-
Journal of Iranian Water % Research Article, P. 87-105
Engineering Research NS o https://doi.org/10.22034/ijwer.2025.539914.1105

Monitoring historical changes in land use and water bodies
of the Urmia Plain using satellite images and the Markov
chain model

Mehdi Akbar Gharabagh', Alireza Parvishi*", Yusef Kheyruri®

Msc Student, Department of Civil Engineering, Ur.C., Islamic Azad University, Urmia, Iran
2 Assistant Professor, Department of Civil Engineering, Ur.C., Islamic Azad University, Urmia, Iran
3pPhD Student, Departfment of Civil Engineering, S.R.C., Islamic Azad University, Tehran, Iran

Corresponding Author’s E-mail: al.parvishi@iau.ac.ir

Received: 29 Aug. 2025  Accepted: 28 Nov. 2025 1

. . oriiminsns Homepage: ijwer.uoz.ac.ir
Revised: 23 Dec. 2025  Published: 22 Dec. 2023 =

Abstract: This study examines land use and land cover (LULC) changes in the Urmia Plain,
northwestern Iran, from 2000 to 2020 and predicts future patterns for 2040. Landsat TM, ETM+, and
OLI imagery were classified into six LULC classes—agriculture, orchards, urban areas, saline lands,
barren lands, and water bodies—using a supervised maximum likelihood algorithm, yielding Kappa
coefficients above 0.85. Results indicate a 17.4% reduction in agricultural lands over the study period,
accompanied by a combined expansion of more than 25% in barren and saline areas. Urban areas
increased slightly (2.3%), mainly around major settlements. Water bodies, particularly Lake Urmia and
its wetlands, experienced a severe decline and nearly disappeared in some years, reflecting intense
hydrological stress. Markov chain modeling based on 20002010 transitions predicts an additional 12%
loss of agricultural land by 2040, with barren lands replacing orchards. Anthropogenic pressures,
especially unsustainable agriculture and groundwater depletion, are identified as the main drivers of
degradation.
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Introduction: LULC changes are major drivers of environmental degradation, particularly in arid and semi-arid
regions where water scarcity and fragile ecosystems intensify vulnerability. The Urmia Plain, located within the
Lake Urmia Basin in northwestern Iran, is a critical agricultural and ecological region currently under severe stress
due to prolonged drought, climate change, and increasing anthropogenic pressures. Overexploitation of
groundwater, inefficient irrigation practices, and uncontrolled land conversion have accelerated soil salinization,
vegetation degradation, and the expansion of barren lands, posing serious threats to regional food security and
ecological stability (Daryanto et al. 2016; Kheyruri et al. 2024b).

Numerous studies in Iran have applied remote sensing techniques to monitor LULC dynamics and used statistical
or simulation-based models to predict future changes. However, relatively few have focused specifically on the
Urmia Plain or integrated detailed historical analysis with future land use projections. Given the critical role of
this plain within the Lake Urmia ecosystem, assessing both past changes and future scenarios is essential for
supporting effective land management and restoration strategies (Fatema et al. 2023; Vohra et al. 2024).

Remote sensing provides consistent, long-term datasets for mapping LULC variations, while Markov chain
modeling offers a probabilistic framework for predicting future land use based on observed transition probabilities
(Mortezaii et al. 2020; Feizizadeh et al. 2022).

Accordingly, this study aims to: (1) classify LULC for 2000, 2010, and 2020 using Landsat imagery; (2) evaluate
classification accuracy; (3) analyze dominant LULC transitions; and (4) project the 2040 LULC map using a
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Markov chain model.

Methodology: The study focuses on the Urmia Plain, West Azerbaijan Province. Land use/land cover (LULC)
maps were generated for 2000, 2010, and 2020 using a supervised maximum likelihood classification. Six
categories were defined: agriculture, orchards, urban areas, barren lands, saline lands, and water bodies. Accuracy
assessment using confusion matrices and Kappa statistics confirmed values above 0.85, ensuring reliable spatial
classification.

Post-classification statistics were used to quantify the areal extent of each class, supported by corresponding maps
(Figs. 2-5). Transition probability matrices were calculated to analyze historical changes between the periods,
allowing the identification of spatial patterns, trends, and areas with significant land use changes. Comparative
percentage changes across the three periods are summarized in Table 5.

