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Extended Abstract
Introduction

Management of groundwater resources in arid and semi-arid regions is particularly importantbecause the
drinking water of a large part of the countries that are in arid and semi-arid areas relies on groundwater sources.
The ever-increasing need for water due to severe socio-economic changes in the country and successive droughts
in recent years has led to the expansion of deep and semi-deep wells and dams. Excessive extraction of
groundwater by digging deep wells has caused a drop in the groundwater level. The groundwater level is one of
the most important parameters affecting ganat discharge, preventing land subsidence, and ensuring permanent
river recharge. Using new methods to know the changes in the groundwater level and simulating the effects of
different management methods can be of great help in managing aquifer water resources. Recently, the use of
different models and simulations of aquifers has helped researchers achieve better management goals, and
groundwater modeling has become an important tool for managing aquifer water resources. Since Khorasan
Razavi Province is located in the arid and semi-arid climatic zone, the exploitation of groundwater plays a
significant role in providing part of the water needed for agriculture, drinking, and livestock farming. Thus,
management of this valuable resource is essential. However, for effective management, a series of tools are
required to predict and simulate the effects of various factors. One of these tools is modeling, which can vyield
acceptable results using some measurable parameters.

Materials and Methods

Mashhad-Chenaran plain falls under the main basin of the Kashfroud River, which has an area of 990,914 ha and
is located in northern Khorasan Razavi Province within the Qaragom watershed. Mashhad-Chenaran plain
includes a part of Mashhad City, Targaba-Shandiz, Chenaran, and a section of southern Quchan. The GMS
model was used to investigate the effect of implementing the cultivation pattern and its effect on groundwater
level changes in the northern part of the Mashhad-Chennaran aquifer. The required layers of the GMS model are:
(a) observation well layer, (b) harvesting values layer, (c) aquifer recharge layer, (d) aquifer boundary layer, and
(e) bottom rock layer of aquifer. In the simulation of the studied area, the cell size throughout the studied area
was set at 300 x 300 m. According to the available data and information for running the model in a steady state,
the initial hydraulic load was set to September 2006. Then, the LPF package was used in the MODFLOW model
to solve the groundwater flow and level, and the groundwater flow of the studied area was simulated in both
stable and unstable states.

Results and Discussion

After preparing the coverage needed for the model, the model was calibrated in a steady-state. After calibrating
the model in the steady state by introducing stress periods, the GMS model was calibrated in the unsteady-state.
The results showed that the GMS model accurately simulated the water level after calibration. A review of the
observed and simulated values chart shows that in some of the piezometers studied, the simulated groundwater
level was higher than the observed one, and the model tended to overestimate the levels. To implement the
management scenario, water used in all all agricultural wells was reduced by six percent, and the model was re-
run. The results showed that the 6% reduction in water consumption in the agricultural sector led to an increase
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in the piezometers levels by approximately 5 to 15 cm on average, resulting in a groundwater level rise in the
studied areas.

Conclusion

One of the primary sources of water supply for agriculture, animal husbandry, and drinking in the Mashhad-
Chenaran Plain region is groundwater. However, in recent years, due to excessive exploitation of groundwater
resources and climate changes, t groundwater levels has declined, causing significant socio-economic impacts.
Therefore, for better management and sustainable utilization of this groundwater source, it is necessary to
monitor groundwater level fluctuations and predict the effects of various factors on these changes. One of the
best tools for determining groundwater level fluctuations and assessing the impact of different factors is
computer modeling. Groundwater models play crucial roles in managing these resources, and the MODFLOW
model used in this research proved effective in simulating groundwater levels in both steady and unsteady
conditions. Analysis of the observed and simulated balance using the GMS model demonstrated that a six
percent reduction in agricultural water withdrawal could raise groundwater levels. However, this increase does
not fully compensate for the damage caused by excessive withdrawal and only mitigates its effects.
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Table 1- Model calibration results in steady and unsteady
states in the study area

Skl el ) b el i)l slee )
0.81 -0.21 ME 1
1.40 0.74 MAE 2
2.20 0.88 RMSE 3




oy e 515 O (5, CaniS (59NN 3 om0

— 1310.00
1300.00
1290.00
1280.00
1270.00
1260.00
1250.00
1240.00
1230.00
1220.00
1210.00

— 1200.00

— 1190.00

mm 0.15

g 0 15 3 45 6 w“ 005
) Foghs
P‘g‘ ) =C cu»as ;D)gb Jam‘g‘ )» =B ‘un»s sb)sb Jg"g‘ ) =A )‘-\g‘bb cdls ) addlho 3,90 sbbg.‘:w » JJA W‘g 5.1‘.:: -y JSM:

