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(ET) and its modulation by biophysical variables and land use/land cover (LULC) changes
in the Karun River Basin, southwestern Iran, from 2000 to 2023. The basin, spanning
67,257 km? and characterized by diverse topography, experiences significant annual water
loss (72% of 413 billion m3 national precipitation) due to ET, leading to salt and sediment
accumulation.

Methods: Data from MODIS products (MCD12Q1, MOD13A1, MCD43A3, MOD11A2,
MOD16A3, CHIRPS) provided land cover, NDVI, albedo, LST, precipitation, and ET at
500-meter resolution, supplemented by Landsat imagery (30-meter resolution) for
validation.

Results: Multiple regression and Geographically Weighted Regression (GWR) analyses
revealed a 39.5% ET increase (31.48 to 43.92 mm/year), a 32.78% NDVI rise (0.18 to
0.239), and a 16.35% LST decrease (33.52°C to 28.05°C), correlated with a 6.90%
agricultural decline (6,939,225 to 6,460,335 ha), a 6.94% rangeland increase (3,840,375
to 4,106,780 ha), and a 42.76% forest expansion (156,000 to 222,700 ha). GWR (AdjR?
> 0.97, peak 0.9887 in 2010) identified spatial non-stationarity, with overprediction in
mountainous northeast regions and underprediction in agricultural southwest plains,
reflecting LULC influences. Landsat-derived false color composites and classifications
(overall accuracy 85-90%, Kappa 0.85-0.90) validated a 2,477 km? forest loss to high-
ET rangelands/agriculture, driving warm-season ET elevation.

Conclusions: Results emphasize the need for integrated hydrological models
incorporating irrigation data and high-resolution analyses to enhance sustainable water
management in this water-stressed region.

Cite this article: Naserzadeh , M.

H, Ziaian Firouzabadi, P., Hejazizadeh, Z, Moradjani Honom, Sh.. (2025). Detection and

analysis of land cover forcing evapotranspiration in Karun basin using MODIS sensor products. Spatial Analysis
Environmental Hazards, 12 (4), 1-26. http//doi.org/10.66224/jsaeh.12.4.3

© The Author(s) Publisher: Kharazmi University
DOI: http//doi.org/10.66224/jsaeh.12.4.3



https://orcid.org/0000-0000-0000-0000
https://orcid.org/0000-0000-0000-0000
https://orcid.org/0000-0000-0000-0000
https://orcid.org/0000-0000-0000-0000
http://dx.doi.org/10.66224/jsaeh.12.4.3
https://dor.isc.ac/dor/20.1001.1.24237892.1404.12.4.1.4
https://ndea10.khu.ac.ir/jsaeh/article-1-3493-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2026-06-11 ]

[ DOR: 20.1001.1.24237892.1404.12.4.1.4 ]

[ DOI: 10.66224/jsaeh.12.4.3 ]

Spatial Analysis Environmental Hazards, Volume 12, Issue 4, 2025 2

EXTENDED ABSTRACT

Introduction

Evapotranspiration (ET) represents a critical component of the hydrological cycle, profoundly
influencing water resource dynamics, ecosystem services, and climate regulation, particularly
in arid and semi-arid regions such as Iran. Annually, the country experiences approximately
413 billion cubic meters of precipitation, of which 72% (equivalent to 296 billion cubic meters)
is lost to the atmosphere through evapotranspiration processes. The Karun River Basin,
recognized as one of Iran's most water-abundant watersheds, is strategically positioned in the
southwestern part of the country. This basin, characterized by diverse topography ranging from
rugged mountains to expansive plains, witnesses substantial annual evaporation of fresh water
from its surface, resulting in the accumulation of salts and sediments that exacerbate
environmental challenges. This study investigates the spatio-temporal dynamics of ET within
the Karun Basin from 2000 to 2023, integrating biophysical variables (e.g., Normalized
Difference Vegetation Index [NDVI], albedo, land surface temperature [LST], and
precipitation) with land use/land cover (LULC) changes. By employing advanced geospatial
and statistical analyses, including multiple regression and Geographically Weighted Regression
(GWR), the research elucidates the spatial non-stationarity of ET and its modulation by LULC
transformations, addressing gaps in prior studies that overlooked high-resolution validation and
human-induced factors.

Methods

The study area encompasses the Karun River Basin in southwestern Iran, spanning longitudes
48° to 52° E and latitudes 29° to 34° N, with a total extent of 67,257 square kilometers. This
basin is defined by its two principal rivers, Karun and Dez, which originate in the Zagros
Mountains, traverse complex mountainous terrain, converge approximately 50 kilometers north
of Ahvaz in the Khuzestan Plain, and ultimately discharge into the Persian Gulf. The region's
diverse physiography—from elevations exceeding 4,000 meters in the uplands to near-sea-level
plains—contributes to varied hydrological and ecological processes.

Primary datasets included biophysical variables derived from MODIS products: land cover
classifications from MCD12Q1 (500-meter spatial resolution, annual composites); NDVI from
MOD13A1; albedo from MCD43A3; LST from MOD11Az2; precipitation from CHIRPS (5-
kilometer resolution); and actual ET from MOD16A3 (500-meter resolution, annual). Auxiliary
data comprised Landsat imagery (TM/ETM+/OLI, 30-meter resolution) for validation,
including false color composites (NIR-Red-Green bands) and supervised classification using
the Maximum Likelihood algorithm in ArcGIS Pro v3.4. Land cover changes were interpolated
linearly across key years (2000, 2005, 2010, 2015, 2020, 2023) into a continuous time series,
with six classes: rangeland/vegetation, agriculture, forest, barren land, urban/built-up, and
water.

Data preprocessing involved atmospheric and geometric corrections, resampling to 500-meter
resolution via bilinear interpolation, and clipping to basin boundaries. Statistical analyses
encompassed multiple regression in Excel (Analysis ToolPak) to model ET against biophysical
predictors, ANOVA for temporal comparisons across decadal periods, and trend analysis via
scatter plots with linear regression lines. Spatial modeling utilized GWR in ArcGIS Pro
(Bisquare kernel, 80 neighbors) to capture local variations in ET relationships. Classification
accuracy was validated using stratified random sampling, confusion matrices, overall accuracy
(OA), and Kappa coefficient, yielding OA >85% and Kappa >0.85 across years. All analyses
were conducted in ArcGIS Pro v3.4 and Microsoft Excel.
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Results

This research elucidates the interplay between land cover dynamics and biophysical variables
in modulating ET rates across cold (January) and warm (June) seasons in the Karun Basin.
Temporal analysis revealed ET rates in June were at least fivefold higher than in January for all
land cover types, with irrigated and rain-fed agricultural lands exhibiting the highest values (up
to 170 mm/month), followed by rangelands (150 mm/month), while barren and urban lands
recorded the lowest (<50 mm/month). Over 2000-2023, LULC changes included a 6.90%
decline in agriculture (6,939,225 to 6,460,335 hectares), a 6.94% increase in rangelands
(3,840,375 t0 4,106,780 hectares), a 42.76% expansion in forests (156,000 to 222,700 hectares),
and a 21.31% urban growth (104,100 to 126,280 hectares). These shifts correlated with a 39.5%
ET increase (31.48 to 43.92 mm/year), a 32.78% NDVI rise (0.18 to 0.239), and a 16.35% LST
decrease (33.52°C to 28.05°C), alongside modest precipitation stability (387.36 to 391.87
mm/year) and albedo reduction (198.48 to 195.74).

