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Extended Abstract

Background: Desertification is a process that causes irreversible changes in the soil and
vegetation conditions of a region, leading to an increase in dryness and reduced productivity
potential. The destruction of groundwater resources, along with other processes, has been
characterized as factors affecting desertification due to the limitations of water resources,
reduction of water quality, and excessive exploitation. Subsidence, which is considered the final
stage of desertification, will result from the increased use of groundwater resources. Knowing
the processes and factors of desertification, as well as their intensity and weakness, is essential
for proper management and planning in this context. Ground monitoring is an effective way to
monitor desertification. Various models have been presented to evaluate the factors affecting
desertification and create related maps for this purpose. Various indicators and criteria can be
used by the IMDPA model to efficiently examine the desertification status of each region in the
meantime.

Methods: The desert watershed in Daranjir, located in the north of Kerman Province and the
south of Yazd Province, includes 12 study areas. The elevation ranges from 925 m in the
Daranjir desert to 4465 m in the Kuh Hezar Mountain. The watershed covers an area of about
22,406 km?, while the deserts, salt marshes, plains, and foothills cover an area of 28,102 km?>.
The Daranjir desert, which measures 1000 km?, is deemed to be the end of the basin's surface
and underground water drainage network. Groundwater data was utilized initially to investigate
and study soil degradation and land subsidence caused by underground water resources in the
studied area. In this way, water quality parameters, such as electrical conductivity, sodium
absorption ratio, and total dissolved solids, as well as water quantitative parameters and
subsidence rate, were collected in the water year 2002-2018 by referring to the relevant
organizations, such as the Iranian Water Resources Research Organization (Tamab), the
regional water organization of Yazd and Kerman provinces, as well as previous research. The
IMDPA model assessed the desertification situation in the Daranjir desert watershed using two
criteria, groundwater and subsidence. To investigate the effect of subsidence and groundwater
criteria on desertification intensity in the region, first, the effect of two subsidence and
groundwater criteria, and then, by removing the subsidence criterion, desertification intensity
was evaluated only based on the groundwater criterion. Geographic information systems and
interpolation methods were utilized to zoning indicators and criteria.

Results: According to the electrical conductivity parameter zoning map, nearly 50% of the
basin has a high salinity level (more than 5000 microsiemens percent), indicating a very severe
level of desertification based on this index. Meanwhile, the zoning map of the sodium
absorption ratio parameter showed that more than 50% of the basin's water resources have a low
sodium absorption ratio (less than 18), which indicates low expression intensity according to
this index. According to this index, desertification intensity is indicated by the drop of over 50
cm in more than half of the basin observed during the investigation of the groundwater level
drop. The desertification situation was evaluated with the IMDPA model groundwater criterion,
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indicating that over 50% of the basin surface had moderate intensity, and almost 20% had a
severe status. Desertification intensity was highest in the ranges of Bahadran and Qoriya al-
Arab, while it was lowest in the ranges of Qoriya al-Arab. Based on a subsidence map
evaluation of three study areas (Kerman-Baghin, Rafsanjan, and Zarand), the Kerman-Baghin
area exhibits the highest subsidence rate between 12 and under 7 cm.y. The evaluation of the
desertification situation based on two criteria, subsidence and groundwater, in the three areas
with subsidence showed that the Rafsanjan area had the highest intensity of desertification,
according to the two criteria.

