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The lack of surface water resources has caused the indiscriminate extraction of
groundwater in many parts of the world. The sharp drop in the level of groundwater
tables, and the investigation of changes in groundwater resources are very important
in the planning and sustainable management of water resources in each region. The
purpose of this research is to investigate the changes in the level of the groundwater
table Ghorveh-Dehgolan plain, which is one of the most important and largest
plains of the province. To this end, the statistics of 104 observation wells during
three time periods (2001-2008, 2008-2013, and 2013-2018) were analyzed. At first,
statistical data was collected, and after entering the data into the Geographical
Information System (GIS) with the interpolation method, maps of lines of equal
depth, and zoning of decreasing the level of groundwater table were prepared. To
investigate the long-term changes and fluctuations of the groundwater level, the
representative water table of the aquifer was also drawn in the Excel software. The
results obtained from the maps of the same area of the fall showed that the highest
level of groundwater in the third time period (2013-2018) in the southern part of the
aquifer was 7.3 m, in the second time period (2008-2013) in the central part of the
aquifer has dropped by 5.7 m, and in the first period (2008-2001) in the northern
and central parts has dropped by 3.3 m. The hydrographs of the groundwater level
show that the water level has decreased by 13.8 m in the 20-year period, and the
average water level has decreased by 0.7 m every year. The results of the reservoir
volume changes showed that the volume deficit of the alluvial reservoir is equal to
56.2 million m®. In addition, the temporal monitoring of drought of the groundwater
resources of Ghorveh-Dehgolan plain with the Groundwater Resource Index (GRI)
has a downward trend towards drought during the 20-year statistical period.
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EXTENDED ABSTRACT

Introduction: Groundwater sources are one of the most important and cheapest water sources. Correct recognition and
fundamental exploitation of them play a significant role in the sustainable development of social and economic activities of a
region, especially in arid and semi-arid regions. Today, due to the indiscriminate extraction of underground water resources
in many plains, the water level has fluctuated a lot and the underground water level has dropped, and these plains have faced
a decrease in the quality of water resources. The lack of proper knowledge and excessive exploitation of these resources will
result in irreparable damage such as a severe and irreversible drop in the underground water level and a decrease in the flow
rate of wells and canals. For this purpose, to know the state of underground water resources and their optimal management, it
is necessary to carry out a detailed study of the fluctuations of the underground water level. Due to the occurrence of periods
of drought and increased exploitation of the aquifer, the expansion of agriculture, and the increase in groundwater extraction,
the level of the groundwater level in the Gorveh-Dehgolan aquifer has decreased, which has resulted in a decrease in the
level of the groundwater level and a decrease in the efficiency of the wells. The purpose of this research is to investigate and
zone the temporal and spatial changes of the groundwater table of the Gorveh-Dehgolan aquifer, trends of depletion, and
annual changes and temporal monitoring of the drought of groundwater sources of Gorveh-Dehgolan aquifer based on the
representative hydrograph.

Methodology: The statistics of 104 observation wells during three time periods (2001-2008, 2008-2013, and 2013-2018)
were analyzed. At first, statistical data was collected, and after entering the data into the Geographical Information System
(GIS) with the interpolation method, maps of lines of equal depth, level, and zoning changes of the groundwater were
prepared. Besides, to study the drop level, the groundwater level of observation wells related to October 2018 from the water
level in October 2013, the water level in October 2013 from the water level in October 2008, and also the water level in
October 2008 from the water level in October 2001 has been subtracted and the zoning map of the changes of three time
periods and the total common statistical period (18 years) of groundwater has been prepared in ArcGIS 10.5. The
representative water table of the aquifer has been prepared to investigate the long-term changes and fluctuations of the level
of the groundwater table, as well as to detect the periods of increase and decrease of the water level, during the statistical
period for the Gorveh-Dehgolan aquifer. Long-term changes and fluctuations in the level of the groundwater table were also
drawn in the Excel environment. The phenomenon of drought in the long term causes the reduction of water resources
through the drying up of surface and groundwater streams. For this purpose, the Groundwater Resource Index (GRI) has
been used for temporal monitoring of drought of groundwater sources in the Gorveh-Dehgolan aquifer.

