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Figure 1. Geographical location of the case study in Mazandaran province and Iran country
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Table 1. Severity classification of the SWI and GRI indices (Bhuiyan et al. (5), Mendicino et al. (20))
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Figure 2. Spatial distribution of groundwater droughts using GRI index in Sari-Neka plain

Yoo

Py

Fapes

Fevh

¥t Sy

Fosie

(27


http://dx.doi.org/10.29252/jwmr.9.17.269
https://dor.isc.ac/dor/20.1001.1.22516174.1397.9.17.18.0
https://jwmr.sanru.ac.ir/article-1-725-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2025-11-15 ]

[ DOR: 20.1001.1.22516174.1397.9.17.18.0]

[ DOI: 10.29252/jwmr.9.17.269 |

YYd

olo 3,0 > JLSis cppnad cwi o] Lol el
J a5 ABb e Sadg jgee 558 ol 4 bgye VWWYF
My JlSis pyuad bl o uxes dbj resd
YOSl abbie bl ses ol 4 bgsye VWAF ol
olo 3130 53 b JluSiis ST 45 €85 amd i lgies
@903])6)‘)&&10[@&%@@[&‘)&&1
> 4 Wl o 4By Sl i ol o ol
SigkiS bl Gl eips sl G by
P 13l & 5pliS Gmej e cuiS 5 ()L
P ads Gl g OV Al g oad pgwpe oluijle
AL ole ol 4o
Golw Cudd > (Giwojs O JLSld S a9
SWI as b 51 salisw! b 16 -

ool i ol Jusias ganaiy cloads
5 3y slaole > anle VWY Sloj wlie ;0 SWI Lasls
5 oslizel b AYAF 5 VWWAF AYVE OYSY cla Lo er
JS5) 05,5 ans ArcMapl10.3 jlsle 5 > IDW i,
¥

WAY bl g 5leg /Y 0yl /ot Jlo sl o) o pte aoliiimngs

P o Gl JlSis dalb v SE elal

olo (yodo 5 e NYAY o }Y‘V\“ oo pedy) slogylej
5 WYVYF olo ol jo) oS (L3 ol Hlade b onis onps (YYAY
5 uad JlSis ol (WP olo fpaps g 3y AYAY
WAY Jl pn Jslas jl adb ol Lgy oloy cusdS
] e ialS W) sl il oS ol adly 50158
o izt gy Adlie o (pl B s
9 Mib e aalllan 5)50 cidd Jlod slagize Cow 4 Jlo
4 by jed ol ded slad ohaile by 2y S
W el jd .l oad oS WAY Jlo & Cans 305
Oyl &S can) sxmd L oS edg jubw JlSis
s WAY sl Jls o &b o ol 0355 ¢l Hlao s
by Caol 00,8 Iy ilidl Jlslis d&».b ool Ay
b olgs oo &S Cuwl s cdl oy lgsal loj cusiS
b Gmeins sl gl jl ol a0 cdby


http://dx.doi.org/10.29252/jwmr.9.17.269
https://dor.isc.ac/dor/20.1001.1.22516174.1397.9.17.18.0
https://jwmr.sanru.ac.ir/article-1-725-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2025-11-15]

[ DOR: 20.1001.1.22516174.1397.9.17.18.0]

[ DOI: 10.29252/jwmr.9.17.269 ]

Yv&

Gl as s odlital b e o] JlSis Jloj o e Ol i sl

Fevtee Foke

Fofe

2

1YPF olo 310 50

——
» ' A W R

“ Ve A FAeen Voo Ve vr.

o Fasa Fhenn o e yre

Feheree

F¥Te

£

AYYF olo 312 0o

Py Fakwss

Foffaes

FVYon

(2T

FopFeen

e

PYeesn Fheeee P Vewsse Vivees

Foheer

WHF olo ot

IS5 — g5l b ;> SWI jadlis 5l odlisl b e o JaSiis SlKe gojer =Y S
Figure 3. Spatial distribution of groundwater droughts using SWI index in Sari-Neka plain

