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ARTICLE INFO ABSTRACT
Article type: This research aims to investigate the effect of flood spreading on the quantity and
Research Paper quality of groundwater in the Tokahour-Hashtbandi plain. For this purpose, first, SPI

was calculated in time scales of 1 to 48 months for the existing rain gauge station in
the region. The GRI index was calculated using the groundwater level data in the
next step. Then, three wells with conventional names Al to A3 were selected to
evaluate quantitative changes. Five wells B1 to B5 were also selected for qualitative
evaluation as they had the closest position to the flood spreading area. Then, using
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EXTENDED ABSTRACT

Introduction: Various plans have been made to strengthen these reserves due to the increase in population and
the lack of rainfall in arid and semi-arid areas and considering the importance of groundwater sources. One of the
mentioned plans is the creation and construction of flood-spreading projects. It is necessary to check the
performance of these projects and it makes the next similar projects to be done more accurately and correctly.
This research aims to investigate the effect of flood spreading on changes in the quantity and quality of
groundwater in the Toukahour - Hashtbandi plain.

Methodology: For this purpose, first, SP1 was calculated using time scales of 12, 18, 24, 30, 36, 42, and 48 months
at Cheraghabad Jaghin station. In the next step, three wells with conventional names Al to A3 were selected to
evaluate quantitative changes. Five wells with conventional names B1 to B5 were selected for qualitative
evaluation as they had the closest position to the flood-spreading area. In the next step, the GRI index was
calculated. Then, using Petit's test, the time of flood spreading effect on quantitative and qualitative resources was
determined. Then, by dividing the statistical period into two parts, the time before the impact of flood spreading
and after the impact of flood spreading, using linear analysis, the slope of changes in GRI, EC, and SAR index
for both times was done for the selected wells. In the next step, the effect of flood spreading on the sensitivity of
groundwater resources to drought was evaluated using correlation analysis and linear analysis.

Results and Discussion: The results showed that the time of flood spreading affects the quantity of three wells
Al, A2, and A3 in 2009, 2009, and 2012 respectively. Also, it was not possible to determine the time of flood
spreading effect for the EC values of well B4 and for SAR values in wells B2 to B5 due to the non-significance
of the Pettit test. For this reason, these wells were excluded from the analysis. The time of flood spreading effect
on EC values of wells B1, B2, B3, and B5 was determined in 2007, 2009, 2013, and 2009 respectively, and on
SAR values of well B1 in 2010. The results of the evaluation of the effect of flood spreading on the quantity of
groundwater show the improvement of all three selected wells due to the effect of flood spreading. Besides, the
spread of flood effect on water EC changes indicates a decrease in the slope of EC changes due to flood spread.
However, flood spreading has not had much effect on SAR. The results of the evaluation of the effect of flood
spreading on the sensitivity of groundwater quantity to drought showed that flood spreading has reduced the
sensitivity of GRI and EC index to drought in selected wells, but it has not been able to reduce the sensitivity of
SAR to drought.

Conclusion: It can be concluded that flood spreading has caused a slight improvement in water resources. In other
words, the spread of floods, although with a time delay, affects the groundwater level in the downstream areas.
This effect has different intensities according to the distance of the flood spreading area and environmental
characteristics, including soil characteristics, etc. Also, flood spreading has reduced the salinity trend in water
sources and reduced the intensity of changes after the start of the flood spreading effect. Another benefit of flood
spreading is reducing the sensitivity of water resources to drought. This point is very important in the management
of water resources. However, the effect of flooding on each quality indicator of water resources is different.

" Corresponding author: Ommolbanin Bazrafshan

Address: Faculty of Agriultural and Natural Resources, University of Hormozgan, Bandar Abbas, Iran.
Tel: +987633711049

Email: o.bazrafshan@hormozgan.ac.ir


mailto:ferialabshiri@gmail.com
mailto:o.bazrafshan@hormozgan.ac.ir
mailto:mbiniaz@hormozgan.ac.ir
https://orcid.org/0009-0004-7584-8150
https://orcid.org/0000-0003-2524-3992
https://orcid.org/0000-0001-5526-0422
https://dor.isc.ac/dor/20.1001.1.24235970.1403.12.3.3.0
http://jircsa.ir/article-1-545-en.html

[ Downloaded from jircsair on 2026-01-30 ]

[ DOR: 20.1001.1.24235970.1403.12.3.3.0]

urnal of'Rainwater;Catchment Systems

Ethical Considerations

Data availability statement: The datasets are available upon a reasonable request to the corresponding author.
Funding: No fund was received.

Authors’ contribution: F.A.: Data collection, Methodology, and data analysis; O.B.: Data analysis; M.B.: Data analysis.
Conflicts of interest: The authors declare no competing interests.


https://dor.isc.ac/dor/20.1001.1.24235970.1403.12.3.3.0
http://jircsa.ir/article-1-545-en.html

[ Downloaded from jircsa.ir on 2026-01-30 ]

[ DOR: 20.1001.1.24235970.1403.12.3.3.0]

— AR YRS Ceudd )3 (a0 1§ O e 9 ConoS Ol 3 OV (S8 1 (o 2
olnl oge

Ol s @ i1y omdlel B g il JU 58

Ferialabshiri@gmail.com ¢l _wle y1t 5 30, oKl ¢ aaudbs alio g (65yoliiS” 01Kl ¢ aaulo olio  swtigeo 09,5 bl ki )S aibgal iy )
0.hazrafshan@hormozgan.ac.ir <! «_whe )8 <5 302 oKl ¢ aub mbio g (5;5liS 0 Suld ¢ amb mbio awligo 09,5 il .Y
mbiniaz@hormozgan.ac.ir )yl ¢ whe ;3 5 50y olSKuiild ¢ aubs mlio 9 (5559liS 0aSED ¢ oo @olio swidigs 095 )bkl ¥