Multiple regression (R2=0.998, Adjusted R2=0.947, Significance F<0.0001) confirmed NDVI
(B=208.27, P=3.71E-08) and precipitation (=0.020, P=0.0018) as significant ET predictors,
with albedo (P=0.736) and LST (P=0.056) showing negligible effects. ANOVA indicated
significant inter-decadal differences in LST (F=2222.62, P<0.001) and precipitation (P<0.05),
reflecting climatic variability. Linear trends corroborated these patterns: ET (+0.56 mm/year,
R2=0.43, P<0.01), NDVI (+0.002/year, R?=0.55, P<0.001), and LST (-0.1°C/year, R?=0.35,
P<0.01).

GWR analysis (AdjR2>0.97 across years, peak in 2010 at 0.9887) unveiled spatial non-
stationarity, with bipolar residuals: overprediction in northeastern mountainous areas
(dominated by natural processes like topographic constraints) and underprediction in
southwestern agricultural plains (influenced by irrigation). Geospatial dispersion analysis of
GWR maps highlighted clustered overprediction in rugged uplands and diffuse underprediction
in irrigated lowlands, aligning with LULC transitions (e.g., agriculture-to-rangeland conversion
at 3.60%). Landsat false color composites and classifications (OA=85-90%, Kappa=0.85-0.90)
validated MODIS-derived changes, enhancing detection of subtle shifts like a 2,477 km? forest
loss (2000-2020) to rangelands and rain-fed agriculture, which amplified warm-season ET by
promoting high-evapotranspiration classes.

These findings underscore LULC's moderating role in ET heterogeneity, where agricultural
expansion drives basin-wide ET increases, while natural recovery in uplands tempers LST. The
integration of high-resolution Landsat data addresses validation gaps, confirming MODIS
reliability while revealing irrigation's unmodeled influence on underprediction.

Conclusion

This study demonstrates that over 2000-2023, the Karun Basin underwent significant LULC
transformations, including a 6.90% agricultural decline and 6.94% rangeland expansion,
driving a 39.5% ET increase (31.48 to 43.92 mm/year), 32.78% NDVI growth (0.18 to 0.239),
and 16.35% LST reduction (33.52°C to 28.05°C). Multiple regression affirmed NDVI and
precipitation as primary ET drivers, while GWR (AdjR2>0.97) exposed spatial non-stationarity,
with overprediction in mountains and underprediction in plains reflecting LULC moderation.
Landsat validation (OA=85-90%, Kappa=0.85-0.90) detailed transitions like 2,477 km?2 forest
loss to high-ET rangelands/agriculture, elevating basin ET volume. These dynamics highlight
human interventions (e.g., irrigation) and natural recovery's interplay in hydrological shifts.
Findings advocate integrated models incorporating anthropogenic data and high-resolution
analyses for sustainable water management, providing a geospatial framework for regional
planning in water-scarce environments.


http://dx.doi.org/10.66224/jsaeh.12.4.3
https://dor.isc.ac/dor/20.1001.1.24237892.1404.12.4.1.4
https://ndea10.khu.ac.ir/jsaeh/article-1-3493-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2026-06-11 ]

[ DOR: 20.1001.1.24237892.1404.12.4.1.4 ]

[ DOI: 10.66224/jsaeh.12.4.3 ]

Spatial Analysis Environmental Hazards, Volume 12, Issue 4, 2025 4

Keywords: Detection, Land cover, Evapotranspiration, Karun Basin, MODIS sensor.

Author Contributions

First author: Thesis supervisor, research design, supervision of research procedures, review
and validation of results, revision, review, and finalization of the manuscript.

Second author: Second thesis supervisor or advisor, participation in research design, research
supervision, reviewing and editing the manuscript.

Third author: Thesis advisor, participation in research design, supervision of research,
reviewing and editing the manuscript.

Fourth author: Preparation and organization of samples, data collection, computations,
statistical data analysis, interpretation of information and results, drafting the manuscript.

Data Availability Statement
“Not applicable”.

Acknowledgements

Acknowledgments and appreciation should be included in the article. Example sentence:

We would like to express our gratitude to the esteemed research department of Kharazmi
University, our supervisors, advisors, and honorable reviewers for their cooperation in
conducting this research.

Ethical considerations
The authors have observed ethical principles in conducting and publishing this scientific
research, and this is confirmed by them.

Funding
This article has not received financial support from any university research department.

Conflict of interest
According to the authors, there is no conflict of interest in this article.


http://dx.doi.org/10.66224/jsaeh.12.4.3
https://dor.isc.ac/dor/20.1001.1.24237892.1404.12.4.1.4
https://ndea10.khu.ac.ir/jsaeh/article-1-3493-en.html

N

ligtl
il oKl
St O yblo Ui Jalo

YOAA —OVFF 3 Kig oI Ui
Homepage: https://khu.ac.ir

31 03liiat b (39,15 4095 13 0 s 5555 9 g SNy S g 53l g1
owobo oz WY gazeo
"o 3050 (e | T 0315 (g5l Kl |7 63LT50508 liled 5295 M 03150 Cpmuns o

nasserzadeh@Khu.ac.ir :asbL]; .yl pl o0 ¢ o0 5)lsd oSl ( oLl yie pole 0aS0ily bl ys 09,5 wlidh waldl ¢ Jgiuno ois g5 )
zeaiean@Kkhu.ac.ir :asbbly .ol ! ()l os 505 led ol ¢ oldlyan pole 0aSiily ¢ oLdlyia CleMbl by wiuwm g 595 jl Hiowuw 0g)5 .Y
hejazizadeh@Kkhu.ac.ir :asbL], .yl nl <05 o055 o&uiily ( oldlyae pole 20l ddl i 09,5  wlid waldl Y
Sh.moradjani@yah00.com :aebll, .yl ¢85 ¢ 05ylgs olRtily ¢ Ll i pole 0aSutils ¢ wliilyn 9 T ¥

[ Downloaded from ndeal0.khu.ac.ir on 2026-06-11 ]

[ DOR: 20.1001.1.24237892.1404.12.4.1.4 ]

[ DOI: 10.66224/jsaeh.12.4.3 ]

o OlNb!

Sy 5 Sapadgm sloite J g (ET) 5505 5 s Gloj - (aldd ool Jelos & Savggy o) 18
YeVY B Veoo 0y9d ujo (ul).»l u)su?) 09)15 45[5.)5) ):);-l Aog> 4D (LULC) gol)l W?/LS)")K
Cuod 3l 3y%5 9w Sy 4 (oo jie 3)ldes FIY oleo) (Lo )b 5l doyn VY dgus oS g jsboay Sl
MCD43A3 MOD13A1 MCD12Q1) MODIS (sl (slaodls :idg5s (w9,
lod I NDVI (23l o o)yl (60,8 0 bgspe cleMbl (CHIRPS  MOD16A3 MOD11A2
S8 Candd sl g 251 ool B e B e SIS SSE L) 35 9 g5 g o)k (LST) (e o
58,8 )38 oolitwl 590 oriwliel Cas o Ve S8

3o OIFR 33 ik (GWR) (aldlyi (igise sy 5 0 i sy 5l o> gl :baidly
(Y¥a/+ WA+ ) NDVI asls cam > YAFY 0y o Jlo 53 sio ko QY/FY & AN ) 505 o s
b plojed @lpuss cpl g (wgmudis ayd +0/YA &4 OY/YY ) (o) adaw (slod (gduoys YO/NVE ialS 4
Sb gy b K gao ) YEIFY i yinS g &le (ghuoyd AF/E Ll58l (g5 )aliS o)) (saop A4 /F ials
SS9 olad oliawlb oaimdylis (V- Ve Jlo )3 WAAV/+ aiuis AY/- 5l 5YL AdjR?) GWR e
7S 35505 g (G5gliS clacds 53 g Bl jlade Sl (e dygln 5pdled SlnsS 3bls > &S
G upd 5 do A LAY (IS b)) Cundd polad b (oriwcous opiored A odaline (8lg Hlads |
S o 18T (So55lgy0m e LS sla e Sl odlitl Cenl  (imgly cul gl (IS sl 106 S ARl
Il Copde sl 55550 so)Sal b 05,8 5 )31 YU 2og b sladdos 5 ()bl (slaosls &5 ola S
290 ol ol i cov ble Ol plie