37 3
k 2
1 z &
= 5
3 3
4 % &
i H £
- i
z i
£ z 1
3 h 2
4 34
- L -
‘ = £
R * » ® L4 5 "
B e FAen A Y RARE o - Naern A F v ", [, o
oo A - e re s = e oot " Vo
N
: B |if : '
H AFAF olo 313 50 w<¢—w i 2 AYAF olo oyt
H
Z i =3
I loaly 7 §
? ® el 3 3
RGOSR
. [0 s s 3 p
# [ e Josas 2 2
- - -
[ [PSU BEIES
taad . s faad . s
] v A v R . i 1] » . " "
I3 < é
13 o A 5 . . = £ o s " Ve

(X1

Tt

PR Fehoee

Fpfans

Fofhens

afan Py PR

¥


http://dx.doi.org/10.29252/jwmr.9.17.269
https://dor.isc.ac/dor/20.1001.1.22516174.1397.9.17.18.0
https://jwmr.sanru.ac.ir/article-1-725-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2025-11-15 ]

[ DOR: 20.1001.1.22516174.1397.9.17.18.0]

[ DOI: 10.29252/jwmr.9.17.269 |

Yyvy

26 laoly (B)1aS 4 dog b bl (65)9liS s
cos cdd cpl (659l Bilae lp Ol Sley g Sl
oin) O e padlbcuwl ad)S 5 Jlsias b
dbie uejpj ol gaw Cundy e e 4 (GRI)
o3l i Jlw o aldye slrole o 1) b JlusSis oy i
O pdaws WAY BAYEY Jlo 5l aslis cpl olel ol
Oy WWAY 0ldye j3 a8 Wbl o cdl b 0 dwejp;
0y9d ;0 ad o Lis Cudd | mewy (g0yuS 2 1) Hlade
L5 5 LD Hlaw JlSis AP UYWAY b V-
eing & g g oxmdlE 5 WS e Ly ptalS
0yhw o LialS (SWI) 3 usbkiwl O pdaw a3 ls .0ib 0
Ok Car g 23S (e ol it Dygas |y 0335
sor P Sweiny @l sbeie ghe bl
2 S )l olital )00 Sjolgyan (sla Jlusiis
0593 93 &y |y dlw ¥V (g)lol 0y90 Jlgice sl cpl bl
b 3l el Ay 45 IYYF BT Jlo Ve Jlsas
ol 35 i o o < il 5 JLSS o
£33 093 Caawl ALBID |y s oy iy WWFF Jlo ol y0 oS
0y s Copndg D9t b 45 Casl WA B VYV L
ol 03 olyen adlhe 390 By wejp; ol
SWI 4 GRI 23l 93 o bl p JlsSis ganag,
&S 03 cudd (Jlows sblio 5| JUSis £g50 odimd L
13 yp o Sgm5 s 5 aztly 8 olajle (sl yslome >
olo o3 0 ;0 GRI [aslis (5 Jas opl &S .05 0 Cusd |
Lol odly 25 WWEY olbje 0 SWI a3ls (o 5 VWAY
ol hytelip 9 mone bpope g cwle Cupde
S S5l n (slaoyed g Lol 3 0y cpl £585 5l lsiee
6 = o)l b g ol olosul 4 bys e Ol 395 20,8
3y90 Cubd 3 (weip <l CuS w5 g b cege

