


https://jwmsei.ir/article-1-1175-fa.html

[ Downloaded from jwmsei.ir on 2025-12-19 ]

ES)L.:JM O}S“g)j‘ ool b;‘_sbb‘ gSﬁ)lfQ‘M ‘_53.3&%’5‘5»))3
(LYG Jgu' 039> (SS90 axltxe)

bb\.ig})b 6~\Jl>' .A:-‘)S‘J.:.Gc *GMLZ K5 ¢ ru’;l.a.:l.» ﬁ;cm [)lg_)lfd\lb_cc ‘6-:\.‘»."-\(..;.@..3
VECF/F VA L Ll ey B VFRT ANy el VFRTY /Y G ls e yB OB F ST 3L s 56
https://doi.org/10.22034/19.68.2

NS>

Gy g3l glaans 53 sbadl- ploixl 5 gewjhaow SY u p S5 else 51 S Ol gea (LULC) o)l 6258 5 b g Ol s
RO 8 wslf glaky, el uigls Lﬁb@jbrﬁ 9 b c\.&f &los puS Qlﬁ.’;;\S ;,;:ui Slro) = 53 ot Ol s pl 5 gd
J”,”:"" 6[&63‘3 %SJJ j‘ cantao ;ﬂ‘ BLJ e cb.a 4;?6-.\ C_ﬁﬁ-hj)‘-&‘% ‘su‘sﬁJMUﬁ [ BT L?“L“ d\f g&‘)‘ ‘_;}3)\5 o.xqj W}
(Y1) u.ﬂ Sl y @ﬁ‘;ﬁ’j(*'*\ G Y441) 4\2.35.)5 JS})J.Jw'd‘ﬁ J\a‘j ‘5}3)\5 Q|ﬁ._\'.z.? 6}@;’#‘5@\:3‘)» QL&W‘W;J‘gaﬂ
AS,_S&’IJC)JJEL:AJO \:ﬁdu‘j 6|°J‘fbﬁjw 4&‘)‘ 6ﬁ)\s 6“@%)#@“ a;\.5.;~| C}‘)JU’).LG (J‘Qw‘)b é‘})YU};ﬁqi 03_9?-).5
Google jus ;3 (RF) slas | ‘.:.u_,fjl Sheslimal b guuadd g ok G5ls, (YoYY 5 YorA N44T) b chiaw,;,u\“ P
S 5 oSS b Bl e @ g cekda b SR (DT WIS A s Sl (68 slaats A ¢lwil Earth Engine
S ULl s o, b Ol mdd S f 9 oWdde QGIS ks ;s MOLUSCE &g3531 51 eslanal b e (AS gdaid o alulis 3
MJ:»Y' jﬂ %;@ﬂ:&é|fjﬁqwbb|chﬁd"'\ G V441 U'LJJ.‘»ASAH ol @bw;QJy(CA-ANN)MM_
}d"sf d@b‘&f:;wa&awb‘ 6).3)& Q‘J.:.ﬁ Cj Sy Ju“."..él._i_ U:"-’JJ';‘ J..ﬂ;.\“"}"’i g...:SJSAf ‘;%sf"‘-;’}gmﬂ ;;é‘ﬂ}ui'&ls
Nw‘jjbww\defs Ly, f}LLa J‘ ‘55‘:-,.1" £ JL.« ;s""d""" M:u»gtma |qu|f~u Ly, QJ 6"‘“"‘9"3%"
EELEY) d‘b;JS.}_’d))}L.S 46)4.“ W}: Ad..m})‘ L;’L'“"‘ JA‘}.GJ...:\J\,:U l:Jw.F ub....u u.i‘ ! JU)‘}“’*“\-’L‘ dbLﬁ)) w}‘f‘
SIS sl 5 (53,85 Sl a0l p (511 (b Ll or adlllas )l gl gy Sledbay rmb il 5 (G p 08 Sl g S
A5 b e 5l Bl 5 b dre 5 gl 5o S

g5 1l c‘,s

FANWCANA e s 0l ol gols sl wdiges wl.a.(ﬂllj J,ouT o557 (55,90 axdllas) (g5ludde 5SS, 5l eslanal U

