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hydrological cycle. Determining the effect of
these factors on the water resources system and
their interaction has a great impact on future
scenarios, adaptation policies, and water
resources planning. Climatic variability and
increasing human activities are effective on the
quantity and quality of groundwater resources.

Introduction

The increasing importance of groundwater
resources as the most accessible source of fresh
water in arid and semi-arid countries is obvious
to everyone. Climatic variability and human
activities are the main factors that affect the
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Decreasing the groundwater level can have
destructive effects on natural streams and related
ecosystems, land subsidence, and saline water
intrusion. The development of mathematical
models for groundwater simulation improves the
understanding of the dynamics of an aquifer
system and helps to identify the effects of
various factors. The investigation of the
Mabhidasht plain water level in the long-term
statistical ~ period shows a  continuous
groundwater  drawdown.  Adaptation and
balancing policies have not had a noticeable
effect on controlling this process. The objective
of this research was to simulate the quantitative
changes of Mahidasht aquifer groundwater using
MODFLOW and investigates the contribution of
human effects and climate variability on the
groundwater drawdown of level.

Material and Methods

The study area of this research was the
Mahidasht aquifer in Kermanshah province, in
the west of Iran. Mahidasht Plain is one of the
most important and fertile plains in Kermanshah
province. This plain plays an important role in
the province's economy from the perspective of
its size, the number of users of water wells, and
its geographical location. The area of the
catchment is 1507 km?, and the area of the
aquifer is 508 km? The average rainfall,
temperature, and evaporation from the pan in this
plain are 422 mm, 12.8 °C, and 2007 mm,
respectively. The aquifer of this plain was
formed by the erosion of the marginal elevations
and the accumulation of alluvial sediments. The
sediments in the aquifer area consist of gravel,
sand, clay, and silt and its composition is more
than lime. The groundwater level of this plain is
monitored using 39 observation wells. The trend
of the groundwater level curves was
approximately east-west. In this research, using
the Mann-Kendall method, the trend of the

effective variables on the groundwater resources
of the Mahidasht aquifer (rainfall, free surface
evaporation, runoff, and groundwater level)
during the period from 1982 to 2019 was
investigated. Using the Pettitt test, the change
point of precipitation, free surface evaporation,
runoff, and groundwater level of the plain were
calculated. Then, by training and simulating the
monthly runoff using an artificial neural network
in the period before the change point (1998), the
runoff values after the change point were
simulated. Groundwater Modeling System
(GMS) software was used to simulate the
Mahidasht groundwater level. To model
groundwater resources based on data such as
water level from 1981 to 2019, geological logs
(related to exploratory wells), geophysical
studies, hydrogeology and hydrology reports,
precipitation data, the information on the
discharge of exploitation wells and the balance of
water resources in the area were used. Finally, by
simulating the groundwater level using the GMS
model based on two states before and after the
change point, the contribution of the effects of
climate variability and human activities in
reducing the groundwater level of Mahidasht
Plain was estimated.

Results

The long-term hydrograph shows a 25.8 m
decline in water levels with an average annual
reduction of 0.68 m. The results of the Mann-
Kendall test on the statistical series showed that
precipitation and evaporation do not have a
significant trend; runoff and groundwater levels
have a significant decreasing trend. Based on the
results of Pettit's test to identify the change point,
precipitation and evaporation without a change
point, but the runoff series and the groundwater
level with the breaking year (change point) of
1998 and 2001, respectively (Table 1).