I¥Ae Jlo 45 (Jw 13 gio0) (oo &1 5105 Ol punis =D ¢ (i 0,95
Figure 3- Model calibration results in the study area in an unsteady state: A= at the beginning of the stress period, B= at the middle
of the stress period, C= at the end of the stress period, and D= Groundwater level changes (m y*) in 2011

olzod ) ‘ el W

Tl T e I

o, 12712 a . X s
= o ._]- 25 | T ghalie il T gl s 15
3 -
T m g
i 12709 39
1 nio,? i
~ 1270.7 ~
12706
1:7052006 2007 WE gy 2008 2010 2011 006 007 2008 o o 010 o1
(< (1
3 () 4 )98 ) oo 2,8« W) e gla SIS anllae 390 839500 Sl fhog s 53 85 jlwanead 9 (Fldlibe 3l —£ JSU
(5) 292

Figure 4- Observed and simulated values in piezometers of the study area: Kalateh Haj Ali (a), Ghareh Chah (b), Shorcheh (c), and
Doghayi (d)



0 U £6 Ulxbo (Y€ € JLMJ ) D)Lw.z 1] b)sa/dusyi%ﬁdejudM Qw/u‘)M5@>w§M) 0g

(%)
13017 @
., 13016 Tl T el gl i 1y
- 13005
3 13014
A
13 13013
11301.:

<3011

1301
2006 2007 2008 2009 2010 2011

1163 i ol L,

oy
3

il by
1161

1160

[FED PSPPI R
2

O
&

o
B

2
3
5]
8

2008 o m 10 011
ol

(9

(0) (ghod i ot 3155

a4z

12438

T alie 5 T ek e 157

=R =R =}
Voo B
- )
LSOO

2006 2007 2008 2009 2010 2011

128825 @3

T gheliegly bl and

2006 2007 2008 . 2009 2010 2011

(o

(9) (B i BUT LS, g (o) (& s BT andllae 3 )90 B3guse (G yiog sy 33 DS 6 jlwdunsd 5 (TTudliie ydlie —£ JSUS Aold
Continued Figure 4- Observed and simulated values in piezometers of the study area: Agharchi (e), and Reza Abad Sharghi (f)

MODFLOW o lws odds (gilwand 5 (glosalin jl5
Glosalin g odd gilwand polie o (osn bl b ol

shope S8l 135 oy sl Je J) 5o 9 25 3
2 0dd pbol sla w3, edlitol dddllas 350 Bdgae
oy b ials ob Gl pde gyl Jleel dio
weing 2l Gl el (ks s o ol ey,
Olozal 4 oddd d)lg cylud e cubly ax gl Wl g g o
o 586 Sy ki 5 48w e |y wigpe Cudly 1
RUSYPRRTALS

S )l Swwlw

S Jo colos b oS cunl gy 7ol 5l 7 S dllas oy
OB sy 1 ol o plodl (500 oyl B (gldilaio gj Py
Sl el > 85 ol (slags Ko I wils o p5Y 395
S S Jbo coles o

OB N g 28ln LS
2 (o8lo by G5 d oS Wb o pMel Ao oyl (Bain g
8 3g2s Gimehy ol @l 5 e il 5 SIS jogad

Lodld dy ow ywd
ol 0dds &3l dllde pie > ol g leMbl don

5 4ol — £
b g o g «sighiS Ol el qlie o ol ) (S
Lol .ol 0391 dmejp; ol wlio o lin—dpio o> ddlaie )
Gl mle )l agye @bpoe Jda pdl gl p»
ol iy ol daw (e g O Sleds g e
oronli) ol @iy gl elomb oot cleg o asil
weipy ol aie opl Gl ake b pese 9 Copde sl
Jelse Sl i 9 (i) <l aw Sl I ]
Oi Shoslatol b a8 olaylil 5l .l (g)g s OT &9y Al
Ol gy Al Jolge 13U 5 (uej s Of 55 ol ol o
Sl gy cuiS oS Gl Hsl e Ban b el
A s plonl hlizmsgetie plyel Jlod (i3 sinj
&bt £y GMS (¢ l58ls 3 &y > MODFLOW i
Loyd i GidlS gyl w05 oMl uej s ol 5l
ol & S ol Aol p3 o gjyeliS s > ol B pan
o 5 5 15 MODFLOW Jio 3y cuul okd dog
Gl wlie Cypte wae sbylil 5l (S b5 Gilwdnnd (s
Sloads b gasge cpl (gl & diwe ool dusjp;
ool 01 o3lizl img%s oyl > 45 MODFLOW Jus 13
sloodgie 3 unip; ol il silwand lp o LIy
ylges gy 3yl 1y 5lLL g jhely Lulyd ) adlllas )50