YISV o A ol V8 653 A ErE b Olal ol sl wdige 5 p5ke

Qo8

[\~ v nc | O ks 5 © Ol (ol ol ezl 1,50

Olnl ol (ol oamb o 5 (53,5L5S ke oKl (gl sl (6585 (5 gl

b Ml;—éjbﬂcuj‘_gwjlmsfjb Liils - g5l dud)uﬁcujé))}wfy oK ((gls e a)JSALW,\ ol
Email: a.kavian@sanru.ac.ir :J giws sws 55 Ol 5! 46‘)ngéjbﬁu‘aj; b
b M\;—éjuwbcujéj))wfjb KLiils - gl JM;&)@N@L«:)&)}}LS(}L@ &.»J\Jc‘_;)‘bjoul o5 S slwk ¥
Ol ! ‘L;)Lwﬂ‘_;)\;ﬁulcj; b

b ,&”.J\;—L;)wabcujéwjl«vsfjb U] P W 5‘_;)Lwﬁbcuj§)))l..5¢jl.a SKiils g‘_;)l.sjoul o5 S sl £
Ol ! 56)‘.@56)‘3J¢u‘5j; b

(ot S aK..,_.b@..JacL.a Jﬁwlz‘(@ujcbl)\jbgf Sl G ke S a&;\;wbcu JL»J\JL&)\JJ»}U‘G‘};)[MJ‘)_
d‘j‘g)f‘d)l};&u\é};

VEoF Lo -5A 5 e~ 03555 Jlw i ol o5l it 5 o5l


https://jwmsei.ir/article-1-1175-fa.html

[ Downloaded from jwmsei.ir on 2025-12-19 ]

Sl pladde 51 S ol 39 90 MOLUSCE 4331 s
oo 5 Sl e b 0328 sk w ejs ) oS
C,LJ s osh e an S S 4 Sl 68 Sl sw i s
MOLUSCE 430 ["\] sl atils ol on 4 55 Jsd LG
QGIS ! (Monitoring Land Use/Cover Dynamics)
2Ll 68 Dl oS sa 2 Gl LSS 5 S, K
Aas e B oot sladde 5 sleslgale pslad 5l eslatal b
S eslizal b5 a5 lold 1 38 Sl ais ol b6l ol
s e SaaSid dle o gms hsa 5 bl sladus
IV s YTl i sl oy ¢ Jsho sULo 3l 5

5 e 55 b ladlate O3l Okl s VG sl os
(s A 55 Ale Ll SlasLibiad oS ol b K55S
Ol pxs o Y[ 5505 )3 ui\))dib.'j SoaslisS slac e
Sy eyl Ol Wlg o aden pl 53 L5 6,8
0] LSl b plbann s G noal 5 b ) cble-
LYoy y

Dl yts gy S Ly 2l G 0l 20l Cllas g a5
S8 ik g 3l eslaal U YU sl o5 2l 6,08
Cond s e e 5 (TY)) b 5 (1447 a8 S0
>J$J) 3hestaal b (Yo £ 58D Sl 5 d,él)\ S8
3 olwand ¢l (CA-ANN) T FEOWE JU.LN sbL gl
w5 S50 VB 55l 03 5m 53 Bl 6 lS S i
Ol s o i Oluadsl LB 5 s 2uldl b B, ol .ol
sl w1 bl S Sl ST gl s
3 2Ll 68 Sl il Sllld 4 s axdlas
o5 3305 5 o JWaml 5 Jlazl o 5le bl OF il a5
Jeksa s gl DWsle e L) by Gl
Aas e €l 0y Isb s ol @l olib Jusl ol
(52 G et Mo 5 STl s s aalllas ol (slaaily
53 Aol ol e 5 WST (65 aeb  gliwly 53 e o8
B350 sled 4 O 5 Oleg dm

5 OIS s (512 i) plaial; Ll 5 o dhol s
S e 53 Jsol 5 edoin Olaenas 351 53 Sde axsl
il sl

B 9593190

axllaes , godilai

27 Sl sbas = o Sage S S e 5l 0o NG 5]
oo Yo'y Jlai o, Y1080 YOOV s ol o
by ol Wlrag, ol sdd GBIy 3,8 b oY° WG
CACFT 5 o Sl S e kS V0T i Jib gLl
b g ad s p e Sl S e L e sl 05 5
sl il il 5 e e kS YHOY ws e JS el
5 et A0y sl GVl les 5 BL o Sle .l ze Yoo

VFoF o —FA 5 lons — o354 Jlw

AR

.