Table 1 Trend and change point analysis of the precipitation series, free surface evaporation, runoff
and groundwater level

MK trend test . . .
Factor —— Annual Trend Pettitt change point analysis
Positive significance
Precipitation - -0.60 -0.18 (mm/year) No Change
Free surface evaporation - -0.16 -0.11 (mm/year) No Change
Runoff 0.99 -3.93  -1.04 (mm/year) 1998
Groundwater Level 0.99 -6.59 -0.7 (m/year) 2001
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The Backpropagation neural network algorithm
was used to predict the amount of runoff flow in
the Khersabad hydrometric station of Mereg
River and the monthly time scale. The input of
the neural network model of rainfall (P) and
discharge (Q) factors with time delay was
introduced. The neural network model with input
P, Pt-1, Pt-2, Pt-3, Qt-1, and Qt-2 had the best
performance. The results of the error evaluation
criteria in the simulation of the groundwater level
of the Mahidasht aquifer in two permanent and
non-permanent states showed that the model has
good accuracy (Table 2). Therefore, it can be
used for conditions of non-operation of the
aquifer.

Table 2 Modeling error results

Error Steady-state Transient  Verification
R? 0.989 0.97 0.965
MAE 0.543 0.446 0.713
RMSE 0.621 0.719 0.816

The simulation results of the Mahidasht aquifer
in non-exploitation conditions showed that the
contribution of climate variability and human
activities on the Mahidasht groundwater
drawdown for the period of 2001-2005 was 44
and 56% respectively; between 2006 and 2010 it
was 22 and 78%, The period of 2011-2015 was
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estimated at 12 and 88% and between 2016 and
2019 at the rate of 9 and 91%.

Conclusions

The findings of this study showed that in the
Mahidasht aquifer of Kermanshah province, the
decrease in the groundwater level is mostly
influenced by human activities and is less
effective than climate variability. According to
the obtained results, the contribution of climate
variability and human activities in the
groundwater drawdown of this aquifer during
2001-2019 is 22 and 78%, respectively. In
addition, the results showed that the runoff series
in 1998 and the groundwater level of Mahidasht
plain in 2001 have a change ‘point. Factors
affecting this issue include the increase in the
number of permits issuedbetween 1989 and
2001, the significant number of unauthorized
wells, the lack of sufficient monitoring of the
cultivation pattern, and the lack of public
awareness of groundwater protection.

Data Availability
The data used in this research are presented in
the paper.
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Table 2 Evaluation of neural network models for runoff estimation

. Training Testing
Model Inputs Architecture
R? NSE RMSE R? NSE RMSE

MLP-1 P 1-1-1 0.81 0.24 1.287 0.78  0.105 2.842
MLP-2 P, Pt-1 2-1-1 081 0.148 1.887 0.77  0.043 3.813
MLP-3 P, Pt-1, Pt-2 3-1-1 0.88 0.102  2.141 0.84  0.098 3.12
MLP-4 P, Pt-1, Pt-2, Pt-3 4-1-1 089 0.033 2.087 086 0.142 2.948
MLP-5 P, Pt-1, Pt-2,Pt-3, Pt-4 5-1-1 095 0787 0943 091 0.214 1.807
MLP-6 P, Pt-1, Pt-2,Pt-3,Pt-4, Pt-5  6-1-1 096 0.813 0884 093  0.657 1.108
MLP-7 P, Pt-1, Pt-2,Pt-3,Qt-1 5-1-1 097 0879 0.771 0.92  0.287 1.654
MLP-8 P, Pt-1, Pt-2,Pt-3,Qt-1, Qt-2  6-1-1 098 0974 0327 096 0.0806  0.684

@ ool b gloosls o Lol el 05503 3,590 Jlo iz
9 0095 7y JB dse oy (pl cadhie Ceally olgie
S8 ol ol paden il sl Sl e 4l b,z
b a0 Ol Bpae s e ol el
Jd.o LSLQOO‘\) ] )‘Jf).“ ‘_e:.‘a.w g_j Qb)} » W-AM

D)1 GG SloFen (lyz oy b (Jlo 5 ay9 50

Se2 0,9 sl Gl ilwaed MLP-8 Joo 5l oolieal L
(T2 6 YAR8) Slsl Lolge CUES (a0 yeais abais 5|
ol 5 el 00 ool tales () S 0 a5 w bl 35
Aoye dNgeiny 2l Joe 4 63959 Olorear Lacols
il 5 solil] onldl 5 Ll elge 51 S
095 b ) ol Bl i oo lul » ol