:Wlio £o

gy Al

VEX/YINY 128l s U
VXV 0y &6
NS ARAVER W F IRy

ANSTANL
o6 Lo, 831
ol pidg
By gy
WL S
MODIS s

2 sl by (55 g e Cudloly Jelow g (63l )lST(VFF) e pin Slaolie g i ol (53l 2 <ol £ deeo w3l ol 3 ius]

YN () W boe  albbie glad Ly L wdle sdivie  OVaase Gl eolatl

ol ase

http//doi.org/10.66224/jsaeh.12.4.3

©NOIE

BY NC

il oy 1yt



http://dx.doi.org/10.66224/jsaeh.12.4.3
https://dor.isc.ac/dor/20.1001.1.24237892.1404.12.4.1.4
https://ndea10.khu.ac.ir/jsaeh/article-1-3493-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2026-06-11 ]

[ DOR: 20.1001.1.24237892.1404.12.4.1.4 ]

[ DOI: 10.66224/jsaeh.12.4.3]

1FeF F o )laids Y 0,90  xo Ol pbolko g lad fdxi Y

dodiio
@l o Gl B (S g 5wl pladdp 0 saimatisn 5 S HnlB o plsie 4 (BT) G g ps
gy Jl 355 9 (PUlgy «SB) sbose pglas Iy ggerme o adlie (S oo Wl (590551 5 (Sjlgr (St
9355 oeldl sl it g2 iyl aSl @9 00 g Ol Oy I ol 23 S o & e Joli 1y LS
bl ;5 ET cuenl (V+Y+) ohKan o Tillime o (Vo)) ohlen o ' ol conl iS50 doa cugbsy g Lo ales j oM
OiSe 3 S el S (60h SIBl (ol Gl LAl 4 e dasee (slod g (sandyt B SV £
2935 gga3e0 | ooy Slo)lol olisl 1 35500 (05 iy B g 2l Lo (s amocanj slassly 5 g5l
S ot o ol Copte 6550 45 am3 o S 213005 o8 ] (YIF) (ke 33,5 o Sl el & 55 5
Copde 62 s )9S wptued BB O 51 (S)5 (150 5 Gl 00 o Lo ) BT ale (gl 5 380 (il ros
Dyl 18 Sl

b Bl S lnl Cpf s supl adg Sl 5 S )5 lge 4 0p)l nl ase> e il
ey guw S 5l cpipe yioghS FYTOY Coluns b ases pl dg) 0 jlod a4y (S5590g,0un oduomy Molei addllas (4l
sdols g Bl slacuds 4 500 sg Sl 9 35S 0 2 0 |y e Feee Sl e €W b 53550 (0515 By g SlinsS
925 U SlansS ogbye g 35w bulyd ) 6 pSede (ol lacwd (SIS ng £95 (nl D9de (ite Glwjet
asg b Joloe pl pogMe il o eNenl ad @ 1) ET JlKe x5 295 (6355 45 S 03,5 sbou] s S
&y 059 4 pgmme s ylol (65)9LES 03 yinS dmwg ol 43,5 1,8 (clabl o Sl claylis cov p3l claans y3 g,
33 03 S s g s j0ed oy Ay 0l 0,033 g B g5 (6l dimie (glavs clin] (S Wle (6l Y guame
S 5 oS Slo3g3l (Soislsyun slosil b s Same 4 5 038 05555 |y o (oo Sty (g3l (58
ST ey 5l i |y iz 5 4l Jubod o gt e Gldl 5 b (Slapins Slie gmg> el (ol (V10)
.))L.»u’ﬁ

loyite Gl sly (5)900 5 T (sl & 3T slmamd )3 59 5l Somis (69lib da Sz cnl L aealse sl
2 e gl oSl Cubls ¢ yloa 5 oyl 50 (edaxie Oldllas sl ek )0 .Cuwl 0 s S5 sla wlie o Jae
L),u.u)?.’ ua.>l.w 9 ET uL\.A d}S 9 p.a.ﬁm.m M (U9 b)‘sbLo L;Ltbo.)‘.) )1 odlawl ‘.} ‘)yL.u.u Cudd S99 » (\VRV)
duglio b ((VFer) Lo g Wgl 5 (WYWAF) 5500)8 5 gy lawy eSS slajingh .Sile, il 4 1) (NDVI) alS
Lo ;5 (MODIS) lojlanle (slaosly Sl SS&5 51 U slacuahd pac obs)l g SEBAL o olags X
S50k ysRenl bl ;o puls C8d p Wl o do > U canlio ;931 g otimiw bl a5 Lol lis (Landsat)
asloodls | oslizal (gl p3¥ Hld by, slol Glllas cpl 608 1ab (Soigdgyhen bl (silodnd g olalS

- Allen
2 - Mirales


http://dx.doi.org/10.66224/jsaeh.12.4.3
https://dor.isc.ac/dor/20.1001.1.24237892.1404.12.4.1.4
https://ndea10.khu.ac.ir/jsaeh/article-1-3493-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2026-06-11 ]

[ DOR: 20.1001.1.24237892.1404.12.4.1.4 ]

[ DOI: 10.66224/jsaeh.12.4.3]

v 0103 9 030,000 | .13 S/ iniiag G 5 pesbed Casiloly ko 5 5 il ST

o329 & (Sl Sl muiita ;3T gy lisios I (00 sy o oPlS (BB Ubyy slabs) j) 51
Jods g8 oS iy lis (WWAA) Cawgye Haulild g (giy0l,8 0,5 Sl .l odgs ET Seolisd y o ) (605 yo
Sl ole ) asl cpl 9 oo Jouily 335 9 1 0 (e BB Sl 4 e (25 9 s 2 4 &l
01> LS oS Oyg e yloll 53 (Vo¥D) o)) So ¢ yaadent g Jijp 3 (Y+30) o) Ko g 5L (Jlio (sl nilonds ol 35
(shad BT (al33l g QUlgy (ol 4 jomie o5 sjpglitS (o2l b 830 9 K iile (o slo gy (20l oS
Cree) o slod Gl L) oo LS & (VYY) (e g g2a3)lar imngfy diile Slalllas JUS' )3 «lidod oyl 09 o0
ooy syls byl lS b Lo yo losons 4 Limd e (Ui by 4 ctia)S o |y IS by s ¢ (LST)
Jios L (VoY) 2o g s bawgs & ET (38l Slea L9y it 5551 5 of (Mo (5503101 5 5 s
13 155n 0 4 ] elacdled g (onld] S yusis 45 15 o 0085 |y S5 () 0k Mo g Al Tr slaosls
s ol G5 Gl g Gl a2 4 sy co e o