00

e I 515 Ol 59y G 5o 56 o,

Syt @l e (L) e @il (e Aalb (Sl
oS Camdg Ny b3 g o33 silese (V1Y) e
=) SE g O Cypte 5 (gl e Sl gl
doi:10.22098/mmws.2022.11275.1113.1v

(S5 (e csobo A (BT e @il do did o
oW cng05 (W) (o hally g dgmae (i e
> ais ol o Sl Co e jolatod digy kS
MWV (V)Y By o Copo o (gila o )b
doi:10.22098/mmws.2022.11792.1169

o (Ve e) dazme (e (o) 9 csine wunplid (e s
5 Comiigd odly p oyl Geejng o Sl s Sl
b edyge adlhae) glg] disu bl e, Kal,
TVNY DY e Ghas odige (oB SUle
doi: 10.22060/ceej.2020.17275.6511. Y- ¥Y

9 S Nghug el () e gllind (pme oo ( AW
5 s g2 oaldl s 31 Y) o deso il
2 ol e Jolo aeS oy ()15 elslyy (e
Ne A DAY lp/ SB 5 of clidzg .y gl
doi:10.22059/ijswr.2022.337121.669179

B (OTA) dee g5 5 e (Sl (LB Jgwy (ol
Sl ple p gl dw 2Se) 5 (lol &S ol
GMS 6.5 Juo 3l oolatwl b aiyn ol cubd Guejpj
doi:  WYY=YOR  (FIVA eiplis” o o iegp
10.22092/jwra.2015.100830

Sitp gblio )3 (iejj ol glze il ITN) de> ¢ alo
pole HRSP 9 o Cbd 19090 adllae) SUiS ey
doi: ¥5-¥y (V)Y ol/ 5wl
10.22055/JI1SE.2017.19218.1384

SreSe g il ITAY) (ple b (s 5 (G 5920
2o b) «Siaeg y Sis bl > (iejnj O
itw}f} uf (Adb Axwgs dlm)yff 2 @l) Sl
d0i:10.22067/jwsd.v5i2.67197 N¥--\YQ (V)b Lyl

oy by plahyd g daas (il @les (Y
slasoly g SLUS cubs wlgd anl ials Jle (WWAA)
SEEY (YN-Y+) lislis o)) (oolasdl elazs]

References

Banejad, H., Mohebzadeh, H., Ghobadi, A.G., &
Heydari, M. (2013). Numerical simulation of the
flow and contaminant transport in groundwater,
Case study: Nahavand Plain Aquifer. Water and
Soil, 23(2), 43-57. [In Persian]

Bayat, M., Eslamian, S., Shams, G., & Hajiannia, A.
(2020). Groundwater level prediction through
GMS Software—Case study of Karvan area, Iran.
Quaestiones Geographicae, 39(3), 139-145.
doi: https://doi.org/10.2478/quageo-2020-0028

Bayatvarkeshi M., & Fasihi R. (2018). Comparison of
numerical model, neural intelligent and
GeoStatistical in estimating groundwater table.
Journal of Applied Researches in Geographical

OB M gi =8 )like

OIS lfle s sl cgilede il oty Socee
JrS )8l sl Jelos ploxil 90 050 tallie Al Ao
5 oy (gilwedlol g daps o (oK 1 gl s (ol
&) Sen 1M 5L ,BL e < olis slanydl 5 cle ]
oMbl s 5 el 56 5 a5 leMbl 45

P
e ¢(Syde g ¢Cpmdoso ¢ oLE aen odljeore ¢y L

wlacl ;5 (Iagll JBsl g by goie (oilwans (VFAY)

5 ol i gl cubd Gl 163,90 adlllas dioi
AV-FY (Y)Y (SB

«g33e Jao duolio (VWA (nfy) comad 5 quye (2559 Ol
o (055 )3 ol (300 5 (snas Siadign (sl by,
VPO (FA) VA pldl> pogle (02,0)l5 Dlidon . oz
d0i:10.29252/jgs.18.48.165.)AY

e ¢(p558 b ydess ¢ guwodl Sl closl @l e (o155

2 o/ Cypdo g (gjlu o cutS oS odlaiBl ()90 500
YNN8 (P ol
doi:10.22098/mmws.2022.11764.1166