- 0
50
- 100
40 -
g I Simulated runoff ~ MObserved runoff B Precipitation i Zoog
=% E
= - 300
=] =
o
~ 20 - 2
g
| - 400 £
10 - Hor
P P T PPN @O0 D00 H N &0
O AR AR AR A7 A A A A A7 A8 AT SN AR AR A SN AN AR AN AR

Time (year)

(VNN AAA) o abads Sl oy ool gin i Sy, -0 S
Fig. 5 Predicted runoff after the change point (1998-2019)

m/d o, g opl Zare (2008) .o 0,40 p VF m/d b
b forae 4085 Sl aie) jo Lipgh 0 \Ym/d G Y
cubasale cis Glgsul jo ol g st Jow 5l eoliiul
coyo b byl slojlas polie 0y5] caws w
iy 4 a>pe ol 0 MAE 3 RMSE  Sin
By 5l (Sl a5 sl Caws a4 /OFY g +/2YY /AR

Environment and Water Engineering

0325 91 gl Giledae Y-
Seolinl b ciasale plssul (e gl g5lodands
)_..c 9 )lf..\.vLo o> 93 4O Lg‘o\.\.mL&.o ol_? ¥4 (_gl.a:oob
)—JuO‘)lJ 04 k.':"“‘“"j C"L‘“’ (a-#) JS...; R ‘nbu‘ )lf..\.sLo

ol Sl (Sen (F) S8 5 Sy colon
ol JBale i po 1) (Slewls o Glhalie g )

ol (owdige 5 S jlan

Vol. 10, No. 2, 2024

L dn
Qv
EWE

Vv QLMM:L: Y o)Lo..i) AR 0,9



albil oosaslis ggoge ol el Cavs 4 +/FFFP
cuiasale Hlgsul ey ol 55 Ol b Joe cawlie
oads 1 (V) USG50 slovalive slrol> Cosige !

1350

1345

1340

Head (m)

1335

e Observed

1 357 9111315171921 23
Time step (month)

1330

1359
1358 A
1358 |~

1357 A

\

1357 A =
1356 A
1356

(b) P25

Head (m)

e Observed

1 35 7 91113151719 2123
Time step (month)

1397
- (c) P36
1396 - \

1396 A
1395 A
1395 A
1394 A
1394

Head (m)

e Observed

1 357 9 11131517192123
Time step (month)

YO (& M (il o lods (closmlive claols (g 3ludnnss -V IS5

Y7 (@
Fig. 7 Simulation of observation water table at
observation well a) 16, b) 25, and ¢) 36

L ldl 5 oonldl olse 51 Sy pa o 35510 5k
0)99 99 &1 (Seni 2l Sl g Dbl i alai Lol
Sl YAIA L AYAVD 5l (00 )950cand) asly 0,90 .0l s
0,89 9 iy 2l Gl sle Yoo BRAY 5 Sl
Yeo¥ 5 lly, gl Yo1Q B VAR 51 (0055 Casd) youid
e al Jlo o o (o Sl Sl slp YN
5 Slleg Bl (28,5 L o b egny T Sl

Environment and Water Engineering

BTZGOID

o} B
= 16.0
= 14.6
e 13.2 i

HEH — 11.8

68100:)

3819000
3819000

—1 104
—1 9.0
—1 7.6

3810000
3810000

=1 6.2

20

3801000
1
w Tk
=
T
3801000

3792000
3792000

B

« 0 3 6 12 18 24 =
21 - — s Kilometers 2
§ T T T T =
. 654000 663000 672000 681000 |~

1440

(b)

1420 -

1400 |
y
g
o
S 1380 1
|
o]
% 1360
g
3 1340 -

R2=0.989
RMSE=0.621(m)
1320 MAE=0.543(m)
1300 .