s ol > Oy Clalllas &5 a0 0o (L5 385 oy So dotngy | Wiedyl dsgere nl o) e 529 cl L
b ey codby b ol swwlael W86 woly codgaze s & cladsd ol 5l gyl diwe pasie o wlS
251 oyl €85 (psSanli 955 cuiS 501 b g5y5liS sblie 53 g yel cul lodgy Vi (Sl 955 b (o lgnle
5 5 Ol g 4By b g Sladl Jelge oo odzmn OMlS ol Jubos a4 ldllas 28Tl 1 Sare 25200 Sl
258 01,36 ET 1, (ol U] sladSics 5 s 1506) (Slgybet (el 5 (6yll (slosSIl o byl o) Slyusis
Wile (M8 (sladdgs )3 ST AHTPONIO Wl jois asedo (A5 9 BT (Sloj= oldd Suslid | (A8 pgad s
L™ (alolid jl g oud d930m0 adg> (o )3 bawgio g (IS slosiy gy & W Jelod QLD i oyt )3 09)8
iloilojly et Sl & YU Cowlas g bad olad Sluenal gl a5 able L' (Hotspots) ¢l

wop P ET Ol Slojm ol 5 (cwbioriz ol> oo Bun b p3ls (g o Sl (s cpl 4 Fly 5
o1d (b Sl el (6l Sy o (Sosdsn sl 51 a8 il g VYT BYecn Slojoyes (o 0198 52
€85 (gly) Landsat 5 (53,8 iloj Lids sly) MODIS (gloodineius j| onsiodin slmodls uils b asllas ]
o316l G Jls 4 {GWR) (aldlie (igiee cosmmS) g & by (5lol slo gy (558 4 5 (Y SIS
b s ol e Jalse g BT plo slianlpnd Gl bilyy Sy 4y g aib) 51,8 S Libow

230 b adllas ol el atig o (v 9 42k 0S5 0 S ol Lol gl e SIS 5 gl
ol ol 5 b sl Sl lojen Jabos Yl s b cslaodls 1 adlitl b gults 585 omias ite]
GWR oo 31 aoliteol 435 oo 3 1y cymiy <linions 55 gm0 s0alS” (cloblSd cdth iy g5l Jto oyl ) ET S
25le lolgs 9 ET o (loxe g yuito Laly) e JS' gl bawgio g <ol dlasly o sle 42 b 0yg0 00 ol 1y ISl
Sidarier dine 5 (ks LI (B g oMo S0yl S il e ) (Sl S g5 g (BLS g ded
Sl ele 2l Nlgee Giagh l @ e Sl et upde g Jes sbap)S wyp I iodie
Ologouas ¢ sldnwgs ol 15U 5385 S g plvcaw] Bblio glolis b3yl wald OF mlio ol pte 5 ol )18 b
Ales 351 49,8 asgs Sl Ol plie bl copie lyp ¢ pailals]

Rty FELLNTY

aafllan 8590 SIS si> g ol .

ol 0133,)8 Bl eyl GE2g) i 2 5 isb 5 il Bl 4 09)S GB3g) ol ddge s 3,90 adlais
goite blpd | aue )l L3S S ((S9IST 5 2l slaie Sl mye JraghS FYr e Wl nlas b ags ()]
@ gl glis)l g 035 Al3gy ol daiizp &5 558 5 Jlod 3 )S15 (SliwsdsS s Sleli)] 510,135 oo ioled 4,


http://dx.doi.org/10.66224/jsaeh.12.4.3
https://dor.isc.ac/dor/20.1001.1.24237892.1404.12.4.1.4
https://ndea10.khu.ac.ir/jsaeh/article-1-3493-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2026-06-11 ]

[ DOR: 20.1001.1.24237892.1404.12.4.1.4 ]

[ DOI: 10.66224/jsaeh.12.4.3]

JFoF oF oylouis Y 0,90 i olrro il pbloio o lis Ldoi ¥

romk Sleli)] 3 & G g g i ol 5 Bl el b o by gaw Sl e Feee )l i
FE ol laplal S wrd SIS g cud cpl bleioe G Ll )9S (65)5liS daB lgie 4 g aidly il
b 013138 Ui Com 13 e sonlBl £55 ) 1l 03505 ol Adgs Jsbo 13 (i g p,5 b SliwdsS 3y wal8l I gn s
b Sislojl Sy ]y ad el (s e dmogi g duxte (sl gilutis bl g 03,88 (65,0l e sl (gl
el 413l S 1)) sy (Sl 39555 5 old] s o S5 I50em (S o oy Mol asllas sy Jlo
Sl Oeizzan 5 )5Sy (6551 Mg 5 i el DT ol )3 o] Syl Cmal s 4 dgs ol sl

b o ole A g o ouldl i ply > o] depdie

o139 gl 1 £4i )
£H10

34°0'0"N

33°0'0"N

39°0'0"N  42°0'0"N

300N 00N

30°0'0"N

°0'0"N  27°0'0"N 30°0'0"N  33°0'0"N 36°0'0"N

29°0'0"N

Y a0 sla asss

2945 Lol o ads> 550 — )
AR E 40°0'0" E eI Lo E SonnrEdS00"E  48°0'0"E  S1°0'0"E  54°0'0"E  57°0°0"E_ 60°0°0"E _ 63°0'0"k

09,5 Ao bl i Caxdge ) JSS

)l’ Js) 9 osls .Y
MODIS glvosts A=Y

MODIS o 5,l5lil Vgm0l (ibsy 4l GAdl (riopad 5 (Sojubom cloywito plae] sk
@ bodly pl o3 zlscul e b0 S S8 les L (Moderate Resolution Imaging Spectroradiometer)
Sodily W9y s Jelod gl fojo) VU ailjs)) Vb (Sloj S s g (0sSU Ve Jlo ) dgy Sloj Sidigy S

5 45)ke okl 3)90 Y guazee Wigd o (A dingy 03> @te S lgie 4 ad g Jooe sbabn (b

Giudibs gly 4l il e 4 (MCDI12QI1) pwdge (oo yidbgy ¥l Jgams jl:(Land Cover) ol s
L35 ool

S5 S, lyie & (MODIZAIL) ojg, V8 S5 Jpane 5 NDVI) o Jloy (LS gy Judlis (sl
A gl (Bl Gibs (g3 Cullsd g 0515 oMl (4 (proxy)

S5 M il e )3 oS el S plgis 4 (MODITTA2) o) A (oS 5 Jguazme 5 {LST) (e g (slod
5 o3l (So5gdg,den (slatinl b g ans

S5 S e b3l sl (MCDA3A3) oS g5 s3ill 039y A (55 Jpano 31 {Albedo) gau
)5 il (05 oo | (5305


http://dx.doi.org/10.66224/jsaeh.12.4.3
https://dor.isc.ac/dor/20.1001.1.24237892.1404.12.4.1.4
https://ndea10.khu.ac.ir/jsaeh/article-1-3493-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2026-06-11 ]

[ DOR: 20.1001.1.24237892.1404.12.4.1.4 ]

[ DOI: 10.66224/jsaeh.12.4.3]

5 0100 9 030100 | .y (o iz (507 3 pud Ciloly ki 3 o5y 5T

e sla b 3 ol iy it lgis & (MODI6A3) 59 5 s 9¥Lo Jgamo 5 {ET) 30 5 s
Sl Bl 555 g e ) byl S g 4l drngs culom ey oell oll 2 Jpaseo ) S 4B S 0y
LA 0

Landsat glests .Y—Y
olsale yyglai 3l MODIS (sbaodls jlonis Aoy 5] idbey (slaadids (Accuracy Assessment) cows obj)l jslaie &
Ground )" _uej ciis" b x> e (claodls flgic 4 (520 Y+ ) YL Sl s b (TM, ETMH, OLI) (clvosisiun cosii)
SSE g5 sy o) G5l .l olizsl (YoVY 5 Vo¥e o0 XYoo Yool Feoo) S bl gy (Truth
Fosliaced)> glaodls J| Jols s (i lisl g ()] Gy S psMS 53:8> (ol (ISl oSl (f (VL SIS