Results and Discussion: The results obtained from the maps of the same area of loss showed that the highest level of
groundwater in the third time period (2013-2018) in the southern part of the aquifer was 7.3 m, in the second time period
(2008-2013) in the central part of the aquifer has dropped by 5.7 m and in the first period (2001-2008) in the northern and
central parts, it has dropped by 3.3 m. The hydrographs of the level of the groundwater table show that during the period of
20 years, the depletion of the level table in the Gorveh-Dehgolan aquifer is 13.8 m, which means that the water level has
depleted by 0.7 m every year on average, this actually shows that it is negative Changes in the groundwater level in the
studied aquifer. The results of the changes in the volume of the Gorveh-Dehgolan aquifer showed that the volume deficit of
the Gorveh-Dehgolan aquifer is 56.2 mcm and it can be said that in the past years, in addition to consuming 100% of the
renewable reserve, a part of the fixed reserve has also been exploited. In addition, temporal monitoring of the drought in
groundwater resources of the Gorveh-Dehgolan aquifer with the GRI shows a very descending trend towards drought during
the 20-year period. Therefore, since 2010, the drought index has become negative and until the end of the statistical period,
the negative values of the index continued, which indicates a decrease in the groundwater level in the region. The most
severe groundwater drought occurred in 2017 with an index of -1.52.
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Figure 1- Diagram of cumulative changes in the volume of the alluvial aquifer

Conclusion: Groundwater is the main source of agricultural needs, especially in arid and semi-arid areas; Therefore, having
sustainable agriculture requires careful management and planning on how to use these resources, which itself requires
sufficient knowledge about the spatial changes of the underground water level in a certain period of time. In the present
research, the investigation of the depletion of the level of groundwater table, especially in the piezometers of the central parts
of the Gorveh-Dehgolan aquifer, showed that this water disaster is mainly due to the improper management of water
resources and the increase in the issuance of permits for deep and semi-deep wells in the last two decades. The negative
balance of the aquifer is so severe that even the good rains of the last few years have not been able to stop the process of
lowering the level of the groundwater table. It is recommended to prevent the continuation of the decrease in the volume of
the Gorveh-Dehgolan aquifer to manage and control the exploitation of the wells, to prevent any over-harvesting, as well as
to use the implementation and development of aquifer projects to supply the shortage of water resources and feed the aquifer.
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Figure 2- Zoning of the groundwater depth of Gorveh-Dehgolan aquifer in the years 2008, 2012, and 2018
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Figure 3- Zoning of the groundwater level of Gorveh-Dehgolan aquifer in the years 2008, 2012, and 2018
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Figure 4- Zoning of changes in groundwater drop (cm) in three time periods
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Figure 5- Representative hydrograph of the aquifer in the plain for a 20-year period (2000-2020)
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Figure 6- Diagram of cumulative changes in the volume of the alluvial aquifer
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Figure 7- Changes in the GRI index of the aquifer in the plain for a period of 20 years (2000-2020)




(VEY Y sl o ojles) oyl T zobaw (sailolu Y

6 785 4o
S by plpliy 98 o g wse Sidd o g SiiS bl 3 ogasy (65,0liS sl el Lol pue duejp; ol
2 B el il pilime 295 pl &S sl b opl jl oaliiwl 050 3y50 13 (5485 (£ 55400 s g Cupie Jiojlo b (655l
g w‘.)).) JJ.)AJ )..>| dl!bﬂb.) ‘Sb 30 (SR dhu] o ua?um LS"'“) 0593 ;i) SRR 33Y3) ui GL‘W u.»lSw ul).wu dy90
—0gy5 > > Al VA Gl o)gd dw 3 ey ol grdaw by Lg, dnlllas opl )3 Wlords 9,49, o LialS b s )]
@S 2l s bt )8 )8 adllas 3y50 MR

reg3s 9 yie WA Jolse glald Jlood ytogin )3 i i 4 oMSmo—09)8 (sl 1 (iwejj o Bos S 9 ot =)
] o 39> Muad o3la—3b] o puo

O Gl (S cas & ol i ool Whe obiygyd oy 5l edel Candty claasds sl wejp; ol e IS cgs Y
ool i b g Jladm g dddlas 3)50 0394200 (iaj )

il S ey Sl i Ol S5l g il hals Ky, b siegi oled )> Mmam0g)8 Cubd (eej ol Sl Y
i 2 3l Bl S g ameg Slwg slegin 4 bgye WWAVIIYAY (Gloj 0)93 )3 (dnjj o 515 <l o i
el ()03 ylogin & bgiye