1300 1320 1340 1360 1380 1400 1420 1440
Observed Head (m)

5 Seloyded Calas oad (il gl (-7 S
iy 2l S (o
Fig. 6 a) calibrated value of hydraulic conductivity
and b) correlation of groundwater level

Aol 5l s Sy 5 VE sl 5 S le é Sl s Joe
ol gilwdands wli b suwly g 1z Voo
e b an o adly Y8 5 YO OF o led sloaalie
Gl e cpl o il 0ald oo)ai V) I o Qly’q] N
(o cye bold s byl slelee nolie
IVNR /Y S 5 4 g ooy Jgb B MAE ¢ RMSE

ol (owdige 5 S jlan

Vol. 10, No. 2, 2024

VEY bl ¥ ojlads Ve 0y90 S

EWE



S 35 azxas - ¥
5 il glcddld o oLl Giegh ol e
csagale plgul (e ny ol @l codldl (6 2y s

as oagamme ol Al YA (glo (6 pms g, ko glis -
O3y g )b gy a5 ol plas JlaiS- e i,
ol gl 5 Qlls, @bl gm cal o ne iy,
il oo slalaxde B L2alS wg) shls (e 2
lel (5 m w0ls Lt ity i abais oLl (ga3] -
155 Sllsy s Lol wogy s alads (g0 e 5 )0
s VAl i 4 i abal gl (i)
Lol Yoo

Ol s mals elaile,S sliwl cubasale syl Lo Y
Jlasal) Gladl slacls 156 cod it (ejn)
o8 spdy i 5l Fse 1eS 5 edg (Gein) o
o

Sl Glac s o od8l 6 dy s oS lise g -
A RRT N ST RGO RVF- PR UN SUS S B I SO I
RTIPUR PR 28 NN P A S SOWICIVR U
5 TAA 5 IAY Gl & YoNV-Y 210 g0 YA gfTY
2 3,90 7AY 97 e 40 Yo VE-Y VR0, 90 6l

- s> MODFLOW aliws &0 (o)) sl (55l e
sl 5 o8l 6 pdy yudS pp 2bj)l S8 4 Alg
oz b sloialy Giagh (nl @i iass S Sl
2 8 S Glaglejle [0 syl cupas g g 5lopaonas
ol slees b il sip) ol plie 05250 Cundg
g ale> (65,5l ez plojle 5 (sladlate

Loold ay  ow yiawd

oalsdill alie yie o ileh cpl 4o cadade slacsls
OB i g5 280 2L

Sl ASmn @S Wyl el Wlis ) HEaiegs
Wl e ol Ll b g San g balaly jo a8l

Environment and Water Engineering

VAAD Lo Jlai (maldl Ll 5 515 o i1 (S
2ok A e ol Joe 5l Tl e ,8 ol
wras oSl Ay Ol ileand @l bl
Ly 0 glly) yois abais 5lan gloJlo )0 cgias
.A&‘;;‘ngoﬁo)@ pie

5 ol Gnde S lie e Sb L S
Sl cdagale sonjny o 513 2l o Gladl slacolld
...\i—lsa Cewds LYA o YY/ )y a0 Yo=YV 6,40
s ol |y all 0 slaoyge 1 ppew () SIS (A) S
e sl S R e A (ST e
el 9 5 Sl lacaled 5l (5l s
oals plxil Grmghs Lol el oois pblCliasale giw) )
“Cos g 3,81 pgas,e Ahmadi (2018) lawgs
0557 15 ool § Ll OIS SCSE 5 08l jss (o0
Ol elis )l bl el sloeudls 4 oddl o ice
IS cbanle il ad9>) sued adem i deein)
iR 5 oeimen ool (Sl g3 sladdss s
ol g Sl Jelse 36w 4 Kalaj et al. (2019)
b bl j3ngeiny w2l Sk g Sl Slned
ol las regh ol wls sl (oblge o) Sis
SP AS 5 oo S L el Sl Ll
sl Sblge o