A aales (6,500 e Gy @il Sl g dalllas

WAY Gl 5 5l 1Y o)loss /a5 Sl jieil 059>y doliingy

Slib ) JuSis b SWI Lasls ool
5 Cuwl 0 &) WY Jlo olo aldye ;0 Wb 5 i jlows
2 JSis Jlade sl 039 Sl olad olo pogy 50 (pusne
oxiSTy gy VWA B VYSE (clo L 5 ciliseo (glmols
ol sl U gy pald cpl e 5 398 ok
Gl WWYFE 5 WEY sl o 0 a)lu Jesuie
“B)S g |y s jl ook aw (Jg 0 jS Jlusias
dg>g0 (slaols L;o[o.’i 3l canlio C,uis].))g o.\l.m)ol.d.j &S col
ity &S oMo LSS i WWAF Lo 5 ol 038y
Iy ogs (glo g o yiaS il WYYF Jlo o 1) aigy o pd
L5 2 sl g Cuwl 0oy JluSis o ddb &
boeadsd 55 WAF Jlo o ol osd gwejp) ol aaw
dxlge WWAF Jlo & Consd (gytdi (aojp ol S5 cdl
Olgiee )y JSis 0yg0 90V IS5 4 dogi by .l 039
A > IS —le byl S5 3500 slel 0)93 5
5039 WHF o Lim colol Al Jlo o ol 093 )5
Osn b ogbye aib 4 bgpe gaw & IWAY L
Gl 04 1S 1B 090 4y Cond (JluSlis
Gad S5 e ORI asls mls olul
29 WAF o WA ol 5 iy & |, JluSis
oud LSS it SWI (asls o awily olo o y0ub
P9 WA o WAY e iy a ] Jlslis
O JuSis (Sl anily olo cutgud)l 9 90005
5 Ol Jad  GRI (sloyasls jl oolisul b (e
Graie Sl g bl Jgab 5 SWI Lasls ) eslizl |
b 3 anies A JuSis Sy e S s o
limej slagt)l (Rl > @ gl ) Sl 5 il
e Jpad > (weinj &l @le 5l el Sl oyl g
Sl Jusiis jop o el (n e ol Gl
Jodds Copia g Jpol pe g)bpose Jold (o)
P oepad g dlize glagise » Gejn) ol gle

&l

Adhikary, S., K. Das, S.K. Saha and T. Chaki. 2013. Groundwater Drought Assessment for Barind Irrigation
Project in Northwestern Bangladesh. 20" International Congress on Modeling and Simulation. Adelaide,
Awustralia, 1-6 December. www.mssanz.org.au/modsim.

Ahmadi Akhoorme, M., A. Nohegar, M. Soleimani Motlagh and M. Taie Semiromi. 2015. Groundwater Drought
Investigatinr); using SWI and GRI Indices (Case Study: Marvdasht Kharameh Aquifer). Journal of Irrigation and

Alizadeh, A. 2015. Principles of Applied Hydrology. 40" Reprint, 7" Edition, Astan Quds Razavi Publication,
Bhuiyan, C. 2004. Various drought indices for monitoring drought condition in Aravalli terrain of India, In:
Proceedings of the XXth ISPRS Conference, Int. Soc, Photogram, Remote Sens. Istanbul, 1-6. ) )

Bhuiyan, C., R.P. Singh and F.N. Kogan. 2006. Monitoring drought dynamics in the Aravalli region (India) using
different indices based on ground and remote sensing data. International Journal of Applied Earth Observation
Bordi, I. and A. Sutera. 2004. Drought variability andits climatic implications. Global and PlanetaryChange, 40(1,

Chamanpira, Gh. Gh. Zehtabian, H. Ahmadi, and A. Malekian. 2014. Effect of drought on groundwater resources
in order to optimize utilization management, case study: Plain Alashtar. Watershed Engineering and management,

0i, M., J.M. Jacobs, M.C. Anderson, D.D. and Bosch. 2013. Evaluation of drought indices via remotely sensed

Dracup, J.A., K.S. Lee and E.G. Paulson. 1980. on the definition of drought. Water Resources Research, 16(2):

2.
Water, 6(22): 105-118 (In Persian).
3.
941 pp (In Persian).
4.
5.
and Geoinformation, 8: 289-302.
6.
2): 115-127.
7.
6%1): 10-20 (In Persian).
8. C \ 0 (
data with hydrological variables. Journal of Hydrology, 476: 265-273.
9.
297-302.
10

. Ezzine, H., A. Bouziane and D. Quasar. 2014. Seasonal comparisons of meteorological and agricultural drought

indexes in morocco using open short time series data. Journal of Applied Earth Observation and Geoinformation,
26: 36-48.