Silogd Gyl g dle W dyaj Jol Gl pol ¢ il 0)lgins
Candy oy g seojps O3l siledse (WWAR) o
Be=b (V)Y (il Ll 5 Lolis Olise B ]
doi:10.22034/gahr.2020.247817.1442

(ol el g dins eyl ¢yl @l W5 (S ¢ 2Ly (ugd
s > ool g (tpte Slaglior b (1) S
sl 3 ss8 Glae (93,90 adllas) (ivoe5 o o
dOr: YaY=YA« (V)& o lp/ iS5 (ool (olobor s
20.1001.1.20087942.1401.16.2.2.1

Tl 385 > (VWA) dsows ¢ oloxby) 03ljdasme g ol coliydimas

Ol g Sl @ dta plol ) weipi O by
doi:  APAAAY (Y oishtessT 4l
10.22059/ije.2019.282765.1132

Sciences, 18(48), 165-182.
doi:10.29252/jgs.18.48.165 [In Persian]
Bohidar, A.K., & Ahmad, I. (2021). Development
of conceptual model and groundwater flow
modeling using GMS software: A case study
for Dharsiwa Block, Chhattisgarh, India. In
Groundwater Resources Development and
Planning in the Semi-Arid Region, 151-164.
Springer, Cham. doi:
https://doi.org/10.1007/978-3-030-68124-1_8
Condon, L. E., Kollet, S., Bierkens, M. F., Fogg, G. E.,
Maxwell, R. M., Hill, M. C., Fransen, H. H.,
Verhoef, A., Loon, A. V., Sulis, M., & Abesser,
C. (2021). Glaobal groundwater modeling and
monitoring: Opportunities and challenges. Water
Resources Research, 57(12), e2020WR029500.
doi: https://doi.org/10.1029/2020WR029500


https://dor.isc.ac/dor/20.1001.1.20087942.1401.16.2.2.1
https://doi.org/10.22059/ije.2019.282765.1132
https://doi.org/10.22060/ceej.2020.17275.6511
https://doi.org/10.22092/jwra.2015.100830
https://doi.org/10.22055/jise.2017.19218.1384
https://doi.org/10.2478/quageo-2020-0028
https://doi.org/10.1029/2020WR029500

0T U £0 Uilxbo (V€0 € JLMJ ) b)w 1] b)sa/dusyi%ﬁMsd}MJM Q)M/u‘)M5belw) ht

Dastvareh, J., Naserianasl, Z., hasanvand, H., & Amiri
Domari, S. (2020). Modeling groundwater level
and investigating the aquifer status of Minab plain.
Geography and Human Relationships, 3(2), 50-
59. doi:10.22034/gahr.2020.247817.1442.[In
Persian]

Dousti Rezaie, M., Zeinalzadeh, K., Besharat, S., &
Amirataee, B. (2022). Effects of management
and climate scenarios on groundwater level
changes: Case numerical modeling study in
Salmas Plain Aquifer. lranian Journal of
Irrigation and Drainage, 16(2), 280-293. dor:
20.1001.1.20087942.1401.16.2.2.1 [In Persian]

Edalat, A., khodaparast, M., & Rajabi, A.M. (2021).
Investigating the effect of aquifer water table
variation on the subsidence phenomenon and
balancing strategies of the aquifer (Case study:
Ali-Abad Plain, Qom). Amirkabir Journal of
Civil Engineering, 53(5), 2023-2042.
d0i:10.22060/ceej.2020.17275.6511. [In
Persian]

Fallahi, M.M., Shabanlou, S., Rajabi, A., Yosefvand,
F., & Izadbakhsh, M.A. (2022). The impact of
climate change on groundwater level changes
in future periods based on fifth report of ICCP
(Case study: Razan Aquifer). Iranian Journal
of Soil and Water Research, 53(5), 993-1008.
doi:10.22059/ijswr.2022.337121.669179.  [In
Persian]

Ghobadian, R., Fatahi, A., & Zare, M. (2014).
Studying the effects of gavoshan dam's
irrigation and  drainage  network on
groundwater of miandarband plain using GMS
6.5 model. Journal of Water Research in
Agriculture, 28(4), 759-772.
d0i:10.22092/jwra.2015.100830. [In Persian]

Karimi, L., Motagh, M., & Entezam, 1. (2019).
Modeling groundwater level fluctuations in
Tehran aquifer: results from a 3D unconfined
aquifer model. Groundwater for Sustainable
Development, 8, 439-
449 .doi:https://doi.org/10.1016/j.9sd.2019.01.003