O human activities
B8 Climate varable

100% +

75%

50%

25%

Relative contribution

0%

2005-2001 2010-2006 2015-2011 2019-2016

Duration (yr)
Sl Gocdlad 5 (carldl (6 3y i < Lis g -A S

Caeale (nenj T 5l 8l

Fig. 8 Relative contributions of climate variability and
human activities to groundwater drawdown of
Mabhidasht

Vol. 10, No. 2, 2024

VY ol Y o)lad Ve 090 DS

EWE

ol (owdige 5 S jlan é



References

Ahmadi, H. (2018). Detection and attribution of
climate change and separating the impacts of
climate change and human activities in the
Karkheh river catchment area under
uncertainty. Master Dissertation, University
of Tarbiat Modares, Tehran, Iran. 148 pp. [In
Persian].

Ahmadi, H., & Delavar, M. (2019). Comparison
of different approaches to separating human
and climatic impacts on run-off changes in
basins. [ran. J. Ecohydrol., 6(4), 943-955.
DOI:  10.22059/ije.2019.283700.1139  [In
Persian].

Anonymous (2013). Water balance studies of
the Karkheh, Mahidasht study area in the
year 2010-2011. Water balance report. [ran
Water Resources Management Company. [In
Persian].

Boyce, S. E., Nishikawa, T., & Yeh, W. W.
(2015). Reduced order modeling of the
Newton formulation of MODFLOW to'solve
unconfined groundwater flow. Adv. Water
Resour., 83, 250-262. DOI:
10.1016/j.advwatres.2015.06.005

Chen, H., Wu, M., Duan, Z.,Zha, Y., Wang,
S.,Yang, L.,Zou, L., Zheng, M., Chen,
P., Cao, W., & Zhang,
W. (2023). Forecasting the human and
climate impacts on groundwater resources in
the irrigated agricultural region of North
China  Plain. Hydrol.  Processes., 37(3).
e14853. DOT: 10.1002/hyp.14853

Cuadrado-Quesada, G., & Rayfuse, R: (2019).
Towards Sustainability in Groundwater Use:
An Exploration of Key Drivers Motivating
the Adoption and Implementation of Policy
andRegulation. Environ. Law., 32(1).
111-137. DOI: 10.1093/jel/eqz020

Dai. A. G. (2011). Drought under global
warming: A review. WIRES Clim Change,
2(1),45-65. DOI: 10.1002/wcc.81

Dehghani. N., Wafakhah. M. & Behermand,
Abdolreza.  (2015).  Precipitation-runoff
modeling using artificial neural network and
fuzzy-adaptive neural network in Kesilian

watershed. Watershed. Manag. J.,, 7(13),
128-137. DOI:
10.18869/acadpub.jwmr.7.13.137. [In

Persian].

Environment and Water Engineering

Ghamarnia .Gh., Enayati. S., & Amini. A.
(2022) Numerical Simulation of Bijar-
Divandere Plain Aquifer Using MODFLOW
Code and Investigation in the Effects of

Drought on Its Quantitative Changes.
Environ. Water Eng., 8(1).15-30. DOL:
10.22034/jewe.2021.285092.1562 [In
Persian].

Heim. R. R. (2002). A review of twentieth
century drought indices used in the United
States. Bull. Am. Meteorol. Soc,.. 83(8).
1149-1165. DOL: 10.1175/1520-0477-
83.8.1149

Jabalbarezi. B., Zehtabian. Gh., Tavili. A., &
Khosravi. H. (2020). Ation of Changes in
Groundwater Level ‘of Jafaria Plain Using
GMS Software and MODFLOW Code. Iran.
J. Watershed. Manag. Sci. and Eng., . 14(50).
51-58. . https://sid.ir/paper/405665/en  [In
Persian].