. Han, J.Ch., Y. Huang, Zh. Li, Ch. Zhao, G. Cheng and P. Huang. 2016. Groundwater level prediction using a


http://dx.doi.org/10.29252/jwmr.9.17.269
https://dor.isc.ac/dor/20.1001.1.22516174.1397.9.17.18.0
https://jwmr.sanru.ac.ir/article-1-725-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2025-11-15 ]

[ DOR: 20.1001.1.22516174.1397.9.17.18.0]

[ DOI: 10.29252/jwmr.9.17.269 |

YYA

12.

13.

14.

15.

16.

17.
18.
19.
20.

21.
22.
23.
24.
25.
26.
27.
28.
29.

30.

lopasls jloslizul b (o) 5 sloc] JusSits Gloj g SlSe s Sl

SOM-aided stepwise cluster inference model. Journal of Environmental Management, 182: 308-321.

Hua, Sh., J. Liang, G. Zeng, M. Xu, Ch. Zhang, Y. Yuan, X. Li, P. Li, J. Liu and L. Huang. 2015. How to manage
future groundwater resource of China under climate change and urbanization: An optimal stage investment design
from modern portfolio theory. Water Research, 85: 31-37.

Jha, M.K., A. Chowdhury, V.M. Chowdary and S. Peiffer. 2006. Groundwater management and development by
integrated remote sensing and geographic information systems: prospects and constraints. Water Resource
Management, 21(2): 427-467.

Karimi, M., K. Shahedi, Kh. Khosravi and T. Edrisi. 2016. Evalution of interpolation methods to zoning drought
in the plains Sari-Neka. Journal of Natural Environmental Hazards, 5(7): 11-25 (In Persian).

Karimirad, 1., K. Ebrahimi and Sh. Araghinejad. 2015. Investigation of climate variability impacts on multilayer
acLuifers (Case study: Gorgan plain). Journal of Water and Irrigation Management, 5(2): 261-275 (In Persian).
Khosravi, H., E. Hydari, Gh. Zehtabian and J. Bazrafshan. 2016. Analysis of spatial and temporal trends of
groundwater index (GRI) (Case study: Yazd-Ardakan plain). Iranian Journal of Range and Desert Research,
22(4): 711-720 (In Persian).

Lijzen, J.P., P. Otte and M. Van Dreumel. 2014. Towards sustainable management of groundwater: policy
developments in The Netherlands. Sci. Total Environ, 485-486, 804-809.

Malekinejad, H. and M. Soleimani Motlagh. 2012. Assessing the severity of climatic and hydrologic droughts in
Chaghalvandi basin. Iranian Water Research Journal, 5(9): 61-72 (In Persian).

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.

Mohammadi, M., H. Moradi and M. Vafakhah. 2008. Determination of Groundwater Drought in Arak Plain using
SWI Index and GIS Approach.Third International Conference on Water Resources Management, Tabriz, Iranian
Water Resources Association. Tabriz University.

Nico, W., AJ. Van Lanen and A.F. Loon. 2010. Indicators for drought characterization on a globalscale,
Wageningen, Netherlands. Water and Global Change, 24: 80-93.

Nourani, V. and Sh. Mousavi. 2016. Spatiotemporal groundwater level modeling using hybridartificial
intelligence-meshless method. Journal of Hydrology, 536: 10-25.

Peters, E., G. Bier, H.AJ. Van Lanen and P.J.J.F. Torfs. 2006. Drought Propagation and Spatial Distribution of
Drought in a Groundwater Catchment. Hydrology Journal, 321(1—4%: 257-275.

Recep, C. 2015. Temporal Changes in the Groundwater Level in the Upper Tigris Basin, Turkey, Determined by
a GIS Technique. Journal of African Earth Sciences, 107: 134-143.