LXVCCY Ao Slaswin

RS F Cudd (a5 O CudS g CaneS Sl O 50 31 gy gy ol Pl | B :llie £o5
dpg0 (Sl )l 0wl (glys anle YA LY Jloj (sla wlide 13 SPI Ll jobaie ool 4y .l (sdibcuinn TS
b ols dus g o5 dlime Ol 515 00l 5l odliel b GRI yadlis sw dls po 3 g duuslie ddlaio 5
o« &S b)) ’d‘)% B5 U BL ol a9 (o8 Syt (obj)) pokaieds A3 AL (ob)]8 (slapl Alis ooy U
Oboj s (y90] ookl b g b bl iy O iz 039000 s |y CusBge oy 55
B ooy i 99 4 (5)lel 009 il b (ot b el (S g (o @ille OO iy 55U
0 Sy o (o 9w Sy Wbl o3litl b Mo (50 U a5 M (i 530 ]
o o3lizal b e dlsye 3 05 plol sl cslaols (gl lej 53y sl SAR 5 EC (GRI
B i) 2)90 JuuSitd a4 gwoj i O lie Cmslus p O 150 1 ad il 5 Sitaen
AYM (el Jlo s s A3 g A2 AL ol dus 5 32 oMo i 3 o &8 3l s g5 6,5

VY Cudgd)l - Y 2&5[?‘)3

VYol s oY 16,5050
VoY o YY1 dy
VY LY ks o L]

EC polio p oM 350 1l o) Cpinpd Comss 3 gxe gyl Jlai 5l a8 canl VFAY 5 AYAA
BL ols SAR ,yslio 5 5 WM 5 \WAY OYAA VAP el Lo (i yidy BS 5 B3 B2 B1 (clacls
(st el oy 39100 5| S o 05 ol e Vs Sy 1 )] gl D e WWAR Lo
2 s i 51 o)) el sl 42315 SAR L i 53 Lol o) EC &ty s il
0l Camlus ialS el O iso a5 ol ol JLSis 4 uejp; ol CueS Comlus
4 SAR Culus il el auilsts bl il ond 5l claols 3 JLSiis 4 EC 4 GRI
O a5 S s ol Sl Slilos 905 il ais ol gults Colyp o 298 JuSits
D9 g Mol ailie gble plos )3 b hgy cul W9y asldl g3l (e ;8T e

Cubd > iy ol CadS g a8 Sl g M G5y Sl o (VF0F) csiee e g comlel (lihds (Jb b el 3L
MY (WY bl oS sl (clodibols ) p) Coin —cancuin— 05§

HIANL] SWojle
DR ety oge 5] daein o

Jsis oM

DOR: 20.1001.1.24235970.1403.12.3.3.0

Ol bl 3 o gt als el 1)l

by odlel 1) ghuane DXimu g5 *

Ol eoplis s 5 3oy oSl (e e 5 (gygliS 0asiily 1 L
+ AAVEYYYIY - ¥ 2 pali

0.bazrafshan@hormozgan.ac.ir : g w51 Couny


https://orcid.org/000-0002-2642-2587
https://orcid.org/0000-0003-2524-3992
https://orcid.org/0000-0023-2542-4578
https://dor.isc.ac/dor/20.1001.1.24235970.1403.12.3.3.0
http://jircsa.ir/article-1-545-en.html

[ Downloaded from jircsair on 2026-01-30 ]

[ DOR: 20.1001.1.24235970.1403.12.3.3.0]

0 e 05325 21 CadS 9 Cara Ol 1 OWowr (59 51 (o 2

dodde
St el (el o Bblie e oS Gl sl (65905 (0l Ik 2 @lhe & e sl I Ol 4 il L5 4 g5 Loyl
e Copde pas g ol glio ) gl 00 GRIB! Jidaas 3] Jlo a3 &8 o Dl 4 ol 08 alox Il St
ool 9 el Soy g JuuSts 2925 4 4255 b 0jgel (V- (o)l g (ludte) Cosl dlse Ol oy s b 9250 o i
Comnl (6550 ooy 2 Gt Sl @ik e B9y criiels 9 e Olis bl g ol ©gps 5988 5
3985 5 a5 edilens ysbody Blgi oo szl (slaojes ) (bl g byl slacld (Vo wlo g i) 3k
0333 sy 2,8 50 5 powye (5 )8Rl M iy (VY (o Sam 5 lidte) 28l adly (185 SB- 4 G 5 Jols O 1 s
iso Jlassil 1 oyle O it i1 g o8 g 0 Lgme ()1 lgsel 5 gyl )3 daw (sla] Jlasl § (jle
el s Cor My (2w Cely; ol opglaionis dolie (lp pasuie ladoye ) O (35 S yeie 5 (Haw Clly,
(e g oo pu) sl alssel (o Ol glie (siae 435 g absle 1y @l lol SB ol s lalae
s 3 G (25 (WY (hlen 5 lans) djoo Jlo Jli iz 4 badg) jolme (slagme) 2 ©Mow (i dipdiy (VYD
5 290 BES) & @l 1) ejns ol (slaoyius g Abl anily S b 4 (g5t 38 Cuo b Jow ol 2gdi00 el
Slors dnlge  oliws] paw <3l b o)l (clacuss el guejpmj ol @lio jl gy o cusldy 4 dngi b pdl Wl ;3 (Voo (o), Kan
LOla 5 (22)5) ool ey Sl slaoshs Cushl 5 o) 0900 4 2 358 el eslio )80l (e sian @ g M iy
5ol e o S g 29300 (Bl 9 55,9l Sl IRl g ool G5 S Jl xsSsle el ol plsl cal pogMle VYAV
(WWer phlSen g (293 (JES) 25 o