23,5 45 (USGS) ossxio VI awlid e ylojlo 0313 ool 51 lmedls ol .5 5] oo w2l 1,MODIS

o34/ ouldl gbrosts Y'Y

Climate Hazards Group InfraRed Precipitation with Station ) o3l> ol 51 ()b usie 4 bgsye (5w (slaodly
(oo sBoliusl (sloodld 5 50,8 yadle (slojlgale (glaosly 3ol b wdly oL oyl La00)5 2]zl CHIRPS (data
iangS Sblio (sl 039 4 45 and o &) 03,58 o iy 3 (siashS & 3935) Yo Ko 25009 b1y sk oM
Dgd e Cgune QIS B gie 01 5l alaise ale Lsodls

Los1d i 318 i F—Y

b 31 b was Las (@nnual ComMPOSItES) aYls el 5 4y ¢ it 5 (5 phuned] gz j| g (8 5wy sloodl>

098 429> o il g Gilogluen yio Be v S yide (pdoly)) 4 (hadgd (aligyd (o) b e b Rl (STl
LA 0ol by

S0 ()51 9 (5 g sdiud DY
(2L Libgy &5 y0) (S i jd ealS sla Sl sl o)) ik (slaasias MODIS (gyi0 8¢+ sboodls 5l oolazwl b
cald opyubn oS WS o Gk Jlen] olol g 1) JuSy s )68l (pl 1005,5 0oy (Maximum Likelihood)
2 ol g A o gl )b WS ol (oBjsel sladigai 1) (LuillasS meile 9 Sl bl ) o)l
Linear ) s obile by 5l ¢ Sloj sbo Juloo cas dwsn (Sloj symw <SG dbul (sl g b dpnle Jlo yo j5 oS
il lso 0 odlaitnl  She sla Jlo > Colus ess )y (Interpolation
Slosds (gandids wyd 4 &S Cul ol JuSey S s saiad ylis ((Overall Accuracy) JS cows
A

T

5
e 204

czowle JoSo JS slass N g i LwllS eaubgaivaiids wuw)d gl oS dlasd 12 aS

i)l 9 S (o Blo 1) (il 38lg5 31 a5 sl g slmosly g oad (ganadl 4l G 3315 5] S)bme L Gyl
W8 1 oYL Hls €8l b ganadb &S o lis cos byl gl aed e &) sadils 5 Sles (65 548D

A
-1

=K

9 %AF 1 Liw o Jlw plad )5 LIS cums aS sl glis aoli .l jUasl 5)ge cusus P g sadeamlie cusus P oS

() Joaz) wawl . AR Sl Gl LS o


http://dx.doi.org/10.66224/jsaeh.12.4.3
https://dor.isc.ac/dor/20.1001.1.24237892.1404.12.4.1.4
https://ndea10.khu.ac.ir/jsaeh/article-1-3493-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2026-06-11 ]

[ DOR: 20.1001.1.24237892.1404.12.4.1.4 ]

[ DOI: 10.66224/jsaeh.12.4.3]

JFeF oF oylois Y 0,50 o lamo lpblio o lds Sudni 4

Lodls sl p F—Y
sloodld solos whglaio (gdas (sladialy g (6550jlul slansly b olaysie (0,8 dunlio JB o (gilws,liilinl jolaie o
Ll 1 5 ccanl Sl o pisiotis w5y sla Julos (clp 4T )8 ol ad (gjloJloy Z-SCOTE g, 5l odlituwl b dtuwge
5055 5ol slodan 1al8 5 (NDVI) sile (S8 slie b (gl sitio  LST) aslo (53 oo b ol it

1045 3kl Z-SCOME yog) b diwsgn (slb piiio iy oo (6500 pond CubilB ouw )5y ol s &
a i
ar

Z =

vzl Gjlsme Bl O g ueSolae (L coamlise Hlade I asS

Gyl b Juds .Y—Y
0be 5 (o)) by M 5o Colie Dlpis () (g2 sl (BLEST B SG plgis 1 5lej (e Sy Jelos
Jedod oyl eoliiw] Microsoft Excel s )3 o jusiodis e )5y (sla Jdo | e coul8l o (o580 (sl pusio slasgs

D) SaS ddgs (M wlie o ) e il S5 sy o ol sl e lulil 4
GWR L Sl (g5l Jie
slaysie 5 (€1) 355 5y o balg) 5 G (Slusal Lo polaio 4 (GWR) (ol (9590 gm)S) Jelos
Cygo d g 0090 Culi Lad )0 W pusiio oo baslgy &S Cuwl Hlgiwl (1538 cpl p GWR 00,5 solal GWR s jl oy i
WNAD puddlS yj 2 yas 4 ATCGIS Pro yl38le 5 )0 Jao ool (sla ol )by i8S o yond  Joxo
ool Cygo 4 aS olaedly (gl igy oyl (Sl J5)S) Number of Neighbors :Neighborhood Type -
ol col )8 51 peslio clods o081y
W odliiwl a3y (e (Silen ojluil iy yai (ly sae ] :Number of Neighbors 80 -
Sy (159 Solmad )0 J5 bles 4 oS mly S o & Local Weighting Scheme Bisquare -
(o yuxio (gjlwdyllinl (gly) Jbb :Scale Data -
18 S Oy paw 93 0 GWR il o)
(AICc) ST SleMbl jlxe 5 (AJR?) osis frawi RZ pubss oo ybino oy 1 IS caseis glaolol oo -
e b 4 s ol 5 (215 5 e slaJls 1> Jao S35l Al sy
b olad cladses olwlid jolate 4y ouds 5 luilinl laosle Bl (slaaids puwds osilo 3L olad flos -
39y o5 bl Jae p3 a8 (Sl e (slaan]yd zlizwl g (Underprediction) 4 (Overprediction) bl
8 Ll BT bailgy (S Sluenl Joloo sl (2l 09jse (g5

o

yi = Bo(ui,v;) Z Br(u, vi)x + €
k=1
Looile 8L adudi g LIS (b))l slp AlCC g AdjR? (glaelel Lol (gjlws)lasbiuwl aslues Bisquare: Ae (J5)S :leyiol)b

A ool (plad Jud=i glp

3910 5 V=Y


http://dx.doi.org/10.66224/jsaeh.12.4.3
https://dor.isc.ac/dor/20.1001.1.24237892.1404.12.4.1.4
https://ndea10.khu.ac.ir/jsaeh/article-1-3493-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2026-06-11 ]

[ DOR: 20.1001.1.24237892.1404.12.4.1.4 ]

[ DOI: 10.66224/jsaeh.12.4.3 ]

\ 0150 9 035300 | ..y (Sl ity (G525 5 i Cusdloly ol 5 (5 by 5T

5l edlatol b g ArcGIS Pro v3.4 ljsle s o bais ags 9 GWR sla oo (S slaodls bbby ol plos
5 o slaodls oyt (eSS g)lol (sla Lo .c8,5 sl Spatial Statistics ¢ Spatial Analyst cla ) plass
.y & yaeo Microsoft Excel )ljale 5l eolatwl b 50 b ylyges Ay

o9 R sbasl

90 LI Ky glai 1 ooliiw!

MODIS (slo,lgalo 5bas ;| )18 5200 g )3 a0 hans Laslys g (o)) gy (Sloj g (SSe ol ynis oo 2 poliaio &
SN NN Feed Veow sl s a boyo sl Jad polad jslate opl (gly 105,5 oalaw] YoVY B Yeer Slojojl o
oS eilin (ol gl iy 5 syl o rled ke (63l )Sl 5 Galed Ca 20D Sagloyg 5 4 VoYY 5 Ve
b a8 5 I8 o (False Color Composite) iS5,