Samadi, R., J. Behmanesh and H. Rezaei. 2015. Investigation of groundwater level changes trend (Case study:
Urmia plain). J. of Water and Soil Conservation, 22(4): 67-84 (In Persian).

Shafiei, M., M. Raeini-Sarjaz, R. Fazoula. 2014. Drought Monitoring of Arjan-Parishan Plain (Study Area of
Parishan Lake of Fars Province). Journal of Watershed Management Research, 539): 46-63 (In Persian?{

Sun, R., M. Jin, M. Giordano and K.G. Villholth. 2009. Urban and rural groundwater use in Zhengzhou, China:
challen%es iné'oint management. Hydrogeol. J. 17(6): 1495-1506.

Villholth, K.G., C. Tottrup, M. Stendel and A. Mahergl. 2013. Integrated mapping ofgiroundwater drought risk in
the Southern African Development Community (SADC) region, Hydrogeology Journal, 21(4): 863-885.

Wilhite, D.A. and M.H. Glantz. 1985. Understanding the drought phenomenon: the role of definitions, Water
International, 10(3): 111-120.

Willeke, G., J. Hosking and N. Guttman. 1994. The National Drought Atlas, Institutefor Water Resources Report
94-NDS-4, U.S. Army Corps of Engineers, 587 pp.


http://journals.sku.ac.ir/page/article-frame.html?langId=en&articleId=30528
http://journals.sku.ac.ir/page/article-frame.html?langId=en&articleId=30528
http://dx.doi.org/10.29252/jwmr.9.17.269
https://dor.isc.ac/dor/20.1001.1.22516174.1397.9.17.18.0
https://jwmr.sanru.ac.ir/article-1-725-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2025-11-15]

[ DOR: 20.1001.1.22516174.1397.9.17.18.0]

[ DOI: 10.29252/jwmr.9.17.269 ]

Journal of Watershed Management Research, Val. 9, N0.17, Spring and SUMMEr 2018 ..........coiiniiiiniteiniiiieeiie e eeiieee e 279

Monitoring of Temporal and Spatial Variation of Groundwater Drought using
GRI and SWI Indices (Case Study: Sari-Neka Plain)

Sayed Hussein Roshun' and Mahmoud Habibnejad Roshan?

1- Young Researchers and Elite Club, Yasooj Branch, Islamic Azad University, Yasooj, Iran
(Corrg)ondlng Author: h.roshun@stu.sanru.ac.ir)
2- Professor, Range and Watershed Group, Sari Agricultural Sciences and Natural Resources University
Received: November 25, 2016 Accepted: November 29, 2017

Abstract

Decrease of aguifer recharge, Increased pumping through deep wells for agricultural
purposes, increases in temperature and evapotranspiration, climate change and change the type
of precipitation induced reduce of water level and water table which is called Groundwater
Drought. Identifying, monitoring and characterization of drought is very important for water
resources planning. The object of this study is investigating temporal and spatia variations of
groundwater drought using Groundwater Resource Index (GRI) and Standardized Water Level
Index (SWI) in the plain area of Sari-Neka. For this purpose, groundwater data of 40
piezometric well from 1364 to 1394 were analyzed. Thus, GRI and SWI indices for time scales
of 3, 6,9, 12, 18, 24 and 48 months in Minitab and M.S Excel was calculated. Spatial extent of
ggoundwater drought in the plain using IDW in ArcMap 10.3 was obtained. The results show
that the severest drought in 3-month time scale using GRI index in Shahrivar 1394 in the
amount of -93.3 and SWI index in Mehr 1394, with value of 86.4 occurred. Drought spatial
changes in northern parts of the plain are related to Mordad 1384. Zoning maps indicated that
Mordad highest amount of drought and Bahman has lowest value; the most important for thisis
pumping water from groundwater aquifers for agriculture.

Keywords: Sari-Neka Plain, Groundwater Drought, IDW Method, GRI Index, SWI Index
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