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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.
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Table 1. Description of land use classes utilized in the study area

o 5 b

Description class

Wy, 5 ol slag b s ks ST glaT lls bl oyl of

These areas contain natural open water bodies, such as water bodies and rivers. water

Llodd JSCES e 3 5l il Ol 53 51 5 A g e i (Sle 23 iU L Ghle oyl K

These areas are characterized by dense tree cover and are composed of trees taller than two meters. forest
231y sl el bs, s e s olastla daale IS asle [Kos slacatla 5 331 oS Ladlsans 5 odls slaoletla foli 5K

s o gl s residential

These areas include permanent and semi-permanent structures that accommodate people and other infrastructure,
such as factories, buildings in cities and villages, or commercial centers
Jﬁfﬁb—@éﬂbﬁ\ﬁ&bmd\?}?L;jo;}.;j)zfﬂ@ub)‘wﬁéblb\ﬂijzé\sc}a.uuﬂn)lijwbjo}sj\rﬁ\ cjn
This includes mountains and slopes or flat land covered with wild herbaceous plants during the grazing season, Range
and is commonly recognized as rangeland based on grazing history.

lody 55 0Lt 55 Oles 53 (10 QLS 5 5,05 5525 0diS 2 ooy ot 55055 Ol ¢l s &5
Scattered wild trees are present, and rangeland plants grow among them. Foresty
pasture
5 baals (s (gl oo bl bl 48 Aoss Sl 51 508 ALS SR b ) 505 el St o)l it o LSl b sl
Sy Lol barren lands

Land with no cover, abandoned areas, and land with less than four percent vegetation cover, including barren rock
areas, sands, and deserts.
Sasi S w g SIS (gl adlie 3 s e eslizul OLALS ol gl J s 6 O o ) O 33 &S (g5sliS o5 ol oS
A type of agriculture that uses controlled water resources for irrigating crops, specifically used in the region for Ir_agri
rice cultivation.

s Sl o (pAS Wl (g e (5Ll OLL ek ) b oS SlalS s > S
Cultivation of plants that are irrigated solely by rainfall, such as wheat, vegetables and so on. Rinfed agri
SLadS A agd Aoy 44 LIS o 5 IS 235 L (RF) e (o= Gl Y 5V o5 5e 30sske e 3 lakily
‘djé codsastle Lf‘a\)l ‘L}é? ch U’U% Sl J.AL.Z 6;1)[5 oslaiul .[YY’ )\-\] Sl o.LJ:A;’éJfoJ.Q.: LSJ@"':’ 9 )‘.’.L' wab\ &;.ﬂ.n
WW\oM&:&ﬁ(V)J.{JY'Y\ )\‘N/\)\‘M‘\LSLAJLA j:}" uf;_b 9 néjg K8 4@31.19 L;LLA “ C,.MM.: J'@“:’ BE a}_{j«{
atls  Ye¥) B4R 51 Loll 608 Ol puas s 5 450 4 Vol ol el S gl oIS saaab 3 SS& s ol
)ijS)LA DJ»:}UJ JJw)‘ abLl.Lw\L»erJ M‘y k:»?‘L\N‘)‘}E—v“ 4Ll &.‘)3‘_5 up)‘),o ;,<.;.§L? S5y S CLL?)\ R cbj}bi! [VA
&:M.»:‘ ol 43‘)‘ (Y) g}gaj/‘)é )Ls JlS bbu.';w\ ()j.IS LSJ‘JJ:NT 9 J’*:"‘b CL..A OLGJLN) \qu JL« DL
L;il‘i}i W} 9 pr\)‘ Lgf)Li Qlﬁ:x.}' Cj.: u.a;-u 93 )‘ o&ﬂbj\aémlbmj\ﬂjwai/\ CMJJ,LJ;
)‘.,\.5.6 “ J’p‘)‘ 6;:)5 Q‘J:.:JG CJ.: A eslanad M;JUGAQ))A J"‘)\ L;f)lS 6&0:\) 48 gezms o ‘-;:;«—\M g;’L.’J)l 6‘J.a o
S $lp sl colie 6 cod ol Jols g5, el LSRR RN L N IV [ DS B1 - U S W p-N WA S
CJJ'.':44.QTM[};AJ}AJ_Z).[/\]J)‘J.:)L.fs\ﬂ)})&ﬂ)béﬁ)lfﬁ_}} >lmﬁ@wau§@@apdu»\jm@qég@
1l Vbl Sl laid e LS SL5 5N Ae )5 A4 Wsed gladsly IS
c Az —Au) 100 (V) i, 553@&{3?&)}%\)‘41!&%6“&{@ Sleslanad by B0

=%

Atl

S comlew A w5l S ol s + 5 C 1 s S
) > i ol PN SR Slm Dl 2 1. Pixel-Based

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


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

[ Downloaded from jwmsei.ir on 2026-05-31 ]