4o\

S ilazme 53 dS Jolse on Soge Sl S o2 St

(S5t st e 5 B S 5 e oS
Sy s opl w4l adls el s CudS 5 e &
oo 5 S ponel Sl 2L 5 S ek la Sl s e,
Olo cpl 53 [T 5 V0 0] ol S50 A @Lu Bisa
sl (GIS) LUl s Sl St 5 533 3l o
Loea ol 6 8 Ol s s e s 2bss Gl eS8
eslizal U ol 6, St Smiie 5 ey DA 5 V]
3 e Dlsd Sho g e B 0 5l Slaw )
D] as o il jlbane s glag sl mal (65 540l

Sledb| S EIL S e Sl eslatal b (g5l oladlas

5 o R S el 43S b e e
(Oldllae ol Cdel js sy 5 ol 6,8 Ol S
S5 ol e Olge 4 Sl sbadle s el A,
loag 5 b JSr Wl age GO lup s o 5 042
Jle gl [FY 5 Y4 YUXY 0V g 0] el e plubis ]
Cowddd ol ghuai b glar ulal o [YV] O 5 (ol
oy Jdo Sleslaiad 5 Y014 5 V00 Y VAV ladle & by e
QGIS Sl5le MOLUSCE 43381 55 855 J e 5 B S5
sl e oLl Gl DS b S 5 sileans w
sl s s a8 sl Ol adles oyl c,Lg s s e
FLofly (BSe la il s e as i Sl 5oL
el ek b ALS g Sl

5 Gloolsale glaosls 31 eslizal b V] opu o 108T andllas s
W i 5 w2l b s 6,8 Ol s ArcGIS Slsle 5
5 s el &S Wl LS 5 e S ey |y L Susls S
oalS ol Glawg S J- s sl e 5 BB 215 C?\_),a
p-"w)-@‘ 5 Cewdd pslad leslaad U Y] gde Llasl
Db 1y ISl Ol e 55 ey (5208 ol s ISODATA
ssb el ladle s sddantle bl 45 35 jw i 5055
D8] OKan 5 sl o3l S (23l il Sl g 55 G
w53 e 6,8 Ol s CA-Markov Jus 31 eslanal b
bl 528 48 W S o 5035 (3ledde |y 5550003
Sl 5slaS Ll Sl 4 e e 5 g e
ol gl Sldlas ol 5 s Sl e G s, (S sba
e Glos glaesly ys BN sy 5 08 el s
iy S oS e glakiy s o ol Wleds eslil
O 5bep s » Sl slac e b 5 Of b 28l (s5558
St Sl p lp 1) el sl Gla iy 503 S jasia )
IYAYN] Lle S wal 3 s Same S e 5 510

S (CA-ANN) 55 sladshe 5 GsSHlb oy Jde

1. Landuse chenge

Ol ool (owsias 9 ool


https://jwmsei.ir/article-1-1175-fa.html

[ Downloaded from jwmsei.ir on 2025-12-19 ]

660000 680000 700000

T EE I} TR

() &Lﬁi i)
(=3
&1 Value
& Fool 5o
= W

B il 2 10 0 20 km

N N wo a0 90 ko
N BN
660000 680000 700000 — S

O3k Ol 5 558 55 Y6 5ol i) S
Fig. 1. The Talar watershed in the country and Mazandaran Province
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Table 1. Description of land use classes utilized in the study area
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Fig. 2. Flowchart of the Research Implementation Steps
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Fig. 4. Land use maps of the Talar River watershed for the years 1996, 2008, and 2021
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Table 2: Land use area 1996-2021 period (square kilometers), land use area change rate, and land use dynamic degree
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Table 3. Transition probability matrix of land use types between 1996 and 2021
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Fig. 5. Intensity of land use changes showing gross increase and decrease in each class during 1996-2021
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Table 4. Pearson correlation coefficients for spatial variables
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Fig. 6. Actual and predicted land use maps of the Talar River basin for the years 2021 and 204
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