Tl o8 0392 o) )3 qmn8 Tans 5 pgusyo sloistgy 31 (o onies ol sloo s 1385 jslaints O it 5 (o2 ghmn 4135
P M iy el (WAY (lSen 5 (coluns) Conl 48,5 355 & (g p B9y Bl (SGpSS @ (it g ole oy L
) i ooy Ol o 3] clo JLSis o Ol wlio o3Il 51 Gty ()bt ol b1 ool & ke olal 98
2 bzl slag)b el cul Gy Siddag oSS 3ble i o ol wlo (6088 ) cal il ol 03 il S
i aibie slagyb U 53 0 sl 5 Casl (55950 i ol 3)8as )yt sy 55 & (63900 Sl SB 5 O cllis
(V) e 5 () 59 plnl Sros 5 555

alos ol o plosl laa g oyl aw p il sBW I Ol plie p OMw yisu @il )90 55 o3k Sllllas STk
iy a8 ol G5 (pei Sl (sgman 4385 )3 (5008 by o s iy b B 2yl 3 (WWAF) o Kan g Slilaae
Slosnlite ol 3505 T 45 (6 shody AL i ial 31 Ayl (sl s S Lo 31 ns oy 5 gBly (clodnliio (loely ;5 ixoj s ol
O iy 6 gy 4 (WWAY) 15 Sl 5 oS amd 0 L5 |y i VYT g0 g bl GRali8l isy 4o e 53 dly
55l S i IS )y M iy e BT L 3o gl Azl g I tage oMb ol dilate ol 1 luose
oy 40555 ol & Gl 42155 035 M 115y 6 gy )3 (VYRA) y\Sa g greals 3,03 0l (s | (i (sl
WU oy 4 i ) (W) &5 gl g &gk ol odd (oSl colan g dnpl jbline jials el O iso o
3590 33 035 Sy (gt gl Ay s B3 (a5 o @l (A5 9 (oS Sl Gladlidl 08 5l (03955 Sl
Mo slabys 3959 45T Wb asuie pined ol 4Bl Lil581 te YV OMw 5l dn Ol gdaw 3l ol cusd dslg 31,5 g 0
s iy il 36 (V1) Son 5 ol canl 03955 sholine colal a5 5 PH Jlsie LialS Lol o1 EC ylolino jials o
5 Lo oluss J1alS 1y gy b sl 4 wm oo (L5 gl quls A1y 33 ke Ml LSy Cusdionly s (a5
A Slrtind g oritane (5 S0l 41 (odimg3y 53 (VF4Y) (S 5 55Ty -l il o 3b Camnpply s sl Gl
A0 ko b do d AF=YE s 0088 G &S Db Llis ol wad oy &GL,S OMw Gisw 0 lezul 4dss 75 5 O 500
e Job 3 9 yra Bl 00 ) Gl (2l eld)I L) S o sl 203 VO (1Ske b o3 PV =AY 5 0By JS (20
ol ol ()18 Sl el 3 e ol Sy DM iy Sl gz 0 (VF4Y) oen 5 el el (el VY
ol 423l O s e gl g EC LidlS camo ol

o ol wlie Copde clp wejp; ool eguas 435 by, 5l edlatul b (Y1) o) Ken g Zheng « ol adaw 5
B 5 b aglssal e ghae 415 L olyen O s iy 8b Siddes 5 Sis gblis )3 o8 il b o 558 LS
S 1oly 3,155 (Y+)0) Mohan g Abraham  iagh (b .ol Sid (cla iy 13 Ol 0,3 (el a5 oy yite o)) (ol zdlio


https://dor.isc.ac/dor/20.1001.1.24235970.1403.12.3.3.0
http://jircsa.ir/article-1-545-en.html

[ Downloaded from jircsa.ir on 2026-01-30 ]

[ DOR: 20.1001.1.24235970.1403.12.3.3.0]

(VB Y als ¥ o)led) oylyb ] b saslobw T

4385 Juiliy 2i3)) )3 (V13) oylSe 9 MASOUD sl 0 a2 595" )3 (i) ol s 50l 99 Shaliél csly (o giume 4,35
VAP glolo wad (o)l B 5l an 4 wlazdls JBl e 50 ) Csin 50 ol Gblie 3 (ej) o] sgas
2 (Soman 435 Bl cilwaws ) (Y-YY) Ghazi o Hassan .cul bl il 8l e /YO 5l i bowgie jobas duejpj o alaw
b anlgs (650l ol e yiaghS AY dmwg caw lgiol wds g sl Glles wdls (555 Glee 50 amll lgso]
Sgian 435 Wl ()1 3 Sale Cubd (ej) ol CuaS g CudS p (Ssias 435 Sl Ly 3 (VYT o)Sen 5 Rajacia
ool o Slalgus g s | agr BB EalS o
Sl )5 ] e 3l Caise liee ysl 9 3,8as i) pslateds gl g Sk cal2l e3an 2 0 K g

@ oy y9] Candts o 1y ailele sbey g k8, Sholid a5 ¢ )gbas ol SleMbl dtwgn 135l Cands b Slles pbxl |
IS5l 5 bl el o LS 53 3,5 dale (63l oadpess Gl Jl gy Cuwliw 5 s pS s 3 |y Glie cBan ()
(OlSen g gyl ) 391 walgd Al g e sl adsl Slaal oll 059 n o Sl Culbge pas b g Cuibge lulid
Sl Ol s des 5l 65)liS OVY game 3dg5 30 B30, il 08 clacsy ales jl slbcuia— 50 Ss cuby (VF)
ol 10 OV pabane) el 428l Lial331 s o 51 s (65glS” (obly) S 15 g ¢S5 458 dmd o b gl
b gl S ool Laaogs VYAY Jlo 5 &5 ol i b byb 51 el o o oS g S alin Mo b5 bl s doogs
il sl 55 65,9t )l angs Ol LIS Ll asles i ) el €l 35 1o Cailys ey )0 00 4 50y i
Olojor Sl (yp & gladlllas (98B ks Gy (999000 1y Gyl ol CadeS 5 CuaS Sl W5 0 Spgym 3 )b ) o
Slyds 2 Mo S5 51 b5l Gimgly cnl J) B 11l o0 sl bl 4zl gl ol CudeS g a8y M iy
ol (gt HRSF Cubd > (anipj Ol CuiS g CueS

GaioT (g 9 dlge

O 09y 9 Sl slaglis 4 Jo s 53 5 50y ] 553 (5305kS W+ dbo b )3 gty Celinm HaS b > sl 05
o 4883 VY g4 d YV U 4z AY g a0 V5 olélys slo joye o (5 4dB> ¥ g a0 OV U adds VY g a2 AV slo Jobo
Sl ly o &30 yi0glS OFF dgdn 1> aS 039y @ po yioghS Y IV L plyy gaici 2= jorSe b 3 Colu o (N S5 ) Caw T odds #8lg
Aimd o LStz by (2l ly o] e g SlwnsS