. -
2023 A | omidse kit 36 (55 9ua “ o [[M] 2020 b |
0958 321 239> 9390 o it

¥ S

‘‘‘‘‘‘ + coneimeter squan 30 hicmeters
o e o Scae: 13,000,000

¥ o
I_l!!l 2015 | mpdgn sz 38 K5 pipas w . Iml 2010 5 | oesdsa stimin 38 5y upens - "
g B O 0938 5247 Shg 035m0

P s b 1

Avs B Ay N
|!]_,!| 2005 July | ssse otimin 35Sy g W&, I!!!I 2000 jub | sge stimin 38 i) g W o
e 098 3] 39 S350 <Y . 008 ] iy e3gne

- o racers 3 corcimater squais 0 wismatars
EREY w1 o Seaie 123000000 ) W e Seale 13000000

095 351 059 0390%0 VoYY U Yeoo Jlw 5 5wl Jaad pwsdge alizwiow OB p g .Y S5


http://dx.doi.org/10.66224/jsaeh.12.4.3
https://dor.isc.ac/dor/20.1001.1.24237892.1404.12.4.1.4
https://ndea10.khu.ac.ir/jsaeh/article-1-3493-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2026-06-11 ]

[ DOR: 20.1001.1.24237892.1404.12.4.1.4 ]

[ DOI: 10.66224/jsaeh.12.4.3 ]

1FF oF oylas i)F 0,90 o Ao Ol pblio o las Ll A

gle 5 b gblie ((2LS Jide SS& )3 2Vl Cebl (Sye 5 S35 Epmgyd lasily jlodlatl Jds & oS 5
9 5 wSE 5 loged Sy a4 (SB g b 3blie oy g (1) jo )b S5y 4 S ol 0 LS e b )b
— e Sl 1 gy S50 5 2 ogdle IS B sl el iy Wisd o el lojerd b ol S5y 4 ol gskans
8515 ool )90 Wosls plo (riwcions g 93l tonin sl yite gliinl ly olie g 4 (Sl
A g Vi d cunnd (ol yf g9 geasaiub g false color yglad
Dibigl &5 y0 Aile) LBl Lidey sl WM b slacold (gilwdins p glyp cawsd glaodls ) false color ;glas
¥ xb) Red (0 L ¥ wb) NIR (ol oS 5 550 3 (g jlopladllo ol slagye; oSSz «gjsliS 28
b St ) @y bl cred Bblie 50,8 diy (Jrgo b 50,8 SOy ]y (alS Jidg (VLY i) Green g (YL
S lis u.ﬂ

N N
5 lf?jl
m 2015 Ju\ B tameta) sukiamion 36 K5y yigeai [H] 2010 N7 amentdd s btininn 38 Ky g )
o 0955 327 o1y 039ama w 4 AT 0958 307 sig 039dma W ¥
St - pin s

1 N N
m] 2023 sy 8 et sticnie 36 Ky pgas ) ) 2020 Yy B aseid sukiominn 36 i yipests )
o O35 T 39> 239dne W B y 09,8 30511 0)9> 0334 w B
St v Ssikn v
s lusl,
] wolettien wogane
R Rea: Bana )
B Green: Bana_2

ce .
Name: WGS Name: WGS
1984 UTM Zone 1984 UTM Zone
39N 3N

PCS: WGS 1904 PCS: WGS 1984

[ '
o = B g o 3.000.000
N
‘iﬁ 2000 sy 5 Canods) 8azmie 36 Ky ygead
v 0258 302 23> 233ama b &
S ]

Narme: WGS
504 LT Zone
™
PCS: WS 1904

395 325010395 23905%0 Yo XY U Vo oo 5l 51 Cowdd QI Ky pguad ¥ JSWO


http://dx.doi.org/10.66224/jsaeh.12.4.3
https://dor.isc.ac/dor/20.1001.1.24237892.1404.12.4.1.4
https://ndea10.khu.ac.ir/jsaeh/article-1-3493-en.html

0150 9 035300 | ..y (Sl ity (G525 5 i Cusdloly ol 5 (5 by 5T

2026-06-11 ]

.ac.ir on

[ Downloaded from ndeal0.khu

20.1001.1.24237892.1404.12.4.1.4 ]

[ DOR

10.66224/jseh.12.4.3 ]

[ DOI

Contusien watrbs - 2003 cnfusion Matria - 2015
Overadl Atcuracy: 96.16% ol Aecuraey 45.98%
Preductrs Azeurscy, Croplanct: 96,415, GraeelndRangalsn: §3.00%, Bard [snd 02.90%, Foraet: 00,135, Wstor: B9, 3016, UPBan/Bult up: 96 92% PSSLEGE ATy, OB 3 0B CraTIRANGA 67 3% G 318 52 7%, NS O010% WAt B4 0%, Urange 85 055

User's Accaracy. Cropland; 90.43%, GrasslandRangeland: 62,82, Bare lard: 78 3%, Forest; 77, 29%. Water, T9.19%, Liban/Bull-up; 80,675 User's Accuracy: Crogland: 9215%, B3.90%, Bara and 52,255, Viater: 81.02%,

gt © u s Coplons =% . x
o
s
[re—— i n . [remm— W . s
o
)
. [~ 1 o ) I e 2 Y s ]
H 300§ 3
H e
] i
£ 3
< [ r 1 4 ° ° £ foute 16 s 1 195 s o H
20 e
w5 ’ 2 ' us o n . L o m 1
a0 o
. ' o » w g : . "
3 3 ) ' ] " -
z z 3 ¥ 3 z 3 H )
z 1 H H H z i H H H
LA |
i i
i H
H H
frecicted Class predicte Class
Contusion Hatin - 2000 Confusion atrn - 2010
sl Acclracy 48,0305 Guersi cursey 45,30
Preducers Aceuracy Croplanc: 66.64%, GrossiondiRangelsnd: e 0% Hore s 35.07%, Forest: 5515, Water B8 6416, Urbar BU up: 91.59% Preucers Accuracy Crapland: 9.81% GrasslanRangelanc o0 635 Bart A 83 5% Forest: B7.31%, Water: 50.91%, UrbanBLUeS Lp: 67.85%
s AcCuracy. Erop1nG, 1163, Grasslondongetond, #3.05%, Barelan: B1315%, Fores: 7 5% Vater B 67%, UrbonvBultup: 51675 User's Accuracy. optend; $3.17%, Grassiancongelond, 86,215, are land 52 43%, Forat: 84.59%, Viate: B000%, UrbanvBult-up: 5 45%
e = ) n 2 g = = ) n
w0 -
g 433 u . . G 18 . . :
o “o
. 3 3 . 3
. [ f 2 ) 1 R RN f : H
5 w00 S w00 d
2000 e
s - o . w . [ . : o m o
e .
IR f : . o n [T : . o
. . - . . 0 . -
3 3 3 H i 3 3 H g H H
2 H : H i H H H H H £
8 H a K 4 H 2
i i ¢
H H §
1 i
Pracicted Closs Prodicted Class
Lo
fusion Mt verall fecuracy. 98.65%
Somtusion Matrlx . 2029 Produce's Aceurscy: Cropland: L 644, GrascliriMarge and: 4 91, Bare land: B4.77%, Foreat: 86,053, Watar, 00.01%, UbanBuilug: 88,795,

Qverall Accuracy: 88, 74%
1 80,455, Grasslandangeland: 8 4%, Rare land; 80.00%, Fwe-kgllﬁ‘u.\\llben 87,885, Urban/Bui e !1 55%
06, Grasslan dimangeland. 66.32%, Dare lanch BL6G, Forest, B0.995%, Water. 62.27%, lrbanult up 4.