Conclusion: In general, the results showed that the most important factor affecting
desertification intensity was groundwater salinity, followed by a drop in the water level,
according to the two criteria, groundwater and subsidence. Examining the areas with subsidence
and the groundwater level drop in the study areas shows that subsidence has occurred in the
areas with a drop in the groundwater level in most cases. The assessment of desertification
intensity according to the three water criteria of the IMDPA model shows that desertification in
the region is low to very intense, so that the middle class is included at the highest level in the
watershed. Based on the percentage of the area of desertification intensity classes, after
moderate intensity, areas with extreme intensity, low intensity, and very intense, respectively,
are the highest level. The evaluation of the desertification situation by the study area shows that
there are areas with a very severe state of desertification at a higher level in the Bahadran area
than in the other study areas. This is despite the fact that desertification only has two classes,
low and moderate, in the study areas of Saghand, Bardsir, and Qoriya al-Arab. The state of
desertification based on the two criteria of "groundwater" and "subsidence" in the three study
areas with subsidence maps shows that desertification in the Rafsanjan area is more intense than
in the two areas of Zarand and Kerman-Baghin. To control desertification, it is recommended to
implement water resource management, including monitoring groundwater extraction and
utilizing optimal irrigation methods. Additionally, continuous monitoring and assessment of the
desertification status using the IMDPA model and oversight of water quality are essential.
Developing vegetation through planting drought-resistant plants and implementing
desertification projects will also be effective. Finally, raising awareness among farmers and the
local community about sustainable agricultural practices is of great importance.
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Figure 1. Location of the Daranjir watershed in Kerman and Yazd provinces and Iran
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Table 2. Scoring of groundwater benchmark indicators in the IMDPA model
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Table 3. Subsidence rate index scoring in the IMDPA model
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Table 4. Classes of desertification intensity classes of the IMDPA model
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Figure 3. The zoning map of the mean values of electrical conductivity parameter of groundwater resources in the
Daranjir watershed
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Figure 4. The zoning map of the mean values of the sodium absorption ratio parameter of groundwater resources in
the Daranjir watershed
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Figure 5. The zoning map of the mean values of the total dissolved solids parameter of groundwater resources in the
Daranjir watershed
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Figure 6. The values of the drop in the groundwater level of the Daranjir watershed
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Table 5. The criterion score of electrical conductivity of undergroundwater quality in the Daranjir watershed
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Table 6. The percentage of the area of desertification intensity classes based on the electrical conductivity index of

the Daranjir watershed
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Figure 7. The actual state of desertification based on the electrical conductivity index of the Daranjir watershed
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Table 7. The groundwater quality criterion score of the sodium absorption ratio
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Table 8. The area percentage of desertification intensity classes based on the sodium absorption ratio index
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Figure 8. The actual state of desertification based on the index of sodium absorption ratio in the Daranjir watershed
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Table 9. The criterion score of the groundwater level quantity drop
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Table 10. The percentage of the area of desertification intensity classes based on the groundwater level drop index
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Figure 9. The actual state of desertification based on the index of the groundwater level drop in the Daranjir
watershed
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Figure 10. The subsidence rate in the aquifer of the study areas of the Daranjir watershed
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Table 11. The percentage of the area of desertification intensity classes according to the groundwater criterion in the

Daranjir watershed
Lad LS L gl S Slhllas o3gu0
Very intense Intense Moderate Low Study area
$)5
1.29 9.99 86.77 1.92 Zarand
2, 41. 2.22 71 2l e
70 3 3 37 Series - Toghral Jared
L
- 72 2.2 e
977 0 Saghand
1.02 37.15 59.07 2.74 oty
Rafsanjan
_ Ol
13.37 2.33 Kuhbanan
ol =gl
0.29 5.91 77.55 16.23 Kerman-Baghin
_ _ Cyllay 8
31.26 68.73 Qoriya al-Arab
- &=l
9.91 78.91 11.17 Aman-Dehj
225 2.11 64.77 10.85 225 28
Daranjir desert
_ _ Sy
66.08 33.91 Bardeir
ke
17.81 2.34 49. .052 Lo
7.8 323 9.79 0.05. Bahadoran
0.028 24.90 73.28 1.78 S
Bafq
1.57 19.90 68.24 1027 Fe
Total

oYL sl buady Sllllae sdgize j oljcble
FAR &S g yabay sl Jlayed 3500 odgaote 93 4y Canad
Caol Jb o el oyl 513 Sl bl wad dils (0 do)d
(opflim oS g Myj odgaze 90 0 WAl ddb Colue oS
Gl b Al 30> izt sl )05 0 Sh2 b ke 5l
Slrodgiome 4 cund (VO/YA) lmidy odgizee ;3 oS
SaS (200 YY) 855 5 (dops FAND) il plo)S

9 iy 2l leme ke i alioble @b b))
— g b
9 iy 2l okme el p 1) Slible
Obmady (ol ylo S Slalllas 6dgume duw jd Canniiigyd
9 ol by okl s oS cwl o j (Sl w5
&S 3pS o HE Wb g bwgie (oS dibaw 3 Glae
Wodste el bugle GAda baye gaw ppoke
Gl Hlee 90 wlalp 1) Shobly cud wlib so)
Shllae  (glaodgie > Cundigd g o)
bl opl g ams go (L5 )5 g olmindy opel— gl S

