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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,

® @ Copyright ©2025. Soleimanpour et al. Published by Sari Agricultural Sciences and Natural Resources University.
This work is licensed under a Creative Commons Attribution-Non-Commercial 4.0 Unported License, which allows users to read, copy, distribute,
Lm and make derivative works for non-commercial purposes from the material, as long as the author of the original work is cited properly.



https://orcid.org/0000-0002-7389-6448
mailto:m.soleimanpour@areeo.ac.ir
https://creativecommons.org/licenses/by-nc/4.0/?ref=chooser-v1
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 2026-06-20 ]

[ DOI: 10.61882/jwmr.2025.1300 ]

Soleimanpour et al.

Journal of Watershed Management Research, Vol. 16, Issue 2, 2025 ........ooniiiiiiiiii e 145

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

55°0'0"E 56°0'0"E 57°0'0"E 58°0'0"E 59°0'0"E 60°0'0"E
:Z
z o
= O® >- b)) Arnan-Dehj
O st Bafg
®8 ~>» Bardsir z
: ®8€ .5k Bahadoran »ii
g 08 obxed, Rafsanjan -
- o Zarand
[ ™ Saghand
z g -~ Jr‘b-i“—m’i:;:n;umd :
§§ M o Qoriya al-Arab °§
2 “ 04l = ol Kerman-Baghin
. O (s Kuhbanan
poEl 100 150 20(])("‘ @% o< 55 Daranjir desert
55°0'0"E 56°0'0"E 5700"E 58%0'0"E 590'0"E

polys ););T sojo> yd Slallas glaodgize Cusdge =V S
Figure 2. The location of study areas in the Daranjir watershed

2003 52l goj Slalllas slaodgizes | Sy jo Colus g =) g
Table 1. The name and area of each of the study areas in the Daranjir watershed

ol
(20) glis)) Lo b (do ) el coline (z2y0 yioghS) coluna Sllllas go39100 1S SWllas go3940 pb Cd,
Average height (m) Pl('f”)’) Height area (%) Area (Km?) Study area code The name of the study area ~ No
ain area
0
1316.56 49.16 50.83 6233.7 4901 2l oS 1
Daranjir desert
1789.80 46.11 53.88 12513.69 4902 ")b'd“.s) 2
Rafsanjan
1602.80 55.18 44.81 2284.75 4903 ol 3
Bahadoran
1909.99 27.34 72.65 3984.93 4904 @ =)l . 4
Arnan-Dehj
2452.72 33.48 66.51 3945.48 4905 22y 5
Bardsir
2072.07 46.16 53.83 5403.68 4906 ol gl 6
Kerman-Baghin
2650.96 32.40 67.59 1763.95 4907 ol 3 7
Qoriya al-Arab
1437.94 38.73 61.26 4793.65 4908 S 8
Bafq
2004.55 49.75 50.24 2036.51 4909 s 9
Kuhbanan
32 pb oy
1751.92 35.20 64.79 1715.78 4910 Series-Toghral Jared 10
1973.27 43.69 56.30 4398.19 4911 ¥ 11
Zarand
1332.78 34.72 65.27 1662.76 4912 el 12
Saghand
1857.90 40.99 58.99 50736.44 5 e
Total



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 2026-06-20 ]

[ DOI: 10.61882/jwmr.2025.1300 ]

Lodeine dygune g (stad) duol o cound 11 y0 ¢y03lowes Sgmanne o

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

oip> > oble Cundy byl shteas adlae cpl
otk @by Glrl Jae cn e 5l sl neS 5]
&S Gugllie Jao el 5 Jae ol ol 03,8 eolaiwl
01338 olb sl 03 &) Lyl Ml 09,8 bauwgs
i ol 9 45 Casl Jhme & Lold IMDPA e .l
Cioins o Jlro 93 e alipbly ©ud Ads ans
ol odlatwl (uulS slajlmo Jlgicds KCuwise,d 7 4
Oigh Blial 5 egiwd ;0 sleodly 4 g b Ll
gyahly Jols ol Jhxe b basye slaasls ol
Ol o D 5 Kpaduw Ol > & S0 Sl coluay
b 48 )5 5> K e

P g Glie g Jhee jadls sy
a5 cdn dlsye 5> 5 4B, a5 L0 VYAV B AYAY cla Lo
b S o iy liobl » ol b ool 2 pa3ls o
Comd g (b Ojgoy (23059 A5 02> olal ke
Capmdg (pyie odm U So (5] & sk g2 plp
Sy g Cumdy cnph el oli ke B3
ML) g oozl b o eShe el adli
Cuol 53 a0 p3Y 5 el (Dbygy slagdsy 5 LSl
G ¢ aliobly 2 Cundind 5 150 (o polateds &S
P byl b )3 1035 dnlre Gjge 93 @ «2lig bl
o 33 g iy ol slme g Camitigyd Jlne 8.5 ks
@hioble ©M andig jlae (3,5 Lld (o g
ke b G5l i Ol e el e
G o SopSdl colin gapadls wlal (e
Vodge b lhe deipj ol gaw Cél g maw Ol
Voakly bl g jlee ool s (3551 9 A8 (0 jltel
W33 duwls