57°10'0°E 57°20'0"E §7°30'0"E 57°40'0°E
z z
y: 5 &
o - ©
] ]
~ ~
& &

o

b, z z
3 5 &
/ t 2 2
’ &
] { &

B ot 5 ol :
57°10'0"E 57°20'0"E 57°30'0"E 57°40'0°E

E Cwid— 1S o7 Cudd Ll i Cordge anidi —) JSWG
Figure 1- Geographical location map of Tokhor - Hashtbandi Plain

2393t (pl 3 0B St (Bl 0y Canrg ¢(5)13 20 500 Sol> Cusdga g (Bl Cligusy Camidg dilain (pwlidipej ulyd 4 425 b
059 4y (Byd Jlod jl 93,51y (gloogS & (Byd g g 355 5l 9 kS ppesl 065 Jlad Sl > ol sl oye yiogkS VAT L il
3935 3940 g0 3940 15 )3 055 4y 38 o 9 0y 3l g (G D9 550l 0 4 g 1 g 3,5y slmogS gl gie AlSg) fuol
sl claduasuiin 5 ol gl (55,508 i > calleb oly  llate ol (ool plls o IS a S5 D gl > 48 YDe <+
o) 295 g0 (55918 Slocdled o e ol 0k jlorbidly Ol w003 AV 291 & ()gots s |y by,


https://dor.isc.ac/dor/20.1001.1.24235970.1403.12.3.3.0
http://jircsa.ir/article-1-545-en.html

[ Downloaded from jircsa.ir on 2026-01-30 ]

[ DOR: 20.1001.1.24235970.1403.12.3.3.0]

\4 03325 1 CaeS g CapoS Ol 1 Mo iy 5T (o 52

@ Jlad o Colin jolaied |y juimd O (iSy s (5 3o il 53550 5 (b @l o0l WAF Lo 53 .(YYAA
) du (b b ol )3 (65)gliS (SNl 5 pgliS o ()15 o (Y JS) 2905 i dilaie o) (glme yhes 435 g (o))
u.w] oG ).31).3 dw 4;.-3.&?

57°30'0"E

27°10'0"N
27°10'0'N

57°30'0"E
23lw] 3590 (owlindlgd 8] § OV (it 839000 ot Wil paa CurBgo duidi —Y JSUS
Figure 2— The geographic location of the flood spreading project and the used meteorological station

GBS b,

o5 9 (A Sy (gm0l glasly ST Y

ooty o o QB sl (o5 O CehS s CnS Sty O i3 S (g 45 o ) ol Ban g L
Byl 5l g Al ansly CMuw yisy edgaoe U1y alols oy 55 mbio opl &S cily dogy b oS 5 (oS Slalllas cps ]
B AL lasl pb L) Of cueS @ladllas g ol du jlro 93 cpl 4 angi b1V aisl y9d oSl do b )05 xdaw (slayb o 51,503
an3 e b |y el slaoly gl Cundge (1) US5 08 bl (B5 b BT jlaxs] pb L) O LS cllllas g ol gty 5 (A3

57°27'0"E  57°28'0"E  57°29'0"E  57°30'0"E  57°31'0"E  57°32'0"E 57°27'0°E  57°28'0"E  57°29'0"E  S57°30'0"E  S7°31'0"E  57°32'0"E

27°12'0"N  27°13'0"N

27°11'0"N

z
£

o
(=}
b=
S

~
o~

27°9'0"N
|

57°27'0"E  57°28'0"E 57°2§'0"E 57°30'0"E  57°31'0"E  57°32'0"E 57°27'0"E  57°28'0"E  57°29'0"E  57°30'0"E  57°31'0"E  57°32'0"E
axlllao 390 ddlaio 1> (Jwe ) of &l (uo Ceoww) CudS g (&wl) Coww ) CasoS G503l oK) Cundgo -V JSUS
Figure 4— Location of selected qualitative (right) and quantitative (left) groundwater resources in the study area


https://dor.isc.ac/dor/20.1001.1.24235970.1403.12.3.3.0
http://jircsa.ir/article-1-545-en.html

[ Downloaded from jircsair on 2026-01-30 ]

[ DOR: 20.1001.1.24235970.1403.12.3.3.0]

(VY AV als F o)led) b Sl ok sdilolw A

SPI Ladli dwlwe Y

Mckee et al.,) 5315 axwgs 1y SPI oass uslil (3 (asli pb 4 (gpts JlocSis asls gl IS oSty s VAT JLo ,
a4 g3te bjyl ol (jasls () Gus cal U3l slaosls oo 53 (98 asls S SPI ssdalibil byl jasls (1993
olie 5 (pSle (S,b e 1 Lt G5k 5 (S o SPI il 13905 dulis |y ciglie MalS wu8l L iblio lgias b canl i)l
2V oV aal, 5leolil b wlale )L ,olie (Edwards & McKee, 1997) cul nSke jlide 5l 508 (Sw,b Slis ke SPI
Oygo Jloy @igh 4 L @95 (oS Jlainl o JSb 1085 s 9 Al L @jg5 (mos Jloinl g 0 o3l> (51 L @295
Y] ool Jloinl o zolaw 53 (3)k jlke 1o 4 bgyye ¥ alasl) SPIL o jlasbial Jloyi Z jeite (oles a0 )3 93,5 o2
D90 gl Jloy (sre2d

g(x) =m_xa—1 e—X/B (\)
.)9»)‘59 Mbu »2) AL»‘) )I 9 009 L& @L» I(a) 9 )I.\.O.c X L)»L\.o.a ).ml)l) ﬂg Jg,w ).ml)l)a
r@= [ ytevay ")
0
P, — P
SPI,, = l';Tkk (v)

uuL.QA ).))l:.:x.o d])ml :SDk 9 PI k d;L.QA » u.g.) ]a.‘»}m )L\.E.a :Fk ‘(d..mLo YALA & ‘Y‘) rn‘ K uuL.o.o 9 rn‘ iolo Jel ul)b )‘Jia :Pi,k
Ap3 e b5 |y SPI el (V) Jsas (McKee et al., 1993) ol K

