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Fig. 1 The studied area in Iran and south Khorasan
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Table 1 Determination of drought condition based on
GRI (McKee et al. 1993)

Drought classification Index value

Extreme wet Index > 2.0

Very wet 1.5 <Index < 2.0
Slight wet 1.0 < Index <1.5
Normal —0.99 < Index <0.99
Slight dry —1.5 < Index <1.0
Very dry —2.0 <Index <-1.5

Extreme dry Index <-2.0
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Table 2 Drought effect and management suggestions

according to the HDMI Index (Faryabi and
Mozaffarizade 2017)

How to Manage Drought Effect Index Value

Operation without

No effect HDMI = 6.0
problems
Operation without 3.0 <HDMI <
Low
problems 6.0
Operation with Average 0.0 < HDMI
limited constraints g <3.0
Limited exploitation Average —3.0 SOHODMI <
- <
No operation Very 6.0 i?ODMI -
No operation Extreme HDMI <-6.0

G g bazdly ¥

5 iy 2l JeSas ey n car Gheshy ol 5
2l esiz Oluls ld Sl sl idy po ol ca o
w‘db «(m) @L»...«.:‘ C.‘a...u Lthboa‘é 9 HDMI 0 yuriodis
6ol p0 0 Glrol> sils oo ¢ (umhos/cm) (S Sl
UB; )‘).9 ‘5\»)).30)5,0 1vay-yyray ‘5:1 JL.» 9O 9990
GRI 5L wwyp s -y

ashio o sbuw! mhaw gbbosls loslawl b Jol al> e yo
() 5 (V) sl S & 904 GRI polie lawgie (gondig
GRI (adls Slpss oy Jelods a5 oy,
L adlhos,ge ddhhie Colin Jiw a5 ol lid
JL) (s 550 s)lel 0598 50 (i ol JluSas
bl w opl j0 Cal sad axlge (VYAY-VYAY ]
S 15y ek b bl esals B0 Jled
Diloads axlge o ol 4o wad JeSis b s
>l rle @ Sl e luld v e s Bble
GRI (axls (o) @ls 55 (IS jobar wo)ls (low e

(V) alaly & g0 g oaisadl)| Seyf et al. (2012) Ly
{(Faryabi and Mozaffarizade 2017) 04 so dlxe
ECi _ECAve
o
ohise wesn; ol gie (Sopsll cole EC; w8
Colaa jlae Bzl 5 Sl wSpa o 4 EC,,
1yay-yyray Gﬂ Jho o S AJ GL:.A oS!

R <! ghe Joy g, &5 o] 3l e
W‘M ‘5)5-4 )Q Lo‘ ‘CA.AAJ‘ ‘-JLM_, S OA.I.LS C .

SECI = M

Aloplny wdbiee sogro Djget sy, cnl (oS
iy 2l Sl colas ol g il Jlusias
Ol ate atls g0 ad Saalen gy il oo a5l
A ey @l oSl cle Sl g e
ol 5o gl S5 B b))l caled ye s Jless
aibge (1) akl, ©jgoar (ol a3ls adlas

«(Faryabi and Mozaffarizade 2017)

D!

MSECI = _(MJ

(o}
saiipdlal s fusbial (S S colan asLa MSECI s
il e

610 w0 pa sole culd jlusliwl =) ol -F-Y
Lol 05 o0 ool lagy | (Sdgyou Colan 5 Jlaml ool
St JEDH ol saimolis §in oo &S bl )l
S5z el Jolie (Sfsls e Candy g plsl
bl sl Lol 205 Gilopene gladly (Swisly
o Hlade a6l p ol eolaul Qly’:ﬂ oS Sy
&3lgyn g 0,5 colaiwl asdllas opl g0 len 50 1) Leol>
Oygods (F) akl, 3l ()00 0 lool> oo waisl

swpr =2~ )
(o

‘Lg)‘.bﬁo)e‘g 6L‘°°l% o;».i‘:.))]&l:.w‘ = uaéLi‘:vSWDI Ly

& Colaa e Gyl g Sl S S 0 5 O

..\.wl.'u;a 10 0 00 sleol>

2Standardized Well Discharge Index

"Modified Standad Electrical Conductivity Index

'ya4 ULH.M.A) ¥ o)l.o.»f.v o 0,99 ‘;‘J—‘ LSA-UW 9 WJ).IQ..JLA

L 4


SAMSUNG
Typewritten text
477


Ohes 5 (639,45 (5, B

L 4

YA

Db o addllaed ge ddlaie [0 ey ol JleSis

Sl O St Gialed g oy 40 a3l cnl QU

Azimi et al.