This approach provides a comprehensive assessment of past spatial dynamics, highlighting areas of degradation
and land use change, which can inform future studies and support planning for sustainable land management in
this vulnerable region. No predictions for future land use are made, and the focus remains on understanding
historical patterns.

Results and Discussion: The analysis of the 2005 LULC map (Fig. 2) and statistical data (Table 1) reveals that
mixed orchard—crop lands dominated the Urmia Plain, accounting for nearly 40% of the area, followed by orchards
(18.9%) and urban areas (12.1%). In contrast, water bodies represented only 0.16% and wetlands 0.42%, showing
their marginal presence even at the beginning of the study period. These results highlight that while agricultural
and orchard activities were still relatively strong, natural water resources were already critically reduced, and
barren lands began expanding around the lake’s margins, suggesting early signs of ecological stress.

By 2010, significant shifts were evident (Fig. 3, Table 2). Surface water completely disappeared, and wetlands
declined to 0.67%, marking the onset of severe hydrological degradation. Mixed orchard—crop expanded to nearly
47%, but this was accompanied by rising poor vegetation (11%) and the continued encroachment of barren lands
in the north and east. The spatial patterns indicate unsustainable agricultural expansion, particularly in water-
stressed areas, which contributed to land fragmentation and ecological instability. This period also reflects
accelerated land conversion driven more by human intervention than by climatic variability.

The 2015 classification (Fig. 4, Table 3) demonstrated intensification of these trends. Mixed orchard—crop surged
to nearly 60%, while independent orchards dropped to just over 6%. Poor vegetation areas increased to 12.7%,
confirming the weakening of ecological resilience. Wetlands remained below 1%, and water bodies continued to
be absent, reflecting the persistent water crisis. Urban areas grew to almost 13%, driven by the expansion of Urmia
city and surrounding settlements. The combination of orchard expansion into unsuitable lands and the sharp decline
of natural vegetation emphasizes the anthropogenic stress dominating land-use transitions during this period.

By 2020, urban growth reached its highest share at 15.3%, while independent orchards rebounded to 17.9% (Fig.
5, Table 4). Mixed orchard—crop declined to 42.3%, reflecting a shift toward more fragmented agricultural
practices. Water bodies remained absent, and wetlands persisted at only 0.82%. The Markov projection for 2040
(Fig. 6, Table 5) predicts a further ~12% decline in agriculture, significant orchard losses compared to 2005 and
2020, and a +26% urban increase relative to 2000. Barren and poor vegetation classes are expected to dominate
the northern and eastern plain, while water and wetlands remain negligible. These findings confirm that without
immediate intervention, the Urmia Plain faces continued ecological degradation and heightened desertification
risk.

Conclusion: This study demonstrates that the Urmia Plain has undergone substantial LULC changes over the past
two decades, with agricultural and orchard areas declining sharply and barren and saline lands expanding
significantly. The Markov chain model projects further degradation by 2040, with agricultural lands potentially
decreasing by an additional 12% if current practices continue.

Findings highlight the predominance of anthropogenic factors—particularly unsustainable agriculture and
groundwater overexploitation—over climatic drivers in shaping LULC patterns. The integration of multi-temporal
Landsat imagery and Markov chain modeling offers a reliable and transferable framework for both retrospective
analysis and future prediction in semi-arid regions.

Urgent adoption of conservation-oriented land management, improved irrigation efficiency, and groundwater
regulation is essential to halt degradation. The study’s results can guide policymakers and stakeholders in
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designing targeted strategies for restoring land productivity and safeguarding the ecological integrity of the Urmia
Basin.