Jo 4 by il lie o5t o Gl Jlo Yo (o)l 0y93 Jobo jo MSmam098 b (oojo ol 515 pliee il —F
ol o0 anlge (g yi0 YIAD 3l b 365 1 Jlo 4y s oS cal WWAM-IYARX ]

g 039 (oialS Al Y Sloj ojl > @lpuis K9y b L5  MRad—og,s cusd byl losul 35w Slpss wyp —0
ol CxSoyio youleo OFIY Jolro MEd—04,8 Qly'qi uﬁ)j O3 a5 S

03l WA Jlo &S gygba ol ol JlocSid cuow 4 Jop 89y dlocu (glel )90 Job ;> GRI Hlaie -5
Dyl daldl jasls aie polie (oylol 6ygd (bbb g ond Lhie JloSiis

—09)J Cdd le_ﬁub_%j c(BGR, 2011) Lu.) duub_‘xj P 4).)4.: u‘).m LS"’)” .))5]).3 61).5 DMW LF’LQ? A58 L)"L"’] »
Blie jl odlaiwl ol Cusgion Gygo 53 o cplplo )b (g Jlo 1) Jlo 55 o deo Yoo Voo g &Vl 4385 (M
byly s o sy )b 5l lej b Jlw & c‘j L;Lasdbéqi St g bl 5 a9y o oy s ( MKad—049,8 Cubd uojpj
it o s SBlags gyt s i & Syt 3 5 0395 e callao 3y50 il J s oy pte JolS 55 b
5 ) @lie calial oo 5 bises o s ol 45 amd o L5 asd (655 10 g (2ol sloist sl yiogin )3 Logus
=4S el Wad o 4 baglgsol ke (Mo ol 039 ALBIS A 93 )3 Bres e g Gwes slaoly Lis jeme jgho il
xS ole Crp 3580 drogs WS Cailan (rojj Sboojiu I3 I W) Sl Conl atdlys s 3l Jlo S canlio slagt)l
Sygmo i yS ldibie Ol lojlw Gy b 5l LolS aludl ] wiaes b g Cucgion Slpiin 4 Cams 5w w3 LialS g, el
U slmgpsail Ly M 8009, 8 > (ipojj oo 515 Slpaads gy adlllas (s T slo)lS sl dlaiiy sl om0y
2,8 sl (S05glgrn (Sloj sbacspw 3 Kmeans o SOM L gunades sbahg) 9 Sage b 9 WS e (s elb

M Ol Yo

A5 daled 03l )8 HLas] 55 Jstue ol s jl 03l Cuwlgd yd Ciyguo 3 103D Ay ow Jwd

sl 03503 28L,> o Coles (65,9l8S gy g gl «lisig lojl Sl g o plodl Sliiins )b B )3 Shagl ol Jle Cules
tloin], 136055 ppas ‘alio ag) s L5155 eyl e 58l 5 (sl Ll plonl e sloporie 1oy e (susss matlyl 1315 M 93 5, Liko
e ol s Gialno

oo ol @l 5 Al Ll g IS pogad 53 (Ble ol &S oS W) e pMel dlie ol QB ag 1 Mgl @8l SLAT
85,185

295 9 Ujoel «liniog lajlaw ) + V= Qe Qe Yo YO-A-OFY Cigmo A5 b g )b 2ol 5l oo J) 485 dlde oyl 264135 wlaw
SiagtS Shigel 5 Claios 550 ilye g o S o o (s 3l 5 ST cblis aaStingly oy (lgtins 3l dbusg i 5 Sl () (55558
Al Jos 4 (o8 (o Jole 135 GBT Cliz g (o0 e i ) iS55 Il IS s i il (o o 5



¥ e JLSUS (Sloj il 9 Faoj 5 O g Sl Ol il (gksdig

&bw

O e ot lalen (oS 9 (o0 BIS 3l ookl b M3 > (o) ol s I gy (WAY) 55, g 5 B geo

(V)0 cjusel 595 oo dolidimgs . Job— Jol by gwejpj ol a5 g (o8 Sl K9y owyy (WWAY) camli (S g ol ¢ sl
AY¥-VaF