Khanlari, G., Heidari, M., Momeni, A.A., Ahmadi,
M., & Taleb Beydokhti, A. (2012). The effect
of groundwater overexploitation on land
subsidence and sinkhole occurrences, western
Iran. Quarterly Journal of Engineering
Geology and Hydrogeology, 45(4), 447-456.
doi: https://doi.org/10.1144/qjegh2010-069

Khazaei, M., Saleh, I., Chakeralhoseini, M., &
Farzin, M. (2023). Effect of water price under
different allocation scenarios on crop pattern
economic productivity. Water and Soil
Management and Modelling, 3(3), 196-211. doi:
10.22098/mmws.2022.11764.1166. [In Persian]

Mahdavi, T., & Hoseyni, S.A. (2019). Groundwater
policies and governance in arid and semi-arid
regions, (reviewing current policies in
developed countries). Journal of Water and
Sustainable Development, 5(2), 129-140. doi:
10.22067/jwsd.v5i2.67197. [In Persian]

Moslemi, H. (2019). Assessment of groundwater
crisis in arid and semiarid areas (Case study:
Jaghin and Tokahor Plain). Journal of
Irrigation  Sciences and  Engineering
(Scientific Journal Of Agriculture), 42(3), 31-
46. doi: 10.22055/JISE.2017.19218.1384. [In
Persian]

Pathak, R., Awasthi, M.K., Sharma, S.K., Hardaha,
M.K., & Nema, R.K. (2018). Ground water
flow modelling using MODFLOW-A review.
International Journal of Current Microbiology
and Applied Sciences, 7(2), 83-8. doi:
https://doi.org/10.20546/ijcmas.2018.702.011

Saeedpanah, ., & Mohammadzade Roofchaee, S.
(2019). Exact solution of groundwater flow
response in a confined aquifer to variation in
river level. Iranian Journal of
Ecohydrology, 6(4), 957-968.
doi:10.22059/ije.2019.282765.1132. [In Persian]

Salehi Shafa, N., Babazadeh, H., Aghayari, F., Saremi,
A., Ghafouri, M. R., Safavi, M., & Panahdar, A.
(2022). Formulation of an optimized cropping
pattern in order to manage groundwater level
changes in Shahriar Plain. Water and Soil
Management and Modelling, 3(2), 217-235.
doi:10.22098/mmws.2022.11792.1169 [In
Persian]

Sheikha BagemGhaleh, S., Babazadeh, H., Rezaei,
H., & Sarai Tabrizi, M. (2023). Numerical
modeling and trend analysis of Mahabad
Aquifer Quantitative Status. Water and Soil
Management and Modelling, 3(2), 1-17.
doi:10.22098/mmws.2022.11275.1113. [In
Persian]

Singh, A. (2014). Groundwater  resources
management through the applications of
simulation modeling: A review. Science of the
Total  Environment, 499, 414-423. doi:
https://doi.org/10.1016/j.scitotenv.2014.05.048

Song, G., Huang, J.T., Ning, B.H., Wang, JW., &
Zeng, L. (2021). Effects of groundwater level
on vegetation in the arid area of western China.
China  Geology, 4(3), 527-535. doi:
https://doi.org/10.31035/cg2021062

Velayati, S., Talesh, M., & Sharifi Moghadam, M..
(2009). The analysis of decreasing water in
Gonabad plain subterranean canals.
Geography, 7(20-21), 47-66. [In Persian]

Wang, X., Xiao, C., Yang, W., Liang, X., Zhang, L., &
Zhang, J. (2023). Analysis of the quality, source
identification and apportionment of the
groundwater in a typical arid and semi-arid
region. Journal of Hydrology, 625, 130169.
doi:https://doi.org/10.1016/j.jhydrol.2023.130169

Zhao, X., Ding, F., Xu, J.,, & Zhang, J. (2021).
Evaluation of groundwater exploitation
scheme in water source area of kang ping
power plant based on GMS. In Journal of
Physics: Conference Series, 1838(1), 012049
IOP  Publishing.  doi: 10.1088/1742-
6596/1838/1/012049


https://dor.isc.ac/dor/20.1001.1.20087942.1401.16.2.2.1
https://doi.org/10.1016/j.gsd.2019.01.003
https://doi.org/10.1144/qjegh2010-069
https://doi.org/10.22055/jise.2017.19218.1384
https://doi.org/10.20546/ijcmas.2018.702.011
https://doi.org/10.1016/j.scitotenv.2014.05.048
https://doi.org/10.31035/cg2021062
https://doi.org/10.1016/j.jhydrol.2023.130169