Jiang. S., Wang. M., Ren. L., Xu. C., Yuan. F.,
Liu. Y., & Shen. H (2019). A framework for
quantifying the impacts of climate change
and human activities on hydrological drought
in a  .semiarid basin of Northern
China. Hydrol.  Process., 33.  1075-1088.
DOI: 10.1002/hyp.13386

Khalaj, M., Kholghi, M., Saghafian, B.,
Bazrafshan, J. (2019). Investigation about
climate change and human activity effects on
groundwater level and groundwater quality in
semiarid region, [ran- Water Resour. Res.,

15(2), pp- 278-290. DOI:
20.1001.1.17352347.1398.15.2.21.0 [In
Persian].

Mohammadi, A. & Ghaeini-Hessaroeyeh. M.
(2021). Groundwater Modeling of Astaneh-
Kuchesfehan Aquifer. Irrig. Sci. and Eng.,
44(3). 29-44. DOL:
10.22055/is€.2020.22058.1582 [In Persian].

Mohan, S. & Kuipally, N. (2021). Groundwater
and Conjunctive Use Management. Springer,
Cham. DOI: 10.1007/978-3-030-60147-8 23

Nakhaei, M., hasani, A., Moghimi, H.,
Abbasnovinpour, E. (2022). 'Predicting the
effects of overuse on Zarandieh plain aquifer
(Markazi province, Iran) using GMS
software, Hydrogeol., 6(2), pp. 13-29. DOL:
10.22034/hydro.2022.13017 [In Persian].

ol (owdige 5 S jlan

Vol. 10, No. 2, 2024

EWE

Vv QLMMJLJ Y o)Lo..i) AR 0,9


https://doi.org/10.22059/ije.2019.283700.1139
https://doi.org/10.1016/j.advwatres.2015.06.005
https://doi.org/10.1002/hyp.14853
https://doi.org/10.1093/jel/eqz020
https://wires.onlinelibrary.wiley.com/doi/10.1002/wcc.81
http://dx.doi.org/10.18869/acadpub.jwmr.7.13.137
http://dx.doi.org/10.18869/acadpub.jwmr.7.13.137
https://doi.org/10.22034/jewe.2021.285092.1562
https://doi.org/10.22034/jewe.2021.285092.1562
https://journals.ametsoc.org/view/journals/bams/83/8/1520-0477-83_8_1149.xml
https://journals.ametsoc.org/view/journals/bams/83/8/1520-0477-83_8_1149.xml
https://sid.ir/paper/405665/en
https://doi.org/10.1002/hyp.13386
https://dorl.net/dor/20.1001.1.17352347.1398.15.2.21.0
https://dorl.net/dor/20.1001.1.17352347.1398.15.2.21.0
https://doi.org/10.22055/jise.2020.22058.1582
https://doi.org/10.1007/978-3-030-60147-8_23
https://dx.doi.org/10.22034/hydro.2022.13017

Niemann. JD. & Eltahir. E. (2005). Sensitivity
of regional hydrology to climate changes.
with application to the Illinois river basin.
Water ~ Resour.  Res., 41(7). DOI:
10.1029/2004WR 003893

Pettitt, A. N. (1979). A non-parametric approach
to the change-point problem. J. R. Stat.
Soc.,28(2), 126—-135. DOI: 10.2307/2346729

Poonia. V. & Tiwari. Hari.Lal. (2020). Rainfall-
runoff modeling for the Hoshangabad Basin
of Narmada River using artificial neural
network. Arabian J. Geosci., 13(944). DOL:
10.1007/s12517-020-05930-6

Qu. X., Alvarez. PJJ.,, & Li. Q. (2013).
Applications of nanotechnology in water and
wastewater treatment. Water Res. 47 (12).
3931-3946. DOI: 10.1016/].
watres.2012.09.058.