Ao Csd u|9_>ui 180 90 axlllao ¢ G|8)1 oalawl L =333 lehu] cél ) (\Y‘AA) Sl w9 df)> PP :d)»fl
SY-YA (FNF Sy O ccblis cla g

5 Cublig golb )5 Cbd i Ol S 5 (o5 Sl S5y gyt (W) yp g 315 Se i cisipd 5 p (8151
AY-2) (V)

L)"‘ di > )I oalaiwl L: Qaﬁ.)b}f Cudd ‘_)19701 D (%03 2) c_j C.‘a.w cél (\\NAR) Eogw P 9 U.»L»}a . cu.s.’ﬁu' P e cd).:.al
NAY aan UI)‘G(J ‘819 t_j Cariuo oK JL u] J)ng) l) ui LFLQ quLo.b &Y o 4 garo

]a)‘)w PN u] é)L.a wlmb Co pdo )l d.\m‘}w um.)—os)ﬁ Cudd Lg‘.m u‘}?:j D (SR u] C‘L’"" uu.wﬁ: (\Y“\a) C ‘u_\awal

oty J) oslil b (5,5l Bl g i S (ieojn slacl (Sagll byl (WAF) (x5 B g oy g el sl
IV Y SB g Ol cblas gla g 4y . adls S S

ol cblis (glatngh (deeg) b 163y 90aalllas) (e ol S5 Sl L9y oy 2 (WAF) 2oy 2 5 Sdowo - g csbinse
AF=SY (VY (S5
FY-0A (YY)A cublu W}fl u““’“\“@:" (P%] ulMA" <uoL$ Cudd $2)9° d.:JUGA) wlMAJP 9 ui Lglmbb 9 L;Lalgﬁ

b SumalnsS plgel (inej 5 ol o (sanaiag 5 Slojm Gl Sl oy 2 (WAY) ol Bl g plibiaogs p cp sy
Xo0-YVE A(OY)D ( oldl i glab . g lel e (slo g, 5l odlizul

Gl ey Slobyy 9 dadsn sl re Gl L (e o g e g Sloj Sl a3 (V) (oS 2 5

Bolllas) (gpmjynj ol bty rarstias 0 olpe Ald oo 39y (2l b)) (VWR5) sage 9 (Slels 5k L ol (e,
AVA-ASR (FIV e gylapusul g @ pe [ MRKmd0g,8 b 153,90

SS5 3l ool b 493 3 iomiw 9 GIS al p o Med casd o) ol wlio Jumsily (obj)l (W7A0) Sl .S g p (ou)
SY=YA (YO - ¢yl oo pusul awdine g pole woyline Lin (65 puouas

3 ookl b 0g 8 b lgsel s g a0l bl olwlid (WAA) o059 yo B g (gj9y95 | Sloduol (5655 Tl o)
VYR (FANY s Lo olidi o) (GIS) gLl i cleMbl piuus

s SS) (MSmmog8 ol ddgs neinj Ol @le parass (ks GO (WAY) pliws S (ladlaie Ol (olow <55

slopasls jl oslitul b (50, plulS sl JSix cubd iajpj (ool (&S Camdy (y (WWAR) jpdls 1B g8 (shad

Ol szl (alig) 5 b Fblio (o)) ool o 1 St Sloj= e iloie (W) (sdaio g 5 g oo
WV=EY (WA ) bame (59055 g pole .GIS  slacSisS jl osliwl b

9095 Cudd uwojy) ol (&S cla el SlKe g Sloj @l pis (WD) (s )3 p g Ly p e o S cpp0dljyd .z cid ¢ owlie
IY=IWY (V) 5909559, o JloSis b ol bls)) g o Mad



(VEY Y sl o ojles) oyl T zobaw (sailolu Yy

5 ol il ealital Slyss ;o aST L e 51 tomiw slaosls 1 ookl b o8 bl j3 libl d5gy awyp (WA p o o b
NOY=VYY (V)N ol yblo g @5 pe lidos .ol wlin a8 g (o8 <l yuss

i) Sl S g (oS sgtally 2 o) Sl g 8B o (W) dlisie 2 g o0 2 il j 2

s> 535158 Sligusy )3 Bly ey ST (S Dyt (2 (WWAB) Glorkes Cop g B9)l Slidaseo g el (g8 1P oSS
ATV AP o 55l pes'5 csloingis e