© 2023 University of Zabol, Zabol, Iran.
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Wet-land 4.95 0.42
Water 1.89 0.162
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Poor vegetation 1271 966
cover
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vegetation cover
Mixed moderate 950 031
vegetation cover
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cultivation
Orchard 46443 3981
cultivation
Barren land 82.72 7
Garden 220.44 18.89
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Table 2 Land use characteristics of the Urmia Plain in

2010
Land Use Type  Area Percent
Waterland 7.84 0.67
Water 0 0
Urban area 161.64 13.86
Poor vegetation 129.14 1
cover
Median
vegetation 11.92 1
cover
Mixed
moderate o 36 74
vegetation
cover
Rainfed
cultivation 70.87 6
Orchard
cultivation 547.31 46.93
Barren land 40.33 3.45
Garden 176.64 15.14

a5

N TSR o= 5 Wi RR Y WER-E I IO S
09l P9 00 b Glogibn (Rl g e
5 £l s =hy ol 2l Wy, el ey )] azly o
3 eatls lyea Slyige a5 Rl ool Gl
gy ol delol gl aid 3 jlas o ddlate SG5e0eS T ol
e o Joad laglm 4 e om slaoygs )
Cudime 3085 5 (55,5LS Y game 5 Slae rals o

Al el e msls>

Colue st Voo Jlo jo V7 Jgom wlal
S bglser WS 4y bogs o deg | Culis 8l 6 )8
FLAY dg0> e oS OYVYY L as ol «gb b
L gl ol 5l oy ogise Joli 1y dilaie S 51 0oy
L e g d(ao 0 VONY) muye gl S VYEEY
BLS ide g (ao,0 \WWAP) mpe esls VPV PY
50yl )18 (e 0V Y) moye yegl SAYANT L e
5 LOYE 5 wloads i JelS jbas ST Lol o Jilas
a5 Wlools plaisl sgs |y dalais 5l as,s + FY L
ol ails e BB S Ve Jle 4 oo
ol Sad Sl b slogiis 5 2l 2l Ghels

ool Jlo ol o amg )l s jo ol oleu

S Cols pSair Gl S a5
FAAY el Yo o0 Loty o "L L S Loglia”
Yeode Jlo jo asye FPAY 4 Yoo 0 Jlo 0 vy
5 o DL anwgs 5l U gaoge ol el oo,
O Slatl (LBl g et bl ) oplSeans
rmed il S5 ol slcassie 4 arg
3 B Gde bolie g awgie (LS (Adg) i
by ol Sl Lol il o 45 azily iuli3l S
R S 5l a8l Vb 2oy b gl yp unail
adly 1alS 2o)0 F & K el bglser (605 mpns
815 5 e slo JSis s &l (Sas 5

8L 03l cnl )3 w3 slace) 6590 0

370 Jlo b anlie )5 (s b 3olie Sorls Gl

OS5 Aoyl o (S5 drwgl umax ab, Silo
o3 V51l o) lS el ol (slmolSEigSe



oliKon 5 £bes |

diéb%j&b‘éﬁ}f@)b'&'ﬁﬂﬁ

o)l phals o plw! mlaw 3l Lo NI Eadgo
AL Egasme ;O Cwol ol &) ol &bes Hlaubl o o
£55 il ornb mlie B9 Aig, aslal YoVO Jlo
s o 1 bl glas S 55 w5 Ll 5 g lS

WS oo Al Ay

(F IS Y0 Jlo slojlgale pola unail mbs
2 @ldd Glbl g Slss wy) iboas Sl
el b sl b ay S aegl iy L1 6 )8
IS WIS WL ouiﬁswijp)oafajﬁow
FAFFY sgu L «gl b et Lol 5,55 4 by e
o5 ailate L) IS 5l o0 BUFA Joleo o ye szeslS
el aily (6, Kot Gl VoY Jlo 4 cas &S
w2 o2yl 55 DLl Slna il Baes 5 s (35S 0
Q4 e wlgee JlSlis Lyl b o deails 5 &l