Oyed il Oldlas o Suej;

Lol s 936 5.5 (2019)

plo 4 G aslllaes 9o ashaie (B,h >l aS ol las
los S a1y g s ey ol Jlosas Ll
odes &S 0,5 ouslin lei oo i (V) UG bl p
oo 3l 5aS edgame ;0 GRI a3l polie &l
Syre 055 wgidy 5 Eadge (nl 45 G o0 (LS 93

340007 N
)

33NN
f

AWCL AUV SOUE SSO0L S0UUL z
— =]
Xf\\ e % [z
e 8 ] &
JL o o 3 NI
- |
b \,.
t :
L R 7
‘, A 2
3 s
< o
S g
~ A i
f-v * ‘ { A RN ‘
e .
t L g
‘ , Sy e s
! ™, =
. L\ ~ "
L

3 i

% i

.? ‘ . ILegend y S .
d L T g
I Jtran ¥ L 4
| South Khorasan® /.~ _ 2
T T T &
1 | 1 L L L L =
F =z
- E
W
i £
4 / :
Legend ] i _;:
T
B Exveme diy ' ‘ ‘ o
z
- Very diy 5 B
[ slight dry & ‘ | . c;
[ Normal b \"\ =
[ ] Shight wet "\‘ 4 ‘Z%
[ Very wet -
I Extreme wet ,i
T T [z
SE00NLE B0°0'0VE :—;

T T T T
55007 ST0E 59900 S1°0E

WWAYAYAY T o 5o asdllaes yge dilaie zhaw ;0 GRI polie gasarg, - JSo
Fig. 2 Zoning the GRI values in the studied area in 2014-2015

gt (Nehbandan,) I_::'_{
&5 (Qayen) H:I:|—|
w38 (Ferdous) -
o b (Tabas) - l_‘:l:H
iy (Sarbisheh) m_|
ol —e (Sarayan) H:|:|—|

alas 38 (Darmiany
sz (Birjand) 4

w9 i (Boshroeeh) -

GRI

Fig. 3 Calculation the GRI index in the study area in 2014-2015

o c.sLu ..\.wl;‘se C"l“’ OMOUL“) (\c) JS») W)
Bose asls ol Sliess a5 ol olas MSECT asls

SECI _asLs -Y-Y

b smein ol JoSas asls polie owyp 5l m

Ol sl oaiolis a5 all oo o Jl= 0V B Y o sl coloa sleesls 51 (GRI el 5 solacl

Solopoyee  slaol>

Soysdl colan polae oiolidl

wl.?u MSECI ua.‘>L~u 9 oolazwl LS)“))’.")'QH. LsL(bol.?

'yYasa ul...m.a) Y o)l.o...i} 5 0,99 ‘y] ‘Sm..\*ero 9 wu),]a..m

L 4


SAMSUNG
Typewritten text
478


Fva

589559 e (JluSis o o

L 4

4y et ls opl wedse dueipy 2l 5o S sla il
<l s (1l5 gl 55k K wilg oo meias et 55l
DSl clils p slacudgase iuliEl g (e )

farie )lpose slaoly Cundy (o nl 3 Sl
Sl 4 axg bls (g ple 4 Cand (550 Candg

Clle i coge einy ol gl el s

s—ig (Nehbandany -
a3 (Qayen)

w39, (Ferdous) -

b (Tabas) -
aiaw (Sarbishehy
sl —w (Sarayan) -

oles 38 (Darmian) -

sz (Birjandy -

4 3ii (BOShroeeh)

-4 3

-1 0 1 2
MSECI

WWAY-Y T Jlo 50 aslllass jge ddkaie ;0 MSECT asls dule gl -F JS&
Fig. 4 Results of calculation the MSECI index in the study area in 2014-2015

aihio ;0 HDMI asls aculre 4oy (5,000 000
SWDI 3 MSECI (GRI polie 5,515 5l am .ol o
b dpsloe axlllass yge dilaie mhaw ,o HDMI _asls
sl asls polie oy90, HDMI asls acwlre ae)Y
50 SWDI a3l ogr Gl bl so 398 0asluslin]
Sgzg pae oaidslis (g s2e) adllaes,ge bl
sl a4z 50 a5 ailge (s ol el iy
Ol 2 iy @l deily o 2l il e