Xyj 9 bwady (cpelbloyS Sllllas slaodgiome 1> (ol ble cud Glad colus 1o =Y Jos

Table 12. The percentage of the area of desertification intensity classes in the study areas of Kerman-Baghin,

Rafsanjan, and Zarand

EYRW Lwgie oS Sllas 0dg00
Intense Moderate Low Study area
4.99 79.60 15.39 b,
Rafsanjan
0.68 49.55 49.75 ol —gleyS
Kerman-Baghin
0.075 78.81 2111 X5
Zarand



http://dx.doi.org/10.61882/jwmr.2025.1300
http://jwmr.sanru.ac.ir/article-1-1300-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2026-01-31 ]

[ DOI: 10.61882/jwmr.2025.1300 ]

VOA

Lidaiize dygze g (giod ) duol ¢ conts o230 ¢33 losks Dgmane dpuw

VEF /Y oyles /e plis Jlo ul 0595 o pte dsl g}

@ plaB g 32 J Rl e )5 cloxind) ped ¢33l
skl &S Wyl I8 Sl ble €uad s ail
2 o9 56 5 o S ) Bobie ul e Ly
g LAY Coxdg ,d Ll odgiome .l (Bl 59
255 5 olionsS cblmgles ke @bl Gbbo
o S L ol Chawgir aib ) el
0 Loy oS wad o ol lioble ©us clib colue
(20> YVIAY Jolre) yusilys y98 5yl 0395 S 5 duoyd
Sl el b )b JL8 lioble €uad Ay cansy
5 ol o (Sl ol (YL (S50
b i cuwl dibie cpl o Lloble b s
sl Slge g W0 S5 (98 4 e
o> cnl  SByol wlio jlub o pte sl (65 proncd
3L 5ol

5 oSl el Groll 4 Wl e gaasie Jelge
alox s S8 bz gble o ol50LLs O] Py
oS Gl o of el djl b cudlayy (Jalse
Syl Hials dlos 5l o8l Sl ccpl  0gMe 445 oo
2 (Syeh AT g Lmolpgj Qi ials ey iuljel g
ol cuaS ke YU ()90 Wlodebul bl cpl
(PS5 68 Gk AL wade ialS
)P S g g NS (e dgdoxe J 1) (65)5LaS ()90 0
OBl (2lioble (2bi)l g Lk ) e IRl S plgiea,
dox jl clie slapadls Wb a8 5 (o5 b))
b s b Jde oyl ..\l.{t;o r,ml)é Iy Sopsdl colan
9 C.’Luo Co pdo LSLQ.))...M) ‘ C9.‘a.w » u.’l)ul.:L.:
A o Jired ) (8] 035 (il gl (5525400
LSLQD.)5J;>:9 L;oLw aS R P uLw) (SAR) 02w uJ.>
Wb LS Olobly «aas? Cuxsy p Sl
a;;é,f ,1,5 <<1M9w> aals ,> 4§ gl U’;LJUM o>9_\>u
uj\“’ » d)5-> #b “JU““)?" dbl“’ )*5' )-’ o2
b Colus jl Mo )d YEIFD &S &S o asuiie (ixejy
hiobls €e» dib )3 o) Ve g €uud L» il )
5 L)j (obriuwdy odgie dw Gl cpl jd b )8
3934 €SSy aib )3 1) whe (b el gle)S
ui C.‘a.w cdl o« L) 0 uL»J laasl .Lsloaly uoLw‘
O gl JALc S5 019;;43 Lmsam Oi‘ )a 2]

oS amd e i O )LML JM)A L;Lmu»L»JJx
I)_v a.la.wpdl))i:.) ua>Lw 5)?;‘%;.)‘ d)}"“’ ua.’>l.ui
okl Candg p pin B (e ol Cos 5 O
Cal adld cpiomen ool atil sl 1S bl o)