Prosducers Aeciicncy: Croplat Users ACcuracy: Cropland: 90.45% Grasslindange and: 08 22°%, Bare lard, 02.32%, Forest: B0.43%. Water; B2.19%, Usenuit vy 19,035

User's Accuracy; Cropland 92

u » 9
o] M o
s
[— . - .
P— N . .
an o
N soatd . 3 : §
N - \ . " i ; i
g e i H oy
= § I :
E H 1 a1 u 1 w 1 P
e ) 2 e o : :
0o o
- s . B w :
wan- s . P 2 - .
-~ o
[ 3 . " “ g 8 . . o . "
" . . ) " . -
1 5 1 P T
i H i < L ‘ v H H 3
N H : : i §
H i :
5 H
Predicted Clnes Precsictr (lass

VoXY G Yoro b Jho olyl (605 gy dlab Como ut yilo ¥ JSUS


http://dx.doi.org/10.66224/jsaeh.12.4.3
https://dor.isc.ac/dor/20.1001.1.24237892.1404.12.4.1.4
https://ndea10.khu.ac.ir/jsaeh/article-1-3493-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2026-06-11 ]

[ DOR: 20.1001.1.24237892.1404.12.4.1.4 ]

[ DOI: 10.66224/jsaeh.12.4.3 ]

1FF oF oylas i)F 0,90 o Ao Ol pblio o las Ll \K

S i 25l3ate 2000 Jie
0355 32547 233> =

5356 1T 839 239dme

3 5
& @ uEfl il kb B e A A " @F

9358 301 2jsm 53gama

, v >
“6@’ [Ig]:l] 8 ot 5515302015 e (p0h} (5 dLtatl \\@r

iy

&,
e

g %__

| N I e O L L t"\ilail Ji, n 1
N
B Camndi! 3515212020 Ul (o5 (S0 aili " N
535 AT 633 835:Ame dat # Il 8 ekt 53158102023 Ui b S8 ik W@a

T L e

VoYY G Voo Jlo 3l 5008 520l 0j9n A U O Cownid i1l (60,18 antis F JSob

N
8 -5 i oylgale | 2023 U 2000 Jlw (9] 0 walnsis 4dis o g 5
09,6 50507 89 639 Am=a 3
S

Spatial
Reference
Name: WGS
1984 UTM Zone

39N
PCS: WGS 1984

KKilormeters 1 centimersr squals 30 Kilometers
o 26 50 100 150 200 Scala: 133,000,000

YoYV U Yeor Jhojl 59,5 300970595 AU O Cowsd (o311 (50,5 ol g duiils O JSKS


http://dx.doi.org/10.66224/jsaeh.12.4.3
https://dor.isc.ac/dor/20.1001.1.24237892.1404.12.4.1.4
https://ndea10.khu.ac.ir/jsaeh/article-1-3493-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2026-06-11 ]

[ DOR: 20.1001.1.24237892.1404.12.4.1.4 ]

[ DOI: 10.66224/jsaeh.12.4.3 ]

1 O3 9 030300 | .10 (Sl gy GpaT 3 puind Cusdloly o 5 (55l 5T

(Yo¥Y-Yooo) u0g0 ouicniw (01 51 (5 321 (sidinb Cono (S ) ) Qb Jukoxi

o3l 5l 6ySopme L (VoYY g VeV e Fedd ¥ Ve Ferld FVove) Sloj alade i > o) (605 (ganadd aol,8
&S 9 05 byl Sl ol gl i plodl (Maximum Likelihood Classification — MLC) 550G Y posuSle

sl Jelo BB 628 Sl WS (qw) 9 (Sloj N9y oIS gaw dw )3 g 0392 gl Jo 3 Slee

Juwe & Shos U5 Julxi

0dly L IS1 LB 5 Ggllas (65,Slos ¢y y50 (sl Jlo (oolod 13 350alSHY paunSlo wi oS o (sdad b Jao
lasandils (cly powyo ailinl jl g 0dg Juoyd AF 51 5YL Lo yg3 4lS” 1> (Overall Accuracy) IS covo adls .l
o Yoo Jlo 0 2o AV/A LYY Jlo 3 2o APIVD (4 (IS Cono aialy .l aid) 31,8 (auo > AQ) YL s
& cdS as g oS Hob sl Jhe 5, Sles p odly LS g Sl bl yd 15l ko (6 sy ol ol 039
ol 428l adllas 5)50 adg> plide 53 (S ) SN SSE )3 (VL 215 350elKY popuSTle w5l

axdlle 3y90 (s JUo 1> (urdle siswiun (51)] (59,5 (g adb Cdd

0.96
0.94
0,92
0.9
0.88
0.86
0.84
0.82
0.8
@ N & 00
@ QX (” & &‘b &‘1’ & \ro \fo & & &‘1’ &
Y*QO) cﬁ& Y59} N Y59} @ & Q@Q &L o@ @
D R 5 $ S 5 & Q & & S 9
> 9 Q &‘bf (9) Q & > Q Q 4
R S R L S N
S S S
O 006‘ ® &Y' N ® e}?* Qc?' Ry < 2}?’
IS R ¢ od Ao S 5
,&0 60’ 60 %QJ& Q%Q} 0 0

= 2000 l§005 2010 m2015 m=2020 =2023

YeYY G Yerr b Jlo 10 ok cvsmiaw (oolyl (630,15 ooy adub cdo Hloges & JSCb

VoYY G Yorr 6 Jo jl puadlo 0,l9nle sk i Como s il Y JSi5


http://dx.doi.org/10.66224/jsaeh.12.4.3
https://dor.isc.ac/dor/20.1001.1.24237892.1404.12.4.1.4
https://ndea10.khu.ac.ir/jsaeh/article-1-3493-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2026-06-11 ]

[ DOR: 20.1001.1.24237892.1404.12.4.1.4 ]

[ DOI: 10.66224/jsaeh.12.4.3 ]

1FF oF oylas i)F 0,90 o Ao Ol pblio o las Ll \Y

05 gy O ki 4 B gy g0 (S ASL

21 el Glogpladll s g (JSi ol slace) 55,518 (LS Sbayl e 2] Sy (Sl puMS Sy Laosls
Sl g 2oyd MATY oM (b sl )l soly VWAIFDD: Colue ggome dimd oo Ui (9 S adgs

33 Slgs e GWR 5 Gy 5 pes slo ol b guls imd o LS5 1) duoys VWY I8k

o0
1S s 1590

S S

B
@,
=

B3b,

L e T i s

YooYV U Yooe Jhojl 09, 30070595 33 (390 8ot (o8, (6 50,5 duids A JSUS
™~ N
g

M 2023 52000 Ul | coubss saasi Ssbl (55558 Elas aams W@F

bod 5
098 0l 0je= o39d>=s

$INTIENs

Spatial
Reference
Name: WGS
1984 UTM Zone

PCS: WGS 1984

| W | L I 1 1 centimeter equals 30 kilometers

o 25 50 100 150 200 Scale: 1:3,000,000

YoXY G Yoro Jlo jl 9o 5ol 8505 53 (omsdee oiomins ol,] (632)5 Ol sk s & JSUS


http://dx.doi.org/10.66224/jsaeh.12.4.3
https://dor.isc.ac/dor/20.1001.1.24237892.1404.12.4.1.4
https://ndea10.khu.ac.ir/jsaeh/article-1-3493-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2026-06-11 ]

[ DOR: 20.1001.1.24237892.1404.12.4.1.4 ]

[ DOI: 10.66224/jsaeh.12.4.3 ]