S9h ey Sl GRalS

FoghS VDY dg0 4 Jas EL Coluws ¢ hlao jo
drwgd 4y Jled 5l las as adly als (oo 0 F) 1o
(ommed Wl i olel gla Sy gleus
o Gl 50y VWY b i aLS iy o)
ilad F 18 colue o i peo a0 VeV Jlo
bhoge ol ibe sl ool coluse wad als
g bl slo idig JulS Bi> g (ao,0 YT @)
i S35 S 8l nimsolti o ol 53
aoys FAY 4 jalS L ojs o sl sl el
ey solaill gl mals sl a4 o5 whoew,

ol ClS g8 ol 4 atnly oliwg,

VRPN SVIIIES PNV SCO PN VT V-
VAS a4 g asil zals Suil bl pee Jlo onl 5o
Bble o ez 5l G0 Gl Sew 45 oo, Qo0
Jels B sl (b )5 L T il b 65 e
3yl dalsl lizen 5 VB ol zals § ol Lol
TS oS 5 (Egemme 40 Gl sdpw, duoy + AAY @ g
s Yo 0 Jlo po oS el o Sibs o bl 5 olad
w27 5 ey G B Sl lal> e o )l5 4
LT Wlgoe wgy ol delsl g sl oad xpb aslie

ay

370N

375N

373N

3TN

373N

= Maderate vegetation cover acas

= Mixed moderate vegetation cover arens
Rainfed cultivation k

= Garden

10
[ IKilometers

45K
Fig. 3 Land use classified in 2010

45.2 K

Vode Jlo onds gau add ool 60,80V S

2015

Wetland ey
- Water Y »uti
w Urhan an
= Poor arca 4
- Mod retation cover acis ¥
w0 Mived moderate vegetation cover arcas y
Rainfed cultivation %
= Orchard cultivation o
Barren land A
= Garden o

10
[ IKilometers

45E
Fig. 4 Land use classified in 2015

452 F

YN0 Jlo sad g aib ol g l5 F USCh



\f.Y om} g O)M Y 099

Ol ! Of (i glaiag s

4
"= A
~
s 2020 N
z
3]
-
5

- Wetland

- W

Ur
- PoOUT vepitation area
Muder ation cover aeas
i b vegetation Cover areas
-~ o e !
- S
= “@>
g ]
Kilometers
45 E 45.2E

Fig. 5 Land use classified in 2020
Yoy Jhoonds gau add Lol 60,5 & S

EY--0 Glojosl (b oS aad oo (lis zodg & 55
Seos Il Ll 5l (SN 6 )8 (S S 5 VY
o504 ol ol ol A8l s 0SS SLelST Copndy
s ] plie ol Gi 5 Wb wads Lials L
2b s b (Hly bl ol egdle 0sdige ol
b alS s ey (S3elsST Ol als Sile
2 G5k D)0 sy iz el ol (xenl sl
Sl J5S (o2l mle Conae slacaln
ly Oeeim ol lacasgams Jlesl g slreyee

il o ST Gl
Gl A aes o HLas VeV Jlo 4 by ye slaassl
@23l e opie Qlimes MEL L cutS bglss
9oz bl gzl osls olaislogs 4l apag,l cubo
Sgd> auye yiaghS FAV AL coluw b 6,5 £45 (0l ‘i
aS 0,5 oo gy |,y dihaie Coluwe IS 5l a0 FYLYO
Sl ose ol a8l 2als YN0 Jlo 4 Cd
VoAY ek oye0 o axgi BB GRl8 L «gly
el cpl el oo, (Mo, VWWAY) mo e yiegls

Al asls ashie o (LSl p g pd oS,

gy 0 JS2) Yo ¥+ Lo oadsanainb and ol 5
35 Jbo nl 5o anegyl clis (Ll (6 )8 sy bl
5o o wazs 0ausS L, slagSIl S 5 g a8l aslol
i gl gl 2l 3l s S oL o
S5t SLalS dilaio (535 0 5 5z bRy 40 ohusa:
s (25 Gibe Gl s nb @bl Grizres ool
oS sl 25l azls 3,0 Jled slaail> o
o s il JLSas 1 5 wlgie Sl ol