Colin el ol d-\vw @l (5 ek
g o wmd e L ) Sloj ol 5o (Sl
3 a8 polie el o8 il 0 IS )> SRR
L)"‘ .))‘.) ul.wy )muul») » uw)g)fwo Dees b VO
J’b u‘w‘d Wlg oo i) - S 2 ubby
o sl sy & wmd e Gl eadplal sla oo
o3gdme (g IS g yeedp wopalla B bl g
23290 2l plie 4 s (55568 (595 3l (el lo)S
Sasd  Cgld ool amea yss b lagise
S gy alen) wsl akte Lolss o6 wlgi e
5 i Wil Gl glacdld 5 (Suk ol
);95 c&l) ke UJ‘.N» LSLQ’(_)“‘?U D opg L .ol wl)ﬁ
AL 98 (GlungS g ol @2 b sl
@ ol ol cas hals gl oM 4 Wl e
e ol adal gladi e Gl g ) g5 9 QLS
4 Wy o gt 5 Gllwy cpl S oD > g4
Gulie glacgiopaclyy 5 rejnj ol gle yae Copie
oMbl ol S SaS mblie ol 5l ool gl
d‘).g s Cans § b QL»L;JB)K 9 ul.cm.x,o LS‘)’. Le(ud.;
Wilgs B oy cuenl 55 oliyacly 5 B0 0S8 paeuss
5 i) ol Candg e lp | e sla)Kal,
i @l b qobio I cllis

0j9> ;0 (SAR) mdw Clo Cumd pilie (s
P ool gl & e Ui 5 el S
L5 ey sl it YV 51 i B VA 1 528 1 (sl
Ol eS8 SAR polie b s ol plie a5 wimd o
CadeS | g Slosls tdey 1) ol 05 5l iSe (n s
ol 31 Sb Gweins <l gdaw 55 <él g (BC) (Sl
b Ly; SWlllas edgume > Ol maw cdl oy i a5 dg
Ol (oS eolan daylyd opl )3 0l F) e V)0 lae
(Foslo p puionjg S YADYY) (22g LB (lise &
Cdl douyd g (6ygd S eamd Ll ST cdly il
u] Cja») cél g (J“CL_UL"); 0dgdo > L] ui ("_Llaw
&g ollanl My Ll s saalie o V/AY e 4
Flo0 Jade a4 S el b oadhie ol o J
g2 olped Jlo Bl o j9)See

aS ob ol clisee gble o (gyeh Slpuss oo
Sl ygd GRIEl it 2 b e 039
Fahle p (uiesjeSee YWVAMY Jlide b 1) (s
Slezal) olyoles 6350 53 &S sl L5J~l;> ol oS 4y
IFAIND e 4 dwejp) ol gyed dolple
Slyie o cdbytall el uierjoSee
0liiS youi Jolge 13U ialS b ol cunS dgun odimd Ll
il dibate oyl

cola sl eluly @ligbly cundy (b))
ol IMDPA - a1 oslizul L ol e S Sl
255 pplojp it 3ble » oliobly & wed e


http://dx.doi.org/10.61882/jwmr.2025.1300
http://jwmr.sanru.ac.ir/article-1-1300-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2026-01-31 ]

[ DOI: 10.61882/jwmr.2025.1300 ]

Lodaine dygune g (slas) duol ¢ cound 1130 <)o kol dgmamne s

AT IMDPA gyl Jae 5l oalizal b puolyy 165 55 oliobly 859y S alyus (il

5 ol bl wass > €iein; Ol Sl e
ol 4 e Ol (698 Gl )l pejp )5S
P ey @l ple curS ol (ghslis gyg0 e
Ml Copie Cucdl p @l ol Cul i 51 )5S
Coggl S plpe 698 S 5 (eein) o gl
S o0 3T olible b ablie sl (o3yaebp 55 (ol
5 €iimoing P Slme g3 psluly lipbly Cunsy
adid g Slllls sdgite dw O KCauiigyEW
Obxind) 03935 53 2licble &5 w300 LIS Cunitig b
GAYL ©ud el le,S g Wy5 00gaote 93 Ay Cad
039aa > Camndig)d £ &Siwl pfyide Cunl )5
b (ply dop wwl gbund) e oelgle)s
o sl yida lomad) 03gi5xe )3 b 2licble Cundy
Cgzaipg P slas 36 ) (3L sdes yoboy pel ol
ol el oins Ol Sl e 28l g Ol ()50 g
P ok OB Candidgyd a5 Jbpd &S amd o lis al
by Qg plo aSe Wl liobly S JSs
Loyl ol 58U 5o (mein) <l CuaS 5 cutSh
I Br bl Caligd sl Sepl e Jbg!
s Glpees wad o by |y GWlae (slaodgie
Gblie (ooles )3 aligbly Cumdy CulS 3)90 5> (b
S

el oje » aliobly ©a8 bl @l (S jsboas
P S ool Jole > o aimie A5 el
gaw (Y g Cgmjnj Ol (9 (majpe )5S
cbddl L ol ol e K awjp; ol
g bl b o wl Slges il glaing,
26 ) ol » e ol daw 2l g e8]
cod 1) ol @lie CutS kit ol (5y98 Gl S o0
5 2US pidyy Sl & e &Sk camdpo )15 ite 5T
35 e (Al opimen D980 5 (2l yg0 0 4l
o) Comdig b WAl g (ol @lio (R 4 (eejnj ]
Wl Ll 4 ol Jelse cpl oS 29800 i
Zalibekov et al., 2019; Cai ) a8 o S8 olj05LL
(et al.,2023; Liu et al., 2024
ey eyl Gingly 5l ol sl p 15T L

g 48,3 45 3 2l50ble Cunsg b)) Hskaieay

13,8 g Sl

b Sliios ooy @lo jl ide | 485y Sl
o b Cos Cuniigyd 3 SB o35 Oldlae lgie
—A8- VO OFY 08 L Ml claeasy 3 ey
9 LhJ.i«.> u‘.n...n.?u :\.w.w}o )P SLaas g +Ve—eQ—eq—+)
Wilde (1258 395 dlie (l s sl y9iS” @l
G198 5 (o)l Kusles dunso o] Sty 5 () Se jl &S
el

Sl et e G (a3 Li YL 6, O
Copde Cuonl Kby ol cpl cwl oaly las ol50LL
ol dilbaie cpl 3 ol alpl il s Ol b
s gl bedgizme D pe) Cumidie,d Fy dalllae
A Gl )5 g Glxiad) cmelmleyS Jold i b
2 Jle yo e Bl VWY bl pl j5 Cundigyd xSl oS
Ol eSS (lie g ol pleS g
ol b 5{5051,\3\ o 5o e lo Yl jieS Gy
i) 2l e S8l S bl e g B plis
S (o At |y (3lolio (pl )3 (e Caniig b g

Oee) Camlig padld ol p lioble b))
G dib o Sldlas 0dgimme dw 3 a5 ad e i
2 Gl ol olad] s |y Colue pyin €S
2 @ioble Chwgior dib (lxiud) 5 8)) glaedgioe
(ol gloyS o3gamme 3 a8 Jbgd )by 8 pad oSSl
Sy L;)m €AY g Klawgie? Gus b sble colue
2 Cuniddad (asld obg 4 deg Cuenl gl pl .ol
Amdee ol |y 2lioble Co e 9 b))
P e (R Glise g Condigd )led (g Jbv
Dlae ST 0 &S dmy o Gl dibile O aejp ol
iy P3P g SOl L s gty Cundig)d
il aag B ol enmsslis bla) ol o) blg)
Ol sl (o) Cenlin B oy e ol e
2 Slislgyin )Lid (ials el unjpj ©f 15 aw
CoS 3blie > (e Cumdd s )3 9 395 o0 (IO
Eeyeli Capanl laadly ol 38l o i) Lials ol e
Cadig b oty 5 gl |y oy ol o Copto g
st ol olatl 5 Jasmocun; o 5l cpSity g
Ranjbar ) oSen 5 39k pod; Sjleie obles
L& WS KW Aguiio 05 4o (Barough et al., 2023
A Canniig b Aaiaane ddlate ol 515 pdaw jialS

e bl aw b gl cad L)
0je> 3 wlioble & Ja o ol IMDPA Jso lawy
ool M5 L3 U oS @us Gl ol peS )
Jolis adg 5 1y g 5Vl Lawgie 4o o8 5 oy
S e 2liobly oud b colus doyd el Dgd o
g S b oud b ogble cuipa dawgie ©ud
0,5 o0 0 3 1y sl 0 ol s ke MBS

ol adlaesyse sblis )3 aliclle Curdy (b))
CUuad Jd» Curdg b slei )lyoley ddlais jo aS s o
ol ledly jolasl dgda |y coluwe (pytin 2l50 bl
bulyd 5 (ool cups VL @b enad ol gase
Bblo « Llio o .cwl anlb opl o Jasecuw ) cuolisl
5 S clib bkl ol g ey widle
Comdg adddolis a8 Wb 5 Ll5obly «lawgio®
ol Bble plu 4 s (555,00

ol 2 iy ol Sy curS glayally oo
2O Cioin; @l e & e ol bl
S g €t il Cand? gal)l 9D A Cand (g i


http://dx.doi.org/10.61882/jwmr.2025.1300
http://jwmr.sanru.ac.ir/article-1-1300-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2026-01-31 ]

[ DOI: 10.61882/jwmr.2025.1300 ]

Lideline d3ge g (o> usl ¢ cound 1230 )20 )losbis Dgmne A

\Se VEF /Y oyles /e plis Jlo ul 0595 o pte dsl g}

References

AbdelRahman, M. A. (2023). An overview of land degradation, desertification and sustainable land
management using GIS and remote sensing applications. Rendiconti Lincei. Scienze Fisiche e
Naturali, 34(3), 767-808.

Akbari, M., Karim zadeh, H. R., Modares, R., & Chakoshi, B. (2007). Assessment and Classification of
Desertification Using RS & GIS Techniques (Case Study: The Arid Region, in the North of Isfahan).
Iranian Journal of Range and Desert Research, 14(2), 124-142. [In Persian]

Boali, A., Asgari, H. R., Behbahani, A. M., Salmanmahiny, A., & Naimi, B. (2024). Remotely sensed
desertification modeling using ensemble of machine learning algorithms. Remote Sensing
Applications: Society and Environment, 34, 101149.

Cai, L., Xiong, K., Liu, Z., Li, Y., & Fan, B. (2023). Seasonal variations of plant water use in the karst
desertification control. Science of the Total Environment, 885, 163778.

Entezari Zarch, A., Ahmadi, H., Moeini, A. M., & Pazira, E. (2023). Assessment of Land Degradation
Using GLASOD and IMDPA Models (Case study: Yazd-Ardakan plain). Desert Management, 10(4),
1-20. [In Persian]

Feyzi Koushki, F., Akbari, M., Memarian, H., & Azamirad, M. (2019). Identifying and Ranking
Important Factors of Desertification in Khorasan Razavi Province using Delphi Method. Journal of
Geography and Environmental Hazards, 8(3), 205-225. [In Persian]

Hashemi, Z., Pahlevanravi, A., Moghaddamnia, A., Javadi, M. R., & Miri, A. (2022). Investigation of the
Desertification Potential Using IMDPA Model in Sistan Plain (Case Study: ZAHAK). Desert
Ecosystem Engineering, 3(5), 49-62. [In Persian]

Jafari, H., Akbari, M., Kashki, M. T., & Badiee Nameghi, S. H. (2019). An Efficiency Comparison of the
IMDPA and ESAs Models on Desertification Risk Management in Arid regions of Southern Khorasan
Razavi, Iran. Journal of Arid Biome, 9(1), 39-54. [In Persian]

Lahlaoi, H., Rhinane, H., Hilali, A., Lahssini, S., & Moukrim, S. (2017). Desertification assessment using
MEDALUS model in watershed Oued El Maleh, Morocco. Geosciences, 7(3), 50.

Liu, Y., Wu, J., Huang, T., Nie, W., Jia, Z., Gu, Y., & Ma, X. (2024). Study on the relationship between
regional soil desertification and salinization and groundwater based on remote sensing inversion: A
case study of the windy beach area in Northern Shaanxi. Science of the Total Environment, 912,
168854.

Liu, H., Wang, H., Teng, Y., Zhan, J., Wang, C., Liu, W., Chu, X., Yang, Z., Bai, C., & He, Y. (2024).
Controlling desertification brings positive socioeconomic benefits beyond regional environmental
improvement: Evidence from China's Gonghe Basin. Journal of Environmental Management, 354,
120395.

Martinez-Valderrama, J., Del Barrio, G., Sanjuan, M. E., Guirado, E., & Maestre, F. T. (2022).
Desertification in Spain: A sound diagnosis without solutions and new scenarios. Land, 11(2), 272.
Masoudi M, & Shirghir S. (2021). Efficiency Assessment of Desertification Model of IMDPA for
Evaluating of Water and Wind Erosions. Journal of Watershed Management Resource, 12(23), 12-25.

[In Persian]

Mutti, P. R., Lucio, P. S., Dubreuil, V., & Bezerra, B. G. (2020). NDVI time series stochastic models for
the forecast of vegetation dynamics over desertification hotspots. International Journal of Remote
Sensing, 41(7), 2759-2788.

Qi, H., Gao, X,, Lei, J., Meng, X., & Hu, Z. (2024). Transforming desertification patterns in Asia:
Evaluating trends, drivers, and climate change impacts from 1990 to 2022. Ecological Indicators, 161,
111948. [In Persian]

Ranjbar Barough, Z., & fathallahzadeh, M. (2023). Investigating the relationship between land subsidence
and underground water level changes using radar interferometry (case study: Mashhad
city). Quantitative Geomorphological Research, 12(2), 214-229. [In Persian]

Sadeghi Ravesh, M. H. (2022). Application of Interpretive Structural Modelling (ISM) in Analyzing
Obstacles to Combat Desertification with Pathological Approach in Yazd Province. Journal of
Watershed Management Resource, 13(25), 119-132. [In Persian]

Saleh, I., Khazaei, M., & Naeimi, M. (2023). Desertification intensity affected by groundwater and land
subsidence in Maharloo-Bakhtegan watershed. Journal of Water and Soil Management and Modeling,
3(2):11-184. [In Persian].

Shahini, Z., Faramarzi, M., Garaee, P., & Alimoradi, S. (2021). Evaluating Desertification Intensity with
Emphasis on Groundwater Criteria Using IMDPA Model (Case Study: Mehran Plain in Ilam
Province). Integrated Watershed Management, 1(1), 17-28. [In Persian]

Shirghir, S., & Masoudi, M. (2021). Hazard Assessment of Desertification Using the New Model of
Proposed MEDALUS. Watershed Management Research, 34(3), 133-148. [In Persian]

Soleimanpour, S M., Naeimi, M., Rahmati, O., & Moatamednia, M. (2024) Investigate Desertification
using Underground Water and Subsidence Criteria by IMDPA Model (Case Study: Rafsanjan
Watershed). Environmental Erosion Research Journal, 14(2), 126-140. [In Persian]

Tan, N., Zhang, C., Wu, Y., & Wang, Z. (2024). Assessment of desertification sensitivity using an
improved MEDALUS model in Northern China. Research in Cold and Arid Regions, 16(3), 141-148.


http://dx.doi.org/10.61882/jwmr.2025.1300
http://jwmr.sanru.ac.ir/article-1-1300-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2026-01-31 ]

[ DOI: 10.61882/jwmr.2025.1300 ]

Lidatns digeime g (o> ) dual (goud v )0 g2 slordes Sgmne i

\tg} IMDPA gyl Jae 5l oalizal b puolyy 165 55 oliobly 859y S alyus (il

Yaghobi, S., Karimi, K., & Faramarzi, M. (2020). The study and Comparison of desertification process
on the basis of climate Criterion (Case Study: Abbas and Dehloran Plains, Ilam). Journal of Spatial
Analysis Environmental Hazards, 7(2), 103-120. [In Persian]

Yang, Z., Gao, X., Lei, J., Meng, X., & Zhou, N. (2022). Analysis of spatiotemporal changes and driving
factors of desertification in the Africa Sahel. Catena, 213, 106213.

Zalibekov, Z. G., Mamaev, S. A., Biarslanov, A. B., Magomedov, R. A., Asgerova, D. B., & Galimova,
U. M. (2019). The use of fresh groundwater from arid regions of the world in the fight against land
desertification. Arid Ecosystems, 9, 77-84.

Zolfaghari, F., & Khosravi, H. (2016). Assessment of Desertification Severity Using IMDPA Model in
Saravan Region. Geography and Environmental Planning, 27(2), 87-102. [In Persian]


http://dx.doi.org/10.61882/jwmr.2025.1300
http://jwmr.sanru.ac.ir/article-1-1300-fa.html
http://www.tcpdf.org