SPI (wlw! o (JlSiis gawaidb - Jgas
Table 1- Classification of drought based on the SPI

SPI diels b
SP1>2 L5 ooldl 558 (Jlw
1.5<SPI <2 b (Jloy
1<SPI<15 Lagio Jo s
0.5<SPI <1 Mo Jlo
-0.5<SPI <0.5 by
0<SPI <-05 oMo Jluslis
-1<SPI <-15 bgio JluSiss
-1.5<SPI <-2 wd Jlses
SPI <-2 L ool g8 JlusSiis

GRI" Las L dwslow Y

Candy by o Blg e yasls cpl b oLyl g (Byme (Yoo A) o), Kan g MeNdicind buwg GRI iuej ol gie asls
Gos ol (sliso 1 oS Cunl padll GRI S )50 239, ) 42 lsml 085 lje S (oBly (o)) o 9 o) ol 0y
LU )3 iojpn) o) 0y sbi] gebas onily Lol 5l Gasls ) dpuslone )3 355 s dplone 6L g ilale oo ) sl el
.(Mendicinio et al., 2008) 54 oo dmslxo yj alaly 5l GRI sl .0 odlaul o o calise

D,-D (¥)
GRI =~

3 el 030> jlme Bl 5wl SD ¢ pliw] o Bos (pSSke D ¢lai 390 093 13 (olims] gdaw Bes o)l Di S ¥olee ol )
A odlaiel R4.3.2 415815 5 lauseo )3 GRI [asli dpwle (gly (sbins] o o 1Sk o sl S5 4

Ol @lio 31 M G35y WU Gloj s £
Ot J (S sl o ol cuty el 1 bl laoly i OF mlie i M iy 48U loj oy ylaieds yimgdy !
FRgWES OL@} O dl){ O}A}] Oﬂ‘ Cawl (Pettitt, 1979) Cay O}A}] Uilo)’ Eow ) g dlads S LRSS ) d)LO] L;l.eaui'sﬁ)

V- Standardized Precipitation index

Y- Groundwater Resource Index


https://dor.isc.ac/dor/20.1001.1.24235970.1403.12.3.3.0
http://jircsa.ir/article-1-545-en.html

[ Downloaded from jircsair on 2026-01-30 ]

[ DOR: 20.1001.1.24235970.1403.12.3.3.0]

3 e 035 O CudS 9 CaeS OlyandS 1 O (i ST (o 2

.(Love et al., 2010; Moraes, 1998; Mu et al., 2007) cuwl pguwpo jlun oz yuolpw 30 (Si5elgyaud o (couldl Sloj sbagym
I ime 1y T dlals ) poid Cus 90 (loj b i=1, T a8 150 Jas 0 1) Xi (SgilenlS g yuun olas ol o 51 (lallsd
F2 (X) 1Y é:l) dl)l.) (t: t+1, 1+2, 143, ..., T) ‘5]){ 9 F1 (X) FS3LY é’b Xt dl)l) (; d&»‘)) (i:l,.....,’[) d‘)’. Xt a8 JJ‘.)LSA
9 o e |y B9, 3939 sl HITHT g 1k 3939 pae (g HOT=T 5,8 93 (905] ol sl F1 (X)#F2 (X) g (¥ dlasl)) 039

(Pettitt, 1979) 5,5 o ,a5 ;5 axols < 51 (A abasly) (X (t+1), .oy Xt g X100, XE) dg905 93 y905] (6l 1y KT o]

Kr = Max|U;r|, 1<t <T (8)
Upr = Xy Z§=t+lsgn(xi - X}) (;)

sign(x;-x;) =4 0 if (x; —%) =0 N
—1 if (- %) <0
D9 go dnole (A) dasl) g0y 355 o i Poa L KT ()85 cusal Jlois]

- “s(k)).
Poa =2exp ) ;T > oo (A)

Sy yges] b 48,5 a5 13 o yd A0 ol igh ) ()b dae praw ]y abi askis )l Jlas! POA oS ¢ ygba
A5 el R el 5 5

05 O CalsS 0 O (8 18U (o (s -0
N am g B 50 99 4 (S g oS sloodls (0 ©)504 SAR § EC o) ol aalio 1 o (i 186 0o e Sl
S adld )8 s (loj 31y )> Sl o Sliva s g (oS (w0 ) Sl jl 03l b s 508 (g20088 e (5 36
Soasls o ol 53 8 )y o @lie CursS g CuaS 2 ol Sl eoMs iy 36 oo 5l ax 9 S8 ) SAR 4 EC GR

S & o35 Ol @ilio Comluss 1 Mo iy 1 5,1 -1
EC GRI (slajaslis 5l Sy (ygu ey (Stsod bl ¢ JUuSUis & o) o e Gl M i 31 25 poliaios,
D Ol (S ity g 0 dwloro danlo YA o ¥V FF - FF AA OY Sbj sla wlis ;o SPIL bl sleols SAR
e 47 g (Shod pis (o & jho (oS Cute (Stused Sline 4 +) &5 WS (00 aii N B =) (g (o o pd jlMde
5] ol I S yn )3 SAR 9 EC GRI (sl jaslis o8 conl 55 & p3¥ (V) () )San 5 (b sl JolS ito | Siuran
a5 plod] SPSS 20 J13lp 5 13 (ygm et (Spad dpoloxo kb Jiuus yeito SPI bl 5 sy it

25 dple s g oS 5 40325 5 ool b s sl it & s dianly (slbpsite S a2y aloyo
a8 WS o asudie by (pl (Tang et al., 2017) 3o okl lyuss Lo (gjlwamd sl Slgs o (Jad yom)S ) Julod o 4500
S J| S5 cd ST S Hgbas 2) 3929 Jituwe (a3 ls Ll (glaosls L ditnly ysite S slaodls plo (g (Jad dlal; 4>
it e BB 3 il it bly jho 3| 5SS s 5145 Jlo )3 S 0 5 Jins i s ke o sy poite A3l
) ol St e jiite Ol &y G daly joite Ol ydl D ABL St Oletd o 01l 42 0 S (0 s Jis
sl 005 ) F S5 5 s Jnlpe (VF) ¢y, Kan


https://dor.isc.ac/dor/20.1001.1.24235970.1403.12.3.3.0
http://jircsa.ir/article-1-545-en.html