2Bl (ool Dl 5 (e 5
bl o bl ool o515 anndS slalo b avylie o
3 Wlodgy w0 b pus ceiS v liples a8 axdly 3l
O3l 50 355 Sy 4 5 6 b (>lg (b e
O Canad Jlo opl jo oSOl L alosls dslol dag,l o
Sraite S ClS L EL bgle Lol oo ys YN0
Slatsly (6 i il Jitne slagl o)) Jg axils
agyees 31 5355 o oslitinl 5 S8 51 (30 oo oS
B g o 5 g 5 g o Bolie s a5l
3ok ol slaoee has s pLS ide W36

sl 1S (glodisS 5,5 i,

Y0 Jlo aeg)l o Lol 6,5 Slasin ¥ Jgas

Table 3 Land use characteristics of the Urmia Plain in

Land Use Type Area Percent

Waterland 10.43 0.893
Water 0 0
Urban area 150.13 12.86
Poor vegetation 148.30 12.70
cover
Median
vegetation 2.70 0.23
cover
Mixed
modere}te 0 0
vegetation
cover
Rainfed 4822 4.13
cultivation
Orchard 69441  59.48
cultivation
Barren land 42.59 3.64
Garden 70.51 6.041
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Table 4 Land use characteristics of the Urmia Plain in

2020
Land Use Type  Area Percent
Waterland 9.66 0.82
Water 0 0
Urban area 178.41 15.29
Poor vegetation 119.9 10.28
cover
Median
vegetation 24.76 2.12
cover
Mixed
moderate
. 22.32 1.91
vegetation
cover
Rainfed 7646 655
cultivation
Orchard 40, 80 42.25
cultivation
Barren land 33.36 2.86
Garden 208.40 17.87
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Table 5 Percentage of land use area in 2040 for each
period under review

Land Use Type 2005 2010 2015 2020
Waterland -042 -0.67 -0.89 -0.83
Water -0.16 0.00 0.00 0.00
Urban area 2244 20.74 21.73 19.30
Poorvegetation 33 573 437 -1.94
cover
Median
vegetation -0.84 -1.02 -0.23 -2.12
cover
Mixed
moderale g1 174 000 -1.91
vegetation
cover
Rainfed 8.04 12.10 14.04 11.62
cultivation
Orchard - -
cultivation 477 11.88 24.48 721
Barren land -7.09 -346 -3.65 -2.86
Garden 1501 1126 >1® 1308
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5- List of symbols

LULC Land use and land cover
ETM Enhanced Thematic Mapper
OLI Operational Land Imager
ENVI Environment For Visualizing Images
x Pixel feature vector
Ui Averagei class
DY Class covariance matrix
Dii The probability of class stability
Acknowledgments

We would like to express our deepest gratitude and
appreciation for the cooperation of the Sistan and
Baluchestan Regional Water Organization in

providing the information required for this research.

Credit Authorship Contribution Statement

Conceptualization, A.P.; Methodology M.G. and
Y.K.; Software M.G. and Y.K.; Data collection
M.G.; Formal analysis A.P.; Validation A.P;
Visualization Y .K.; Writing—original draft M.G. and
Y.K.; Supervision A.P..

All authors have read and agreed to the published
version of the manuscript.

Funding

No financial support was received from any
organization for this research.

Data Availability Statement

The raw data supporting the conclusions of this
article will be made available by the authors upon
request .

Conflicts of Interest

103

bl g Koy p SlagSl Coons a0 (e 5l (6510 00 0

]

oz Jow jl eolaiwl L Y-F Jle o s

GorS s 2lS e bl L) pSeis
ool b GipsleS )5 Giels 5 sl (>l
Gl o &y diog)l Cuds 9959 easaoylis Vb (SH560S]
Jol5 Loyis G el e Jolos i 51 il
©laia chwgio o515 L alS by cdl g of ol

The authors declare no conflict of interest

References

Aniah P, Bawakyillenuo S, Codjoe SNA, Dzanku
FM (2023) Land use and land cover change
detection and prediction based on CA-Markov
chain in the savannah ecological zone of Ghana.
Environ Challenges 10:100664.
https://doi.org/10.1016/J. ENVC.2022.100664

Asadi M, Oshnooei-Nooshabadi A, Saleh SS, et al
(2022) Urban Sprawl Simulation Mapping of
Urmia (Iran) by Comparison of Cellular
Automata—Markov Chain and Artificial Neural
Network (ANN) Modeling Approach. Sustain
2022, Vol 14, Page 15625 14:15625.
https://doi.org/10.3390/SU142315625

Congalton RG (1991) A review of assessing the
accuracy of classifications of remotely sensed
data. Remote Sens Environ 37:35-46.
https://doi.org/10.1016/0034-4257(91)90048-B