N gladle bl g 8 slaaiidol jon 4 ot L3l a
MOLUSCE €33l & (g Y0 SS& &35 L YeY) 5 YorA
St ol sy 5 bl lS e 428 b LS sl
P éﬁ)lsémmwwdw\ Sl s aile
A 3l Oy Sier 2 Sl bR slaadle
e VB =) 5l cnl s O et s S Qs o
dhaly sy lae 4 L Sio bl cae il ST
(oS osas alaly) =) L (oS adasl ) +) Ll STecd
V]S o S Sl Jlsl jaseis 4 slie ol (il
Colus & yuss Ao ys MOLUSCE 5381 55 (gl (:lf 33
ag Jsl dla=l e Sl 5 A (S el e o S s
S S Sl e b gl JoSy S e Sle s S
il agssl b cepl Ol e e OLAS s 608 @
b ca s VoYY 5188 Gladle gl | dilae Sl s
ke gla iy, 5l MOLUSCE @580 caas o a1 Ciluses
eslizal bl olS Jsl Jlaml sty 3ladis ol
30l (ANN) (o smn nae a0t Jold Lty cpl S oo
Send 3reS5 5 (WOE) aaly 035 (MCE) sbnin
s S oy 5l eslaal b aS caalas ol 5y .ol (LR)
S8 Jsl Jle=l iy 3leddls & (ANN) o gizs
el Gl ik s Ol ol gl astls LSl
SaS L s Jlasl Jhal o b 5l candllaes ) g0 adlas 5o
ssrse ol 6,8 kil s ulil 5 s MOLUSCE 4550
U5 QU Jlam) e sl 5 eslinad Ll sls ine
ol 8 Slib s Sl Ol s Jlesa o s pwlal
o 03 1 bk 5 5 b Sle dodr la o S o L
IS (S5l g Se3l (a5 sl e 5 das e LIS S
Jlast o3l las oo slasesss S J s ks o 0L
o Konp polis s e Ol 1 s saaib 4 4k S
Oliies .ol ail SO DL o dias LS (g 8 laga s, 0> K
sl Ol s anslie g Jlil 5 e gl o Sle 51 2y
Do gilwans ali Sl 5o S e eslital il bl
S8 Slus o i Iy MOLUSCE €358 5 Jgle
ool Y8 YT ladle sl Sl ks i 5 2l
oo A eslinal caadllaesy se Olog 93 5l el gduail ) slas
anslie 5,50 VoYYV dlov g by o Jool 2285 L ods oo S 428
3:45) MOLUSCE J3s3le J 5 LG LUly Sl oS e 8 518
Sl B ot 53 (Bl o 5 8o slad sl
ol 6o i g sk 4 e 30 ST o5 B
oy okl i O bl 5 L S Gl 6,0l etk ]
S i e Sl e S aS sddagly Jde 4 3,8
S8 ik (sl o Cand g 5 p s o 4l Ol sea 194 L
e 3 S 15 esliiuls e olg Cuxs Olgea YoV Jl

VFoF o —FA 5 lons — o354 Jlw

v

Lows 6l g5 ol el Ay sty 5o 1y ey 6208 658
.M;doau,itz):
MYL\A Q\J.:A.x_? CJ; GMJQL.:..:J?JL;&\)‘ sz.:)ls Lﬁ"bﬁ 4>
Z[A]lea.,\.i&‘ﬂ“AJG{\))JASJSW}")M;,Q&J{)S
=(At2 _Atl)* (¥) bl

D¢
Ay 1 —t;

* 100

C,;-LW.AAN ‘L;‘p‘)\&fjlsg;ikiﬁ“}JAL’flch gOTJJ‘\S
BE Jﬁ\)‘ Lgﬁ)LS%CA}LwAAQ}tI BE dpb\ L;J,o)ls%

] t,

/ \ . e o ]
sbas bl [ el S S5 A ]
vy
ol il oot [ AL LBl 5 e 53 ]
S5l dols (T '_I
s Sl ol ool LaaudlS i I-bl a6 yd b ]
N, R —
l SIS S s aly oSy il ]
\ 4
ool K ]-b[ (YOXVX 0 A 04T Lol il gl (g )8 el ags ]

[ St g 5l eolel 5 sl l ]

|
v v

(ANN) Jlis! |l (s 5led ] [ Jou 5 (Saen L3 ]

[ I
v

TN (st a2 bl ]4—[ ok Sl sl ]

\

r

\

[ Y~i'\$¢'bl‘_§ﬂ)§ﬁjﬁ ]

Fn Sl e Sl g oY S
Fig. 2. Flowchart of the Research Implementation Steps
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Fig. 3. Spatial variables maps: (a) Slope, (b) Elevation, (c) Distance from water, (d) Distance from road, (¢) Distance from city
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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

able— )‘ AJ.,aU
Distance from road

ol 5l aols

[

Slope

Distance from water

Distance from city

S sl i
Spatial variables

Cw)‘
Elevation

0/58 0/17 0/39

0/44 0/15 0/22

0/02 0/52 -

0/09 -

CL&J Sl
Elevation
e 3l ol
Distance from city
g_.Jl j\ A.L‘ab
Distance from

0/68 -

water
Slope
o3l 3l dlsls
Distance from road

680000

660000

700000

N

o =3
=3 =
= -
=3
=
)
-

simulat_2046 simulat_2021

4000000

3960000

3980000

660000 700000
LULC_2021 A

legend
<;3 Water
“ Forest
“ Residental
(3 Range
Foresty passture
(:3 Barreland
¢ (\A/S Ir_agri
O Rinfed_agri

4020000

4020000

3980000

20 10 0 20 km

3940000

680000 660000

700000

394000D

660000 700000

AREA SR KR A Ju PL) JYU “d g u""J‘ 6,0\5 edﬁ@ﬁ&% K) ¢§|_, 6“@ -1 Js‘:‘
Fig. 6. Actual and predicted land use maps of the Talar River basin for the years 2021 and 204
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