[ Downloaded from jircsair on 2026-01-30 ]

[ DOR: 20.1001.1.24235970.1403.12.3.3.0]

(VY AV als F o)led) b Sl ok sdilolw K

Sk slaesls ﬁ ol &.L..g sl ssls

‘sh al.-’ ul."u.v ‘ 6L“ oL> ul.auj\.
‘\& B ~”§ﬂ-r. 7."/' ‘\\.__ 7‘5‘057 ‘4/,»

SPL ) —

Sl

ol gl combes 2 0 Dl e
Pt 4 e

oS gy Jal e 5l laoE 13ged —€ JS
Figure 4— A summary diagram of the steps of the research method
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Figure 5- Groundwater level oscillation in Al, A2, and A3
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Figure 5- Changes in quantitative and qualitative indicators of selected wells, before, and after the impact of flooding
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Figure 7- The diagram of the effect of flooding on the sensitivity of quantitative and qualitative indicators of selected

wells to drought


https://dor.isc.ac/dor/20.1001.1.24235970.1403.12.3.3.0
http://jircsa.ir/article-1-545-en.html

[ Downloaded from jircsair on 2026-01-30 ]

[ DOR: 20.1001.1.24235970.1403.12.3.3.0]

(VY AV als F o)led) b Sl ok sdilolw "

S 5 4o
O o 3] sla Jluslis 5 Ol glie o3l 51 G syl pese o Gl BB cpl @ 50k olal 595 55 s iy Cenl
shl g cwl plaa Sitdaes 9 Suid 3blio jo o5 ol ile (65538 53 ulply Sl 03 by ooy 1) (e Sloo i
o el &S ol ool Bl lag b cpl 5 Slas )y dary oo 5 A (6y9p05 o SB g T cblis cas 3 bl oz b
b oS ol (B 050 ol o olacuid des jl gancain—aqSe Culd Lgd plovl oo g 5580 (sdm alis glaz )b b e
Jab 5l @) Clodheo ClS jogadar (65)0liS (L) sply dw dag g Cuslodd gy pdl a3 Y (b gt ¥l i 4
ool VAT Jlo (b sl oad (b o 008 (el ko U plsieas (inej il S g CueS ) (g CUSS o o
O9SU &5 45 el adlale (65)9liS (LS 5l (it 4 ey legie I (ad e Mew 3959 51 65 gle Ban b O iy
ol 005 013> (5155 b ol )3 (e ol SS9 a8 b ol Sl D)l pegad o (el BiS

ol Bl 31wl ouds (saicuin —)50S's Cubd 53 Ol mlie CutsS 5 CunS g el O iz a5 0b lis ol s
3 5o 1l g odnliio b5 zadg 4 s (5 0350 3l A g B 50 b e Sl o 86 Ll g oo (o)l L
5SS i) 5 Slidos sl il nge 31 45 Cunl sy 3550 ()lol 0)93 Joo (392 0B @l (gl ine pie Lol Yo
by sl slas (a1l & g o LYo Ko 5l Bk 1l e laday (B jepm il )3 (a8 VL (iejs o CdS
i)l el osd (uoins Ol g )k o o siae bl pas s 4755 0)L3l Vs 5 ok 3l g 55,9 US (0] dnsg
WM Jlo (b hialie ol s 55 Sl poas old ol oty 9ol 3l odlatslly haoj 5 Ol Sl Dl 2 oMo 5 5l ol
& (S b lgsol dan 1> e Ol 435 9 (o)b o Sloj U dly y3 ol oo FA L Jlo ¥ ol 48 ol 033 &) dmy &
) o5 ol g5l 5 A gl 5 oy Sgydn Colia (LS Jhbs Candy lssul Culus (gren (s30 Jlse
l CaieS g oS g O 354 Sl e FEEY () S 0dd () pdiges 0313 39508 &) dagi b 9 oo dletidiy ole 5
ol 93 0 Sy izl Sy i) (sloofay Sl 38 Lk & gl 09 eslial (clojlgale gl Sl a1
2 sdlazel LB ooly SOb logts U 3gud el CMaw sy zibs  (S005 30 (6)b pdiges slaoly HUS 10 cuas g cueS b5 sl
908 Epglanr pogad (o

M sl

8,8 algs )LE LA 5 Jstie st g b aslSe )b 5l Gimed cul 50 o edliel gl g laools (L0315 4y o piawd

ol o350 28l o Colox ol g )5 o plowl asbiplly 1 ot g 3T (el I8 )3 (el cul s Jle Cules

031> b 25l st sagee g 031 el 1Ll il toals il g slid g, ool (6 glen syl JU b iyl S o S Like
)5 imghs ol gl 5 e il g 3,5 ogad 5 edlie 3L LS 45 355 s pMel Alie ] B g 1y 15 S g 2Bl 3L

&le

(S3lodund g aiitane (65031 (VF 1) Lo e c(giome oo et (£l o poME ()8 ((Jredle (lugS (oitme g St )
doi: YYE-YOF (V) (B 5 of Cupo g (gl fho . \KbyS OMw yisu Blobw 1 lesul & 435 F 5 OMaw lime ]
10.22098/mmws.2022.11883.1183

5 oy bamo s o5 O Sy Mo (159 lelis 3 )Shas gy VFY L D c)lo)58 5 al b o 53 oyl sl Y
doi: 10.22034/EWE.2023.409401.1883 YYS—Y\Y (Y)\+ o/ autige

ol s i ot 206390 adllas) sl gyl il (laliingy 2 e i o 6 (VF) g o e she Y
YN () Ve by S sl sloailols (bs:

b ains ol e (bS5 (o Sty bl 98 ) 9399 S F1(TA) psaie G0k comme @0l
doi: 10.22059/ije.2020.290738.1222 $YA-F5Y (¥)V « ¢ alatesST. o ruumo