Emami H, Zarei A (2021) Modelling lake water’s
surface changes using environmental and remote
sensing data: A case study of lake urmia. Remote
Sens Appl Soc  Environ  23:100594.
https://doi.org/10.1016/J.RSASE.2021.100594

Fatema K, Joy MAR, Amin FMR, Sarkar SK (2023)
Groundwater potential mapping in Jashore,
Bangladesh. Heliyon 9.
https://doi.org/10.1016/J. HELITYON.2023.E139
66

Feizizadeh B, Garajeh MK, Lakes T, Blaschke T
(2021) A deep learning convolutional neural
network algorithm for detecting saline flow
sources and mapping the environmental impacts
of the Urmia Lake drought in Iran. CATENA
207:105585.
https://doi.org/10.1016/J.CATENA.2021.10558
5

Feizizadeh B, Lakes T, Omarzadeh D, et al (2022)



https://doi.org/10.1016/J.ENVC.2022.100664
https://doi.org/10.3390/SU142315625
https://doi.org/10.1016/0034-4257(91)90048-B
https://doi.org/10.1016/J.RSASE.2021.100594
https://doi.org/10.1016/J.HELIYON.2023.E13966
https://doi.org/10.1016/J.HELIYON.2023.E13966
https://doi.org/10.1016/J.CATENA.2021.105585
https://doi.org/10.1016/J.CATENA.2021.105585

\f.Y OL&M)’ g o)lm'b Ay 099

Ol ! Of (i glaiag s

Scenario-based analysis of the impacts of lake
drying on food production in the Lake Urmia
Basin of Northern Iran. Sci Reports 2022 121
12:1-16.  https://doi.org/10.1038/s41598-022-
10159-2
Gao Y, Hang Y, Yang M (2021) A cooling load
prediction method using improved CEEMDAN
and Markov Chains correction. J Build Eng
42:103041.
https://doi.org/10.1016/J.JOBE.2021.103041
Ghafari L, Parvishi A (2025) Climate projection and
drought assessment in the lake Urmia basin using
LSTM-based downscaling of GCM models
under SSP scenarios. Phys Chem Earth, Parts
A/B/C 141:104134.
https://doi.org/10.1016/J.PCE.2025.104134
Gomes E, Inacio M, Bogdzevi¢ K, et al (2021)
Future land-use changes and its impacts on
terrestrial ecosystem services: A review. Sci
Total Environ 781:146716.
https://doi.org/10.1016/J.SCITOTENV.2021.14
6716
Jafarpour Ghalehteimouri K, Shamsoddini A,
Mousavi MN, et al (2022) Predicting spatial and
decadal of land use and land cover change using
integrated cellular automata Markov chain model
based scenarios (2019-2049) Zarriné-Ruid River
Basin in Iran. Environ Challenges 6:100399.
https://doi.org/10.1016/J.ENVC.2021.100399
Javadi A, Ghahremanzadeh M, Sassi M, et al (2023)
Impact of Climate Variables Change on the Yield
of Wheat and Rice Crops in Iran (Application of
Stochastic Model Based on Monte Carlo
Simulation). Comput Econ 1-18.
https://doi.org/10.1007/S10614-023-10389-0
Khaghani Z, Sharafati A, Kheyruri Y, et al (2025) A
fuzzy-based approach for clustering the
meteorological drought over Iran. Stoch Environ
Res Risk Assess 39:697-723.
https://doi.org/10.1007/S00477-024-02891-0
Kheyruri Y, Asadollah SBHS, Sharafati A, et al
(2024a) Examining the effects of meteorological
drought variability on rainfed cultivation yields
in Iran. Theor Appl Climatol 155:6427-6444.
https://doi.org/10.1007/S00704-024-05013-6
Kheyruri Y, Sharafati A, Neshat A, et al (2024b)
Analyzing the impact of socio-environmental
parameters on wheat and barley cultivation areas
using the geographical detector model. Phys
Chem Earth, Parts A/B/C 135:103630.
https://doi.org/10.1016/J.PCE.2024.103630
Kheyruri Y, Sharafati A, Shahid S (2023) Evaluation
of the impact of large-scale atmospheric
indicators and meteorological variables on
drought in different regions of Iran. Environ
Earth Sci 82:. https://doi.org/10.1007/S12665-
023-11015-W