W28 A plgi o0 | dilate

SWDI a5l -Y-Y
SWDI (a3l fagsy (nl )3 (sy 2090 a3 ld o
ol Josis jala polie (cwyp 51w bbe
Looadoluln]  Spsdl colan asls g (Joejp)
o sosls 31 MSECI 5 GRI sla azLis 51 oolaxl
O arls g cadeolalul (g0 0 e ool cils
orbs ol g deaslne (6500 slooly st st
S lailbv] ezl g0 oy &8l jo 0S5 &Ll (0) UK
looly sabo bl s el 5 LSS Colas

o—gi (Nehbandany
i (Qayen) -

g8 (Ferdous) -

ok (Tabas) 4

aius e (Sarbishehy
bt (Sarayan) -
oles 30 (Darmian) -
sz s (Birjand) -

49—iy (Boshroeeh)

R —
HE—
R
—EEH

= -1 0

SWDI

WWAY-AYAY Tl 0 aslllass jge ddkaie ;o SWDI asls aculowe mls -0 S
Fig. 5 Results of calculation the SWDI index in the study area in 2014-2015

'ya4 ULH.M.A) ¥ o)Lo.».'f.v o 0,99 ‘;‘J—‘ ‘SA-UW 9 WMJ)M

L 4


SAMSUNG
Typewritten text
479


L 4

Ohles 5 63905 5 bU

A

SoSis o pae by polie MSECI 3 SWDI
Jol> 00l 53 slagasll polie gex b (Kgly)aee
S A B (F) G s 7 oa (Sieds,ue JuSes
90,5

HDMI 5L —F—Y
Elopanss 65,54 (sl anllas ol o oadoslitel bs,
Condy abex I ke glbacr Jold (pae
355 oS swein ol ple S Curdy (JlSis
Sl g Cenl (Su3slesss et 5 sonldl Lulyo 3 Az
GRI slo msls polie o5l 5l am 058 0 lgsul (oS

4i°0l'll“l." SO"(J;(J"J.’ iS"OI‘U"L' 60“'0.‘0"}." 65‘“({'0"].’

N ,;a" % N I

3450107 N

339007 N

Legend

B ixtreme
- Very
|:| Average
|:| Low
I kffectless

Lo '

% W

P g =
i, TR N
” ;

-
I
;
N
v

IFNON

-,

.
<
30°00"N

/‘w—|
v L
>

N
]
b

4_/

™y
-
w‘?ﬁé )
Y

I
.
!
¢
/
ANy
T
A
T

T
SPPNE

60“0"0‘ 'E

,
>
Y
i

310NN 3200'01N 330NN 345001 N 35°00ME 00NN

1
7
/
/
-,
T

T T T T T T
SS0E ST0UME 59900 E SI0UE

Jlacszs 55 bl asllaes jge dilaie o ;5 HDMI jyslie sonaigy mls -5 JS
Fig. 6 Distribution of HDMI values at the study area based on the effect of drought
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Abstract

In this research, it has been tried to investigate the limitations of using the plain’s groundwater through
using the monthly values of discharge of agricultural wells, groundwater level and quality values of
electrical conductivity in areas of South Khorasan Province in 2013-2014. In this regard, a combination of
groundwater resource index, modified standard electrical conductivity index and standardized well
discharge index was used. Finally, hydrogeological drought management index (HDMI) was used to
manage the groundwater drought and to investigate hydrogeological drought. HDMI is one of the useful
and practical indices in this field that has been less studied. The results of groundwater resource index
showed that in the study area, groundwater drought is clearly seen in the southeastern regions of the study
area. Hydrogeological drought management index in the studied area showed that operation of
groundwater in most of the studied area has a problem and operation of groundwater in these areas should
be limited. About 86% of the studied areas are in limited operation condition, 10% are in problem-free
operation condition and 4% are in non-operation condition. In general, the results of hydrological drought
management index at the study area indicated that this index has high ability to provide an aquifer
management and has a great help to water managers in the country. Relying on the results, it is possible to
restrict water use at the aquifer and manage the water delivery.

Keywords: Agricultural Wells; Electric Conductivity; Flow Discharge; Groundwater Drought;
Groundwater Level.
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