5 osliznl b leyS s guejyj o pdaw Sloj g Sl @lpis awyp (WAY) (6)3L 1) g (sohe0 -p cdindo L& e o ¢ Shaxo
=5+ (IR ) Gbls g &5y Slasdiss (WWAD —VYVD @l Vo (glol 0,95 SO (b cawlio (ylolpso; (159,

Lowdiges +liams B HD Sue ) ‘51@;.)] oS Ol oy (W) LS . Sip g (oymol o cbdosmocwsd 2l cp (sdaze
Y2 (FYNY ol wlie

Sl ey gy 5 oolitul b ad p o unjp o) aaw Ll Bl 40 488w 51 (WWAY) eddie (B g (chdpe .z wp lime
31 olKisls (opmoipw islel J3 (GIS g 490 3 Lyiomiw) (olad oo aid i slaJde 5,8 o yioled opinsds . Siom S
D daly oMl

il ol o )3 (onj ol e Sllogs Sl oy (VFo ) (2205 (Sgio p g SliwdsS (5 2yl L epop ol
AOVEY ()N ol pl O 5 (oylol (wdine (Aidgly (ode i b > Dy,

bulys cov gl ol 059 3 einj ol o Sy Ligy oy (MTR+) o9l S g (£lud oy wsilail g ep B0l 30

ol cuns 2 B oy Jelse lgie & Sesawy| 5 &yoo 2bsyl (WWAF) (o0b .S Pmd)l;éi &l Bl B ug (g p
A=Y AFIY g55l58)9088 59, it o Ol B35 (in0) 05 g (oxdams

)‘ odlaiwl b =3 u] é.)L.A Cumdg u..ol)l Lgﬁ)lf u])Mp Ay, ).A;L =y (\\”‘“ﬂ) o.)‘)’ Lgﬁ (P G (0 P P ‘L;le)a.a;
AV (AN oldl e SleMbl () S cusd (6350 adlllas) (sl laalo yglas

3l oolitwl b uejps ol S g (o8 slayielb SlKem Sloj Slpii awyp (WAY) LikecSSyme p 9 65T o g alogby
NO-YO Y+ ) o)l 55ul dngs g gugy iyt dguie cusd p bl o) (slabg,

Db g lalwd & les (e (plerd= (K58 Cluogas blite Il 5 )lul (yp (V) lopm g 9 ol sop e (g

References
Abbasi, F., Farzadmehr, J., Chapi, K., Bashiri, M. and Azarakhshi, M. (2016) Spatial and Temporal
Variations of Groundwater Quality Parameters in Qorveh- Dehgolan Plain and Its Relationship with
Drought. Hydrogeology, 1(2): 11-23. https://doi.org/10.22034/hydro.2016.5002. [in Persian].

Afzali, A., and Shahidi, K. (2013) Investigation on Trend of Groundwater Quantity-Quality Variation in Amol-
Babol Plain. Journal of Watershed Management Research, 5(10):144-156. URL: http://jwmr.sanru.
ac.ir/article-1-419-en.html. [in Persian].

Ahmadi, F., and Ranjbar, H. (2012). Studying the drop of underground water level in Dehgolan plain using
GIS, 31st Earth Science Conference, Tehran. [in Persian].

Akbari, M., Jorgeh, M.R and Madanisadat, H. (2009) Assessment of decreasing of groundwater-table using
Geographic Information System (GIS) (Case study: Mashhad Plain Aquifer). Journal of Water and Soil
Conservation, 16(4): 63-78. https://doi.org/20.1001.1.23222069.1388.16.4.4.0. [in Persian].

Amiri, V., Nakhai, M., Mousai, F., and Suri, S. (2010) Groundwater level drop in Kohdasht plain aquifer using

GIS. Proceedings of the National Water Conference with a clean water approach. University of Water and
Power Industry, Tehran. Page 1084. [in Persian].



https://dorl.net/dor/20.1001.1.23222069.1388.16.4.4.0

Ty e JLSUS (Sloj il 9 Faoj 5 O g Sl Ol il (gksdig

An, T.D., M. Tsujimura, V. Le Phu, A. Kawachi and D.T. Ha. (2014) Chemical characteristics of surface
water and groundwater in coastal Basin, Mekong Delta, Vietnam. Procedia Environmental Sciences, 20:
712-721. https://doi.org/10.1016/j.proenv.2014.03.085.