Rivera. J. A., Araneo. D. C., Penalba. O. C., &
Villalba, R. (2018). Regional aspects of
stream flow droughts in the Andean rivers of
Patagonia. Argentina. Links with large=scale
climatic oscillations. Hydrol. Res., 49(1).
134-149. DOI: 10.2166/nh.2017.207

Sheikha BagemGhaleh. S., Babazadeh. H.,
Rezaei. H., & Sarai Tabrizi. M. (2023).
Numerical modeling andytrend analysis of
Mahabad aquifer quantitative status. Water
Soil. Manage. Model., 3(2). 1-17. DOL:
10.22098/mmws.2022.11275.1113 [In
Persian]

Siebert. S., Burke. J., Faures. J. M., Frenken. K.,
Hoogeveen. 4., Doll. P., & Portmann. F. T.
(2010). Groundwater use for irrigation — a

global inventory. Hydrol. Earth Syst. Sci., 14.
1863—-1880. DOI: 10.5194/hess-14-1863-
2010

Wada. Y., van Beek. L.P.H., van Kempen. C.M.,
Reckman. JJW.T.M., Vasak. S., & Bierkens,
M.F.P. (2010). Global depletion of
groundwater resources. Geophys. Res. Leltt.
37 (20). DOIL: 10.1029/2010GL.044571

Wreikat, M & Kharabsheh, A. (2020). Impact
of over-pumping on groundwater resources
sustainability at Amman Zarqa basin, Jordan:
a case study of arid areas affected by Syrian
refugee’s crisis. Environ Earth Sci., 79(19).
DOI: 10.1007/s12665-019-8768-0

Yousefi. A., Nasiri. B., Karampour. M., &
Malekian, A. (2018). Investigating climate
change on changes in groundwater level in
dry areas. case study: Bagh Desert. Q. J.
Phys. Geogr.,11(42): 97-112
https://jopg.larestan.iau.ir/article 664127.ht
ml . [In Persian].

Yue. Sheng., Pilon. Paul., & Cavadias. George.
(2002). Power of the Mann—Kendall and
Spearman's rho tests for detecting monotonic
trends in hydrological series. J. Hydraul.,
259(144), 254-271. DOIL: 10.1016/S0022-
1694(01)00594-7.

Zare, M. (2008). Investigating the possibility of
artificial recharge using a conceptual and
mathematical model in Mahidasht plain
aquifer. Master Thesis, University of Razi,
Kermanshah, Iran. 145 pp. [In Persian].

How to cite this paper:

Fattahi Chaghabaghi, A., Akhund Ali, A. M., & Azari, A. (2024). Contribution of human activities and climate
variability on groundwater changes (case Study: Mahidasht Aquifer, Kermanshah Province, Iran). Environ.
Water Eng., 10(2), 1-234. DOI: 10.22034/EWE.2023.398483.1866

Environment and Water Engineering

ol (owdige 5 S jlan

Vol. 10, No. 2, 2024

Vv QLMM:L: Y o)Lo..i» AR 0,9

EWE


https://doi.org/10.1029/2004WR003893
https://doi.org/10.2307/2346729
https://doi.org/10.1007/s12517-020-05930-6
https://doi.org/10.1016/j.%20watres.2012.09.058
https://doi.org/10.1016/j.%20watres.2012.09.058
https://doi.org/10.2166/nh.2017.207
https://doi.org/10.22098/mmws.2022.11275.1113
https://doi.org/10.5194/hess-14-1863-2010
https://doi.org/10.5194/hess-14-1863-2010
https://doi.org/10.1029/2010GL044571
https://doi.org/10.1007/s12665-019-8768-0
https://jopg.larestan.iau.ir/article_664127.html
https://jopg.larestan.iau.ir/article_664127.html
https://doi.org/10.1016/S0022-1694(01)00594-7
https://doi.org/10.1016/S0022-1694(01)00594-7
https://doi.org/10.22034/ewe.2023.398483.1866

