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Figure 1. Location of the study area and river gauge stations in Iran and Golestan Province
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Figure 2. The amount of flow deficit volume to discharge ration in hydrometric stations of Gorganroud Basin
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1- Mean Annual Discharge (MADdis)
3- Mean Annual Deficit (MADdef)
5- Streamflow Deficit Index (SDI)

2- Mean Monthly Deficit (MMD)
4- Maximum Mean Monthly Discharge (MMMD)


http://dx.doi.org/10.29252/jwmr.9.18.190
https://dor.isc.ac/dor/20.1001.1.22516174.1397.9.18.2.6
https://jwmr.sanru.ac.ir/article-1-635-fa.html

- _.ﬂﬂiJ Aqnﬂnmﬂ n.nﬂn.Wﬁ.JV

>+ > - =

e
ol

el

A
b
féea qerse
o

(Fif st
ﬁfo.JﬂJ m.
s
toogp
rrelob

e s 0
a3 mA°
e
[LH
.«QLN_.JH
i

$6%

=L 2 -

< gotb (eHHOD exlomges)

WAY s g arl /A o)l [ots Jlo el 0> oo doliingly

i e (5560 e nge)

> -

¥

© w - = - .

e gk (560 oxkmge)

)ay

< _.ﬂ.iJ Aqn.hnmﬁ nu;wn.Wx._.Jv

S >+ > -

B 555 oo - ] oo

db

a * a + a * a
= 3+ > ¥ - -
o) gotbe (AHEO exfengers)

< e (0 o)

- - a -
> > =~ -~ =

Ya
Y.

-

B 555 oo - ] oo

s . o . e
b= = — —
e g (AR exloges)

s
oste

el

Afse”
Rl e
feee Aeél
Foal
Mk

e m
il

(Cons “
als]

e € 0
a7 m@e
e
[
.aﬁ..}‘_.Jn

46

< i (O )

L S

A
&
&

B 5.5 oo ] oo

o e (A6 e )

< S >+ > -

- _.ﬂéuJ ﬁqnﬂnmo nu;»n:h-..l&

I S N

Bl ;.S oo b oo

g3y

%?%E%&%},

- < o S >

B 555 oo ] oo

e
oshe

ad
afse
¥
cbeq qrbl
s

£1€ sbrep
e Y
g™ M
o

el ok

rp o€ 0
a7 mA°
e

19 6%
.qG.nN_.Jq
g

s3]

L PYWCPC R PRt eSS

R I
oL geibe (FHHD exloges)

[ 2T-2T-G20z uo JrrJeniues Jwml wo.j papeojumoq ]

e«
> r o w

oL goibe (HID exlogen)

R
wl—.l\

[9°2'8T'6'26ET ¥/ T9TS22 T'TO0T 02 :HOd ]

e
s

ad

afse
¥
cbeq qyerél
s

(£1€ sbeep
e
g™
o
el ok

e o€ 0
a7 mA°
e

19 6%
.qG.nN_.Jq
g

[¢6%

b 5wy!

- _.naéuJ ﬁqn.“nmo nu;»?h-.vl&
” - £ 3

B S oo B oo

S

- o
W = -

-8
S gt (30 ek nget)

- -

+
>

< e (D o)

S >+ > -

i
1
!
t
!
o

sls i

> < > 9 Wi =

< gotbo (eHHOD oxlonges)

e

o

afse
g
féee A6l

i
=
3
g
prel ok

oo o€ 0
a3 A
& e
(L
.qq,.oh_.Jn
Ed

]

r¥ine
o5
o<

s
e
rfeq bl
s

€1 sboee
=
i
(Conel”
el ok

e gl g0
a3 mAe
& e
£
M.En«_.gn
i

REC]

85!

85!

395155 350l 059 (6 yiagytan (slmolSiu] ;5 Cilisee slaolo )3 (cuSoyio (ygaleo) (] g 3gueS wo plie il pois —Y IS5

Figure 3. Variations of monthly flow deficit volume and discharge (million cubic meters) in hydrometric stations of
Gorganroud Basin

[06T°8T 6 1WMlZSZ62°0T 110d ]


http://dx.doi.org/10.29252/jwmr.9.18.190
https://dor.isc.ac/dor/20.1001.1.22516174.1397.9.18.2.6
https://jwmr.sanru.ac.ir/article-1-635-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2025-12-17 ]

[ DOR: 20.1001.1.22516174.1397.9.18.2.6 ]

[ DOI: 10.29252/jwmr.9.18.190 |

(xS0 0 (198las) 89408 o
T 2 A O

LI ™

\ay¥ JB)JK; 4.\09> » &;)919).\& ‘_Jw dl.lbo)9.) 2 alalo Uli)} .!9445 .))9]).5

(s i galee) o] o

a%iﬁ%&ii%ijéaﬁﬁbiﬁi
& A o % - a = —
agaaiq %%a% é?i 3

o 8]

(xS o (19ale) 908 o

39).»L€)§ )..791 b)9> d).uo”.,\...&w dl.&wb&u.wl » aliseo dLmbLo » (g,a&.o).uo u9‘1~°) L;h.,\j 9 )9‘45 o> )J)‘Jbo ul).uuu -y JS“A asldl
Contued Figure 3. Variations of monthly flow deficit volume and discharge (million cubic meters) in hydrometric
stations of Gorganroud Basin

P d9S p.’>v.> S ol ol Jw L;Lmli;;wl
039y 3y u.m..\g‘ )ishm )I Jw bl sbeole )3
P By oKyl oS ciS g e SHled Cwl
Poi 2 Gl el jd S 25588 Lol asli
ool s a8 wlosds i d9meS aos b wilodg
Wlag) SLbl ol 5l o)l pope o9 b gy
adllas 3590 dilaie o @lisl slatw L3k L 5 Lol
Cygody muldl o 51 B0 all p egMe il bagye
sbocdld Sl oSl s g Gy Gl
(Sl @)l e Wl (Ko B p Sl
& e Ay e b cadle g ol Glpal by