104

Mahmoudi P, Rigi A (2023) Probabilistic Prediction
of Drought in Iran Using Homogenous and
Nonhomogenous Markov Chains. J Hydrol Eng
28:05023003.
https://doi.org/10.1061/JHYEFF.HEENG-
5653;WGROUP:STRING:PUBLICATION

Majumder A, Kingra PK, Setia R, et al (2020)
Influence of land use/land cover changes on
surface temperature and its effect on crop yield
in different agro-climatic regions of Indian
Punjab. Geocarto Int 35:663-686.
https://doi.org/10.1080/10106049.2018.1520927
:PAGE:STRING:ARTICLE/CHAPTER

Mortezaii G, Lotfi J, Khalighi Sigarodi S, et al
(2020) Analysis and evaluation of hydrological
drought indicators in Kurdistan Province.
Watershed Eng Manag 12:441-453.
https://doi.org/10.22092/IIWMSE.2019.123305.
1566

Prochazka P, Honig V, Maitah M, et al (2018)
Evaluation of Water Scarcity in Selected
Countries of the Middle East. Water 2018, Vol
10, Page 1482 10:1482.
https://doi.org/10.3390/W10101482

Sarami ,, Mohammadi M, Parvishi A, Sabzehparvar

M (2022) Optimal Selection of a Portfolio of
Construction Projects with  Public-Private
Partnerships through the Optimization of the
Horizons. J Struct Constr Eng 9:63-81.
https://doi.org/10.22065/JSCE.2022.259471.230
2

Shahbazdashti R, Sharafati A, Kheyruri Y, et al
(2024a) Enhancing the TRMM precipitation
product in diverse regions of Iran through an
intelligent-based post-processing approach. Acta
Geophys 1-16. https://doi.org/10.1007/S11600-
023-01280-5/METRICS

Shahbazdashti R, Sharafati A, Kheyruri Y, et al
(2024b) Enhancing the TRMM precipitation
product in diverse regions of Iran through an
intelligent-based post-processing approach. Acta
Geophys 72:2925-2940.
https://doi.org/10.1007/S11600-023-01280-
5/METRICS

Shekari Tappe R, Parvishi A, Ghanbarzadeh Lak M
(2021) Modeling and Evaluation of Flood
Spreading in Aquifer Using MODFLOW Code
(Case Study: Salmas Plain Aquifer). Iran-Water
Resour Res 17:360-377

Ullah W, Ahmad K, Ullah S, et al (2023) Analysis
of the relationship among land surface
temperature (LST), land use land cover (LULC),
and normalized difference vegetation index
(NDVI) with topographic elements in the lower
Himalayan region. Heliyon 9.
https://doi.org/10.1016/J.HELIYON.2023.E133



https://doi.org/10.1038/s41598-022-10159-2
https://doi.org/10.1038/s41598-022-10159-2
https://doi.org/10.1016/J.JOBE.2021.103041
https://doi.org/10.1016/J.PCE.2025.104134
https://doi.org/10.1016/J.SCITOTENV.2021.146716
https://doi.org/10.1016/J.SCITOTENV.2021.146716
https://doi.org/10.1016/J.ENVC.2021.100399
https://doi.org/10.1007/S10614-023-10389-0
https://doi.org/10.1007/S00477-024-02891-0/METRICS
https://doi.org/10.1007/S00704-024-05013-6/FIGURES/9
https://doi.org/10.1016/J.PCE.2024.103630
https://doi.org/10.1007/S12665-023-11015-W
https://doi.org/10.1007/S12665-023-11015-W
https://doi.org/10.1061/JHYEFF.HEENG-5653;WGROUP:STRING:PUBLICATION
https://doi.org/10.1061/JHYEFF.HEENG-5653;WGROUP:STRING:PUBLICATION
https://doi.org/10.1080/10106049.2018.1520927;PAGE:STRING:ARTICLE/CHAPTER
https://doi.org/10.1080/10106049.2018.1520927;PAGE:STRING:ARTICLE/CHAPTER
https://doi.org/10.22092/IJWMSE.2019.123305.1566
https://doi.org/10.22092/IJWMSE.2019.123305.1566
https://doi.org/10.3390/W10101482
https://doi.org/10.22065/JSCE.2022.259471.2302
https://doi.org/10.22065/JSCE.2022.259471.2302
https://doi.org/10.1007/S11600-023-01280-5/METRICS
https://doi.org/10.1007/S11600-023-01280-5/METRICS
https://doi.org/10.1007/S11600-023-01280-5/METRICS
https://doi.org/10.1007/S11600-023-01280-5/METRICS
https://doi.org/10.1016/J.HELIYON.2023.E13322