W 0150 9 035300 | ..y (Sl ity (G525 5 i Cusdloly ol 5 (5 by 5T

o1yl i g3 S WIS Colino O gk

RS colus &l i

4 VAYR ply Z-score L Yere Jlo jo )liSe FAYANYO | (5)0liS colue Lials snmd i Ll ol Jdoo
Ylaisl 5035 duoyd £A+ L HlSa FYAAR s alS Joleo oS casl </AYY il Zoscore L Y+ VY Lo j LS S5 +70
Voor Jlo o )lSa YAF XV 5l alS i/ &y ( blie ) .Cul ool) (608 slaculus b auldl @lyuss 51 50
YEEX 0 Joleo (g0 aS a8l o33l </AQF yly Z-score L Y+ VY Jlo o )i FoV e S VAL 4 -V/AVA ,ly Z-scorels
bk £V Gli8l b Ss colue Caslag)5 bas b aub sla! (Silo g o o i 1) duopn £AF | S
Py Z-score L Y+YY Jlo ;o ,bSa YYYYe e & =V/AVE ply Z-score L Ye v Jlo o )l V08 v 5l as s FY/VE
V0Y ply Z-score b Yeer Juo p )l VAAND. 5l oo Y/¥S L S SAS e s, b ol (oS sl osgwy VY-V
LYeor Jo o )b 5Vl b sy ol 03)S" uss VY5 ol Z-score L Y-YY Jlo o ,bSa Ved\ Y o
L ,kse VY- Adr Joleo oS @Bl isl38l —+/VYY ply Z-score L YTV Jlo o )i YWY XA. & —V/VY il Z-score
Z-LYerr Jlo o kS Ve ¥V e v 5las s VI LS YYOA 0y b 5o by ladl/ (g s (650)8 .l do p3 VE/VY
<Gl oduwy YIYAY ol Z-score L Y-YY Jlo o )iSa \WWEFAL 4 —V/FVY 4y score

SIS a3 WS 2 Co b
12000000

i
=1

o

O AN M & 0D © I 0 O O 1 N M < 10D © I~ 0 00 O 1 N ™M
O O O © O O © 0 O O d d A d A o d o 4 4 N N N N
O O O O O O O O O O O O O O O O O O O o o o o o
N N AN AN AN AN AN AN AN AN AN AN AN AN AN AN AN AN AN AN NN NN

Hangas TSe W als piislee Mol Bl g Bedls plalles
9 &y i3l g 55,9WS (il aidd L)Y e YY=Y e 00 ) SI,1 gy (S WIS ol 3y sl3g00 yl3g05 .Y o JSCd
(S8 sl 2y

Z-score o Jlo b polio Judod

b wlio 150 ot 1y 1Sibe 1 llosl b cdy JIS ay ba oS aws &lposs auglio o (sjlwd lulinl (sly Z-score
G Haals o VAYA ply Z-score LY« ++ o jd ddol ade oS cunl +/AQ (5,0liS Z-score (1Ske a0 lis calises
2 bl gl s gyll —+/+Y ply Z-score pwShe b @y ad o oLl 1y +/AYY ply Z-score L Y-YY Jlw
Koy /¥ ply Z-score ke b (gy0ad (65 sl @Bl ioli8l +/AAF ly Z-score L V-YY sl 30 sl Jle
bl e /oY Sl b JSis sl odgany Yo Jlo 50 VYAY ay Voo Jlo 3 =V 5l a8 08 o sl 1) (68 (s39m0
b e e Wlyew 55 o NAL b sla e g +/YE


http://dx.doi.org/10.66224/jsaeh.12.4.3
https://dor.isc.ac/dor/20.1001.1.24237892.1404.12.4.1.4
https://ndea10.khu.ac.ir/jsaeh/article-1-3493-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2026-06-11 ]

[ DOR: 20.1001.1.24237892.1404.12.4.1.4 ]

[ DOI: 10.66224/jsaeh.12.4.3]

JFoF oF oylouis Y 0,90 i olrro il pbloio o lis Ldoi V¥

U".A‘J| J..IJLS Galaa (Z SCORE)“J"S‘ dL.AJ.; J\JJ.A..I

3/00
2/50
2/00
1/50
1/00
0/50
0/00

-0/50

-1/00

-1/50

-2/00

-2/50
4 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

—— s ) S 1/85 | 1/40  0/95 | 0/51 0/06 -0/39 -0/44 -0/50 -0/55 -0/60 -0/65 -0/02 O/61 1/24 | 1/87 2/50 2/29 | 2/08 1/88  1/67  1/d6 | 1/28 1/10 0/92
- -1/92 -1/33 -0/75 -0/17 0/41 0/99 ©0/93 | 0/86 0/79 0/72 | Of65 | 0/71 0/77 0/83 | 0/90 | 0/9% 0/98 1/00 1/02 1/04 1/06 | 1/07 1/09 1/11

AL gl | -1/98 -1/55 -1/11 | -0/68 | -0/24 0/19  0/11 0/02 -0/06 -0/14 -0/23|-0/17 -0/12 -0/06 -0/01| 0/05 0/19 ©0/34 | 0/49 0/63 0/78  0/85 0/92 0/99
= 1/05 | 0/70 | 0/34 | -0/02 -0/37 -0/73 -0/70 -0/68 -0/65 -0/62 -0/59 -0/44 -0/28 -0/12| 0/04 0/20 0/47 | 0/73 1/00  1/26 1/53 | 1/46 1/38 1/31
o i (5l e -1/74 -1/17 -0/59 | -0/02 0/56 1/13 | 1/20 | 1/27 1/34 1/41| 1/47 | 1/22 0/97 | 0/71| 0/46 | 0/20 0/02 -0/17 -0/36 -0/55 -0/74 | -0/73 -0/73 -0/72
—— il Ll s e8| -1/41 | -1/44 | -1/47 | -1/51 -1/54 | -1/57 | -1/26 -0/95 -0/64 -0/33|-0/02 0/29 | 0/59 | 0/90 | 1/21 1/51 1/69 | 1/86 | 2/04 2/22 | 2/39 | 2/39 2/39 2/39

E 19 Srted SR8 I35 5598 (oo AR Sl — (o1, sy (SIS ZoscOre g ylaged VY S
SiouiS ials 00,8 diwes |y awns Oy cpl Z-score Jdoo e o ol 1y ol iddey Seolind (sla oSl ¢ g 00
p2l 9l adg 5> e Hll Copte ly ele pline el (] 2 b 5)5 5 w3 g o OO 2 Sl

o b yiol )y O gk
2y Z-score L Y-YY Jlo ;5 o duo ¥Y/AY & —V/¥A ply Z-score L Yoo Jlo > o deo YV/FA I 505 g s
ol Loy oaldl Ol b U8 idgr (il 4 Yieisl g cusl doyd YA/ 03, odima )l a5 cdl Liol53) VY

35 g YL (Sl f3903

60.00
50.00
40.00
30.00
20.00
y = 0.2409x + 35.525
10.00 R®=0.1284
0.00
O 1 AN MO g IO © I~ 0 0O O 1 N M T 1N O~ o0 O 1 N M
O O O O O O O O O O f f o A o A d d dd N AN AN N
O O O O O O O O O O O O O O O O O O O OO o o O O
N AN N N AN N AN AN AN AN AN AN AN AN AN AN NN ANNNNNAN

VoTP G Yeor Jlo 5l anlllan 590 dillaie 13§85 g judid Sloj 6y Ol yusi 510905 NY JSCo
osalS /oY ply Z-score LY+ YY Jlo p3 asls VOV 4 +/NQ ply Zescore b Yoo Jlo 55 asly VAAYA I gu]
a0 o i 1y (1o )d VYA) ;Mo (b