Asadi, A. and Bayat, F. (2019) Evaluation of the quality of groundwater resources in Zanjan plain using EWQI and
TOPSIS methods. Environmental Sciences, 17(1): 41-56. https://doi.org/10.29252/envs.17.1.41. [in Persian].

Asoka, A., Gleeson, T., Wada, Y., and Mishra, V. (2017) Relative contribution of monsoon precipitation and
pumping to changes in groundwater storage in India. Nature Geoscience, 10(2): 109-117.
https://doi.org/10.1038/nge02869.

Bameri, A. and Piri, H. (2015) Assessment of groundwater pollution in bajestan plains for agricultural
purposes using indicator Kriging. Journal of Water and Soil Conservation, 22(1): 211-229.
https://doi.org/20.1001.1.23222069.1394.22.1.11.3. [in Persian].

Behmanesh, J. (2015) Investigation of groundwater level changes trend (Case Study: Urmia plain). Journal of
Water and Soil Conservation, 22(4):67-84. [in Persian].

BGR (Federal Institute for Geosciences and Natural Resources) and UNESCO (2011). “World-wide
Hydrogeological Mapping and Assessment Programme (WHYMAP)” http://www.whymap.org.

Delbari, M., Bostanian, M. and Afrasiab, P. (2012) Investigating spatial-temporal changes and zoning of
underground water level of Kohpayeh-Segzi aquifer, using geo-statistical methods. Geographical Space
Scientific Research Quarterly, (52)15: 324-305. [in Persian].

Ekrami, M., Sharifi, Z., Melkinjad, H. and Ekhsati, M. R. (2011) Investigating the process of quantitative and
qualitative changes in Yazd-Ardakan plain. Bi-monthly scientific research magazine Health Yazd. (2)10:
91-82. [in Persian].

Fattahi, M. M. (2009) Study of trend of desertification trend in Qom province base on remote sensing with
emphasis on Landuse changes and water quality and quantity resources. Iranian Journal of Range and

Desert Research, 16(2): 234-253. [in Persian].

Gebhreles, JC., Van Geer, FC. and De Vries, JJ. (1994) Decomposition of groundwater level fluctuations using
transfer modeling in an area with shallow to deep unsaturated zones. Journal of Hydrology. 157(1-4): 105-
138. https://doi.org/10.1016/0022-1694(94)90101-5.

Kai, Z., Faramarzi, M., Karimi, H. and Mehdizadeh, H. (2016) Investigating the effect of land use change on
quantitative and qualitative parameters of groundwater in Mehran plain of Ilam. Wetland Ecobiology
Scientific Research Journal. 9 (11):28-15. [in Persian].

Keneth, H.F. (2003) Climate Variation Drought and Desertification, W. M. Annual Report. Jevenva.

Kokbeinjad Qazvini, A. H., Mohammadnejad Arouq, V. and Soleimani, M. b. (2018) Assessment of qualitative
changes in Urmia quaternary plain groundwater. Quantitative Geomorphological Research, 5(3):93-110.
https://dor.org/20.1001.1.22519424.1395.5.3.7.1 [in Persian].

Lee, J.Y., Yi, MJ, Moon, S.H., Cho, M., Won, J.H., Ahn K.H. and Lee, J.M. (2007) Causes of the changes in
groundwater levels at Daegu, Korea: the effect of subway excavations. Bulletin of Engineering Geology
and the Environment. 66 (3):251-258. https://doi.org/10.1007/s10064-006-0074-x.

Mendicino, G., A. Senatore and P. Versace, (2008) A Groundwater Resource Index (GRI) for drought
monitoring and forecasting in a Mediterranean climate. Hydrology Journal, 357:282-302.
https://doi.org/10.1016/j.jhydrol.2008.05.005.

Mirzaei, M., Morshidi, J. and Azimi, F. (2013) The effect of Karkheh Dam on increasing the groundwater level
of Sorkheh plain using Kriging geostatistics method. The first national conference on the application of
advanced models of spatial analysis (remote sensing and GIS). In land use, Islamic Azad University, Yazd
branch. [in Persian].