2 Sye LS lapadls bglug p OMew i3y Sl Qb)) (VF4T) el (il b poMe «6)led b oot ol 0
doi: 10.22092/Wmrj.2023.360770.1508 FA-YY (£)V5 g3l sl ,imess - 5sS o wlysesl ol

b SB g alS Jide Ol O (5 55U (W) L golo (s (6 )Sus dhose ¢ Sling Lo cgidald 0dpems £
doi: 10.22092/ijwmse.2019.118437 YVA-YVY (D))} el o po o usdigo -oobiuses dalgs 085 s iy 4


https://dor.isc.ac/dor/20.1001.1.24235970.1403.12.3.3.0
http://jircsa.ir/article-1-545-en.html

[ Downloaded from jircsair on 2026-01-30 ]

[ DOR: 20.1001.1.24235970.1403.12.3.3.0]

1\ e 035 O CudS 9 CaeS OlyandS 1 O (i ST (o 2

.(\\c’\) D GRund y10 cuilf))' D]9>).a> cLO)A.LC ‘LS’Lo‘)L') ‘)S‘LSLC cd)‘g)? c).éa.?.ko?bo ‘u.sUalw cuml ‘> )yéjla.o ‘).ycl ‘d)lbd&::))w A
.o &)bui O|9>‘LJ 18990 aslllas ‘d)LJ ;Q).‘;o‘)lf.lj dtm‘_’)?o)‘] .)).g)lf L o8, oBws jl G s oy sl b ol)i‘l u.glg.)’)\
doi: 10.22092/ijwmse.2020.127852.1722 $$-d0 (MNF cjusel o e g  odigs

doi: 10.22052/dleej.2021.10.3L.21 FY-¥) {¥)))+ ¢ bler wiummsS] (ootigeo (332 3oytce oo Ly Blabu 163590

FIYO-YIVO (SN o) (i g (o)lol . dnojp; ol @i g ygians o iilinl 5L (sla el 5 oslaiwl b el

@l j Coluo g (o)bsel Cojge b Cunj lams g b o I b o (talod (pmoges g ()55l (wdine g pole (o
https://civilica.com/doc/827259 « | «ums j laye 5 (2l

ul«.«ow » WAY wibwl uM.u.» LS”“L’ u»ou ).s‘ (\\c' ’) u99;.s ‘(3>99 L_iu cLs».».‘?u ‘91.)90.700 0)5 ‘).}U cuﬁ.).o ‘d")T (9 U,L»lf)f )

10.22059/ije.2021.320806.1483

e (s ol SO T ojg g0 wllas) Kb das 5 S5 Gblis 3 LS iy 5 gy 5 sl
doi: 10.22034/jargs.2023.397286.1029 SY-AY (OY)\F «Suis sble Lil i

u»?u 8d)90 4\.&]“@0) %23 x) ui o)!z..u C"‘)“’" » uMw u.ou c_JIJJI ) (\\“ﬁ\c) Ve LS’L? ‘ul.’x»lc )Kj o> L;o.L.wo AY
FEXY (V) ¥ 50RF L 5] pglaw (slaailobe ((gaiiie oluw &5 oM

YY=IY (FINY ol Lg)b},?’uj i g pole dloo (B0 il — saiia
it pole (HRRS P g (i Cabd 16390 adlllae) Sid daws 9 s 3blie 1> (uojp; ol o (ol (IWAA) e ¢ soluno VO
SID. https://sid.ir/paper/217038/fa ¥5-\ (¥)FY (s, o

ui S guane 4\;.\:0 5 ulf)n).(b ul.lbb)w M oY C)Jo gy u;l.:”‘ (\Ylﬂ;) Dgrme ‘dj)); 9 0du>g sl.u.)‘).c ‘)abl sL;:LO.‘a.;.m N
https://sid.ir/paper/254178/fa YS\-Y¥A (¥)f «(s55g,0eST . cnojyj

References

1. Abraham, M., & Mohan, S. (2015). Effectiveness of artificial recharge structures in enhancing groundwater
storage: a case study. Indian journal of Science and technology.

2. Azizi, H. R., ebrahimi, H., mohamad vali samani, H., & khaki, V. (2021). Effect of Meteorological Drought
on Groundwater Resources of Varamin Plain Using SPI, NISTOR and GRI index. Iranian Journal of
Irrigation & Drainage, 14(6), 2125-2135. [In Persian]

3. Dahmardeh Ghaleno, M. R., Nohtani, M., & Askari Dehno, S. (2019). Studying impact of flood water
spreading on changes of vegetation and topsoil in koh khajeh flood spreading station, Sistan. Watershed
Engineering and Management, 11(1), 211-219. doi: 10.22092/ijwmse.2019.118437 [In Persian]

4. Edwards, D. C., & McKee, T. B. (1997). Characteristics of 20 th century drought in the United States at
multiple time scales (Vol. 97, p. 155). Fort Collins: Colorado State University.

5. Gorganli Davaji, A., Jandaghi, N., G. Mahmoodlu, M., & Nick Ghojogh, Y. (2021). Effect of natural flood
spreading of March 2019 on the quantitative and qualitative characteristics of groundwater in floodplain at
the end of Gorganroud basin. Iranian journal of Ecohydrology, 8(2), 535-550. doi:
10.22059/ije.2021.320806.1483 [In Persian]

6. Habibian, S. M. R., Ghahari, G. R., & Hatami, A. (2023). Evaluation of the Effect of Flood Spreading on the
Fluctuations of Rangeland Plant Indices in the Aquifer Management Kowsar Station. Watershed Management
Research Journal, 36(4), 32-48. doi: 10.22092/wmrj.2023.360770.1508 [In Persian]

7. Hassan, W. H., & Ghazi, Z. N. (2023). Assessing artificial recharge on groundwater quantity using wells
recharge. Civil Engineering Journal, 9(9), 2233-2248. Doi: 10.28991/CEJ-2023-09-09-010

8. Jafari, A., & Bayat, P. (2023). The impact of the flood spreading project on the villagers on the edge of the
aquifer (A case study: Ahram Bushehr flood spreading station). Journal of Rainwater Catchment Systems,
10(4), 1[In Persian]


https://sid.ir/paper/254178/fa
https://dor.isc.ac/dor/20.1001.1.24235970.1403.12.3.3.0
http://jircsa.ir/article-1-545-en.html

[ Downloaded from jircsair on 2026-01-30 ]

[ DOR: 20.1001.1.24235970.1403.12.3.3.0]

(VY AV als F o)led) b Sl ok sdilolw A

10.