03wl 3,90 (sL¥23ID

Comdigd 9 SB )56 ddllae g (gw)p slaien
Fewlyd sl 059 ) (Ganjnj ol @lie 56 Covi (e
ey slaglojle 4 arlpe b (gejp; ol slaodls
ey O (pizman 5 (lo)S g 3 (slag il (sladaie
Ol ly e cdl polae Jols Wodls (pl il ooléil
sl yialb ¢ Sldllas glaodgisme dlaadlp'uj 5 ujwo));)
Slgs JS quuies ds s (SO SIl colaa) Ol as
9 2l ojex 3 920 (dweinj ol @lie (Jobxo el
G AYAY d)Lo] 0)9d 4 ]oy).a u».\ibs).s u.sl 2 odliiw! d)90
—olkyS g 45 ‘glzdwé) Slodgize (gl & cuwl VYAV
ol adls YYD lo,d cpismod Cawl wyiwd (el
olas cpl 5l aS Wb seng Sldlles dilaie > Jlialis
3y90 Al VW S jiiio (glol 090 b adls VAV (clmodls L5

bawgis )mhu Cusd cpols imgh pbl (gly
Ol maw Cél e e A0S dulxe VYA
cdl e aasly s 35900 WAV-AY cla Sl > uejps;
TDS 4 SAR EC (slajiall 5 iwojs < 515 o
ol @ligble (b Candy wules 3 g 3 ()
whoble e (@ Jlee) (&S 5 o5 gl
d)S s byl 0y5e (sadins slass o IMDPA

IMDPA Juo bawgi (250Ul Cows Julod

IMDPA o )3 wojpj ol jlro slojadls mdjliel =V Jgi>

Table 2. Scoring of groundwater benchmark indicators in the IMDPA model

hiobly Jed Cunsg

The current state of desertification oasls
(M5 J3) ¥ (w43) ¥ (lawgze) ¥ (&)Y Indicator
4 (Very intense) 3 (Intense) 2 (Moderate) 1 (Low)
5000< 2250-5000 750-2250 750> (EC) (S0l colan
Electrical conductivity (EC)

32< 2632 18-26 18> SAR) s i o
Sodium Absorption Ratio (SAR)

50 < 30-50 20-30 20 > (Jlo > o L) (Gigose of <l

Groundwater loss (cm. year)

Je Cundigd gy el gslate (ol 4 b L))l
05 adilael ¥ Jeds jwlely IMDPA

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


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 2026-06-20 ]

[ DOI: 10.61882/jwmr.2025.1300 ]

VoY

Lodaine dygumo g (o) duol ¢ coun o130 )53 lowes Sgmune ws

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

57°0'0"E

32°0'0"N

30°0'0"N

SIS Sy
S 5 3ama 3 g8 oA el
29 e 3 i IS Az
i) Sl AT g o e
15 b oty ¢ OF 1 i 3
o385 25

5 s s 5 T 565 il
Ol S S8 53 e 03 T @ia

32°0'0"N

<5 olye
011 3616 (Slehm o iyt e 5]
S ol s 2 S SNyl

-
Da-- Neen
e
[

-

S | —

SS
& RS
ok L
(o > |
N3 W
L e

55°0'0"E 56°0'0"E
e L IKm
0 20 40 80 120 160

20 sl 03 i O qalie Jglore sl Slge IS el (5eSilhe alie (suivaing 4t -0 S
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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

ikl (b candy

okl b Consy

The current state of el SAR pSike s 03502 The current state of el SAR (ke s 03520
desertification Score Mean SAR Study area desertification Score Mean SAR Study area
M(I)agg;;te 2 20.24 Sa:::nd Llfw ! 243 A?:;r:—‘lj)be)Lj
wa I 11.38 syl 52 wa 1 15.07 éi‘:q
wa ! 254 Qori;:ld:?-)irab er)gw ! 4.26 B);;(;gr
wa ! 337 Keﬁ:n_—gan;in Llfw ! 1513 Baﬁkaﬁan
LT)SW ! 6.05 Klfill;t::fan L‘:JSW ! 12.28 ol
o ! B0 den (o ! 76 Zarnd

ot e Cannd a3l (el p o150l ud Olab colue Jopd —A o>
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 12. The percentage of the area of desertification intensity classes in the study areas of Kerman-Baghin,
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