Mohammadi, M., Dustmohammadian, A. H., Amiri, M. and Kianian, M. K. (2020) Investigating Quantitative
Changes of Groundwater in the Semnan Plain. Water Resources Engineering, 13(47):61-70.
https://dor.org/20.1001.1.20086377.1399.13.47.5.2. [in Persian].

Mohammadi, S., Salajegheh, A., Mahdavi, M. and Bagheri, R. (2012) An ivestigation on spatial and temporal
variations of groundwater level in Kerman plain using suitable geostatistical method (During a 10-year
period).  lIranian Journal of Range and Desert Research (IJRDR), 19(1):60-71.
https://doi.org/10.22092/ijrdr.2012.103069. [in Persian].


.%20https:/doi.org/10.1016/j.proenv.2014.03.085
http://www.whymap.org/
https://doi.org/10.1016/0022-1694(94)90101-5
https://dorl.net/dor/20.1001.1.22519424.1395.5.3.7.1
https://ui.adsabs.harvard.edu/link_gateway/2008JHyd..357..282M/doi:10.1016/j.jhydrol.2008.05.005
https://dorl.net/dor/20.1001.1.20086377.1399.13.47.5.2
https://doi.org/10.22092/ijrdr.2012.103069

(VEY Y sl o ojles) oyl T zobaw (sailolu Y€

Naderianfar, M., Ansari, H., Ziaie, A. and davary, K. (2011) Evaluating the groundwater level fluctuations
under different climatic conditions in the basin Neyshabour. Irrigation and Water Engineering, 1(3): 22-37.
[in Persian].

Naderianfar, M., Faryabi, A., Kouhestani, S. and Safavi Gardini, M. (2021) Investigating the Groundwater
Fluctuations Level in Basin of Halil River, Jiroft. Irrigation and Water Engineering, 11(4):141-159.
https://doi.org/10.22125/iwe.2021.133694 [in Persian].

Nadiri, A., Sadeghi Aghdam, F., Aghari Moghaddam, A. and Naderi, K. (2015) The Assessment of Salinity and
Arsenic as the Destructive Factors Affecting on Surface and Ground Water Quality of Sahand Dam water
Basin. Hydrogeomorphology, 2(4):79-99. https://dor.org/120.1001.1.23833254.1394.2.4.5.8. [in Persian].

Nasrollhi, M., Mambini, M., and Valizadeh, S. (2014) Investigating the effect of land use changes on the status of
groundwater resources using satellite images (case study of the West Gilan Plain). Scientific Research Quarterly
of Geographical Information, 23(91): 97-89. https://doi.org/10.22131/sepehr.2014.12865. [in Persian].

Osati, Kh. (2016) Fluctuations of the underground water level in the aquifers of Garoveh-Dehgolan plain:
evidences of inappropriate management of water resources in drought conditions, 6th National Conference
on Water Resources Management of Iran, Sanandaj. [in Persian].

Paimozd S, Rezaei M R, Rezaei M J. and Rezaei J. (2019) Modeling Groundwater Changes Using Four
Different Techniques of Evolutionary Neural Network and climatic data (Case Study of Dasht-Abbas Plain,
llam Province). Desert Ecosystem Engineering Journal, 8(22): 43-58.
https://doi.org/10.22052/deej.2018.7.22.25 [in Persian].

Panda, D.K., Mishra, A., Jena, S.K., James, B.K. and Kumar, A. (2007) The influence of drought and
anthropogenic effects on ground water in Orissa, India. Journal of Hydrology, 343: 140-153.
https://doi.org/10.1016/j.jhydrol.2007.06.007.

Priestley, S.C., Shand, P., Love, AJ., Crossey, L.J., Karlsrom, K.E., Keppel, M.N., Wohling. D.L. and
Rousseau-Gueutin, P. 2019. Hydrochemical variations of groundwater and spring discharge of the western
Great Artesian Basin, Australia: implications for regional groundwater flow. Hydrogeology Journal. 27(8):
1-16. https://doi.org/10.1007/s10040-019-02071-3.

Rabiee, M. and Karami, H. (2022) Estimation of Temporal and Spatial Variations of Groundwater Level by
Combining Intelligent Models and Geostatistical Methods (Semnan Plain). Irrigation and Water
Engineering, 12(3): 220-242. https://doi.org/10.22125/iwe.2022.146404 [in Persian].

Rahimi, M. and solaimani K. (2017) Remote Sensing and GIS Based Assessment Groundwater Potential Zones
Mapping Using Multi-Criteria Decision-Making Technique. Watershed Management Science and
Engineering, 10(35): 27-38. URL.: http://jwmsei.ir/article-1-433-en.html [in Persian].

Rahmati, O., Nazari Samani, A. and Mahdavi, M. (2017) Assessing the effectiveness of the analytic hierarchy
process as a groundwater predicting tool (Case study: Ghorve-Dehgolan plain). Journal of Range and
Watershed Management, 70(4): 869-879. https://doi.org/10.22059/jrwm.2018.31578.569. [in Persian].

Samadi, J. and Samadi, J. (2017) Spatial-Temporal Modeling of Groundwater Level Variations of Urban and
Rural Areas in Kashan Aquifer Using GIS Techniques. Journal of Environmental Science and Technology,
19(1): 63-77. https://doi.org/10.22034/jest.2017.10329.

Shahid, S. and Hazarika MK. (2009) Groundwater drought in the northwestern districts of Bangladesh. Water
Resources Management, 24(10): 1989-2006. https://doi.org/10.1007/s11269-009-9534-y.

Shahidi, A. and Khadempour, F. (2020) Investigating the Qualitative Satus of Groundwater in the Plain of
Khorasan Razavi Province Using GWQI and AWQI Indexes and Its Zoning with Geographic Information
System (GIS). Hydrogeomorphology, 7(22):1-20. https://doi.org/10.22034/hyd.2020.10802 [in Persian].

Shi, L., Wang, Y., Qiu, M., and Wang, M. (2019) Assessment of water inrush risk based on the groundwater
modeling system-a case study in the Jiaojia Gold Mine Area, China. Arabian Journal of Geosciences,
12(24): 872-893. https://doi.org/10.1007/s12517-019-4986-8.

Singh, K., Hundal, H. S. and Singh, D. (2011) Geochemistry and assessment of hydrogeochemical processes in
groundwater in the southern part of Bathinda district of Punjab, northwest India. Environmental Earth
Sciences, 64: 1823-1833. https://doi.org/10.1007/s12665-011-0989-9.

Yazdanpanahi, A., Akbari, M. and Behrangmanesh, M. (2018) Spatio-temporal Variable of groundwater
parameters Using Geo-statistical methods in Mashhad Plain. Extension and Development of Watershed
Management, 6(20): 25-34. [in Persian].


https://doi.org/10.22125/iwe.2021.133694
https://dor.org/120.1001.1.23833254.1394.2.4.5.8
https://doi.org/10.1007/s10040-019-02071-3
https://doi.org/10.22034/jest.2017.10329
https://doi.org/10.1007/s12665-011-0989-9

Yo e JLSUS (Sloj il 9 Faoj 5 O g Sl Ol il (gksdig

Yousefi Mobarhan, E and E. Karimi Sangchini. (2021) Continuous Rainfall-Runoff Modeling Using HMS-SMA
with Emphasis on the Different Calibration Scale. Journal of Chinese Soil and Water Conservation, 52(2):
112-119. https://doi.org/10.29417/JCSWC.202106_52(2).0005.

Yousefi Mobarhan, E. and Peyrowan, H. (2022) Investigating the Sustainability and Interactive Effects of
Physical-chemical Properties of Erosion-sensitive Marl and Rangeland Vegetation in Arid and Semiarid
Areas (Case Study: Shahrood Town). Geography and Environmental Sustainability, 12(1): 57-74.
https://doi.org/10.22126/ges.2022.7322.2499. [in Persian].

Zareei, A., Nekouei Esfahani, A., Norouzi, E., Kakapour, V. and Zareei, S. (2019) Identification of feeding and
drainage areas of Qorveh plain aquifer using geographic information system (GIS). Journal of
Environmental Geology, 13(48): 39-51. [in Persian].


https://doi.org/10.29417/JCSWC.202106_52(2).0005
https://doi.org/10.22126/ges.2022.7322.2499