11.

12.

13.

14,

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Jahantigh, M., & Jahantigh, M. (2020). Investigating the Effects of Incoming Floods from Afghanistan on
the Quantitative and Qualitative Changes of Groundwater Resources in the Sistan Plain. Iranian Journal of
Ecohydrology, 7(2), 463-479. doi: 10.22059/ije.2020.290738.1222 [In Persian]

Karimi, H., & Hayat Nia, F. (2017). The impact of Musyan flood spreading on the aquifer of the region based
on the information of piezometers. The 13th National Watershed Science and Engineering Conference and
the 3rd National Conference on Protection of Natural Resources and Environment with the focus on
watershed management and protection of natural resources and environment, Ardabil, University of
Mohaghegh Ardabili. [In Persian]

Masoud, M. H., Basahi, J. M., & Zaidi, F. K. (2019). Assessment of artificial groundwater recharge potential
through estimation of permeability values from infiltration and aquifer tests in unconsolidated alluvial
formations in coastal areas. Environmental Monitoring and Assessment, 191(1), 31.

McKee, T. B., Doesken, N. J., & Kleist, J. (1993). The relationship of drought frequency and duration to time
scales. In Proceedings of the 8th Conference on Applied Climatology (Vol. 17, No. 22, pp. 179-183).
Mendicino, G., Senatore, A., & Versace, P. (2008). A Groundwater Resource Index (GRI) for drought
monitoring and forecasting in a Mediterranean climate. Journal of Hydrology, 357(3-4), 282-302.

Moslemi H, Abkar A J, Choopani S. 2015. Investigating the Effects of Floodwater Spreading on Groundwater
(A case study: TighSiah Floodwater Spreading). Journal of Rainwater Catchment Systems, 3 (2), 33-44 [In
Persian]

Moslemi H, Choopani S, Abkar A. 2018. Impact of Floodwater Spreading on Salinity Groundwater (Case
Study: Dhenedar Floodwater Spreading - Hormozgan Province). Journal of Watershed Sciecnce and
Engineering, 12 (41), 13-22 [In Persian]

Moslemi, H. (2019). Assessment of Groundwater Crisis in Arid and Semiarid Areas (Case Study: Jaghin and
Tokahor Plain). Irrigation Sciences and Engineering, 42(3), 31-46. doi: 10.22055/jise.2017.19218.1384 [In
Persian]

Mostafaei, A., Moradniya, V., & Godarzi, M. (2017). Evaluation of the role of Sarcahan-Floodwater
spreading in the artificial groundwater recharge. Iranian Journal of Ecohydrology, 4(3), 749-761. doi:
10.22059/ije.2017.62507 [In Persian]

Motaghian, M., Alavinia, S. H., & Ghazavi, R. (2023). Evaluation of the performance of mechanical and
biomechanical measures of watershed management on changes in floods, erosion, sedimentation and
vegetation in arid and semi-arid areas. (Case study: Badkash Watershed in Minab City). Journal of Arid
Regions Geographic Studies, 14(53), 84-67. doi: 10.22034/jargs.2023.397286.1029 [In Persian]

Pakparvar, M., Nekooeian, G., Ghahari, G., Cheraghi, S. A. M., & Majidi, A. (2022). Direct measurement
and simulation of flooding amount effect on recharge rate in Gareh Bygone floodwater spreading
system. Water and Soil Management and Modelling, 3(3), 256-276. doi: 10.22098/mmws.2022.11883.1183
[In Persian]

Pooramini, T., Fotouhi Firoozabad, F., & Barkhordari, J. (2024). Performance Investigating of Flood
Spreading System on the Groundwater Quality. Environment and Water Engineering, 10(2), 212-226. doi:
10.22034/ewe.2023.409401.1883 [In Persian]

Rajaeian, S., Ketabchi, H., & Ebadi, T. (2024). Investigation on quantitative and qualitative changes of
groundwater resources using MODFLOW and MT3DMS: a case study of Hashtgerd aquifer,
Iran. Environment, Development and Sustainability, 26(2), 4679-4704. doi: 10.1007/s10668-022-02904-4
Sarreshtehdari, A., Salehpour Jam, A., Soltani, M. J., Noroozi, A., Shademani, A., & Kherkhah zarkesh, M.
(2022). Evaluating the impacts of flood spreading plans from the view point of experts using nonparametric
statistical tests, case study: Ab-Barik Aquifer of Bam. Watershed Engineering and Management, 14(1), 55-
64. doi: 10.22092/ijwmse.2020.127852.1722 [In Persian]

Talebi, A., Foroohar, K., Dasturani, M. T., & Parvizi, S. (2022). Investigating the Effect of Flood
Displacement on Downstream Qanat Drainage (Case study: Mehriz flood spreading). Desert Ecosystem
Engineering, 10(31), 31-42. doi: 10.22052/deej.2021.10.31.21 [In Persian]

Tang, Z., Ma, J., Peng, H., Wang, S., & Wei, J. (2017). Spatiotemporal changes of vegetation and their
responses to temperature and precipitation in upper Shiyang river basin. Advances in Space Research, 60(5),
969-979.

Zheng, Y., Li, H., Li, W., Dong, X., & Kinzelbach, W. (2011). Water resources management using artificial
groundwater recharge to replace shallow surface water reservoirs: an example from Xinjiang China.
Geophysical Research Abstracts, Vol. 13, EGU2011-5596, EGUGeneral Assembly 2011


https://dor.isc.ac/dor/20.1001.1.24235970.1403.12.3.3.0
http://jircsa.ir/article-1-545-en.html
http://www.tcpdf.org