0o g Elo S s & sbag 9 (1)) 62,5 (Fu )b Oy

22 MSI imagery: a study in the central part of India.

Vohra R, Kumar A, Rongali G (2024) Multi-scale Stoch Environ Res Risk Assess 38:2397-2423.
extraction and spatial analysis of growth pattern https://doi.org/10.1007/S00477-024-02686-
changes in urban water bodies using sentinel-2 3/METRICS

105


https://doi.org/10.1016/J.HELIYON.2023.E13322
https://doi.org/10.1007/S00477-024-02686-3/METRICS
https://doi.org/10.1007/S00477-024-02686-3/METRICS

	1- مقدمه
	2- روش‌شناسی
	2-‏‏1-‏‏ منطقه مطالعاتی
	2-‏‏2-‏‏ روش انجام پژوهش
	Fig. 1 Study area map
	شکل 1 نقشه منطقه مطالعه
	(1)  𝑃(,𝜔-𝑖.∣𝑥)=,1-(2𝜋,)-𝑛/2.∣,Σ-𝑖.,∣-1/2..exp⁡[−,1-2.(𝑥−,𝜇-𝑖.,)-𝑇.,Σ-𝑖-−1.(𝑥−,𝜇-𝑖.)]
	(2)  𝑃=,𝑗=1-𝑛-,𝑝-𝑖𝑗..,,,𝑝-11.-,𝑝-12.-…-,𝑝-1𝑛.-,𝑝-21.-,𝑝-22.-…-,𝑝-2𝑛.-⋮-⋮-⋱-⋮-,𝑝-𝑛1.-,𝑝-𝑛2.-…-,𝑝-𝑛𝑛...
	(3)  ,𝑆-𝑡+1.=,𝑆-𝑡.⋅𝑃
	(4)  ,𝑆-𝑡+𝑘.=,𝑆-𝑡.⋅,𝑃-𝑘.



	3- نتایج و بحث
	Fig. 2 Land use classified in 2005
	شکل 2 کاربری اراضی طبقه بندی شده سال 2005
	جدول 1 مشخصات کاربری اراضی دشت ارومیه سال 2005
	Table 1 Land use characteristics of the Urmia Plain in 2005
	جدول 2 مشخصات کاربری اراضی دشت ارومیه سال 2010
	Table 2 Land use characteristics of the Urmia Plain in 2010

	Fig. 3 Land use classified in 2010
	شکل 3 کاربری اراضی طبقه بندی شده سال 2010
	Fig. 4 Land use classified in 2015
	شکل 4 کاربری اراضی طبقه بندی شده سال 2015
	جدول 3 مشخصات کاربری اراضی دشت ارومیه سال 2015
	Table 3 Land use characteristics of the Urmia Plain in 2015

	Fig. 5 Land use classified in 2020
	شکل 5 کاربری اراضی طبقه بندی شده سال 2020
	جدول 4 مشخصات کاربری اراضی دشت ارومیه سال 2020
	Table 4 Land use characteristics of the Urmia Plain in 2020

	Fig. 6 Land use classified in 2040
	شکل 6 کاربری اراضی طبقه بندی شده سال 2040
	جدول 5 درصد مساحت کاربری‌های اراضی در سال 2040 به نسبت هر دوره مورد بررسی
	Table 5 Percentage of land use area in 2040 for each period under review


	4- نتیجه‏گیری
	5- List of symbols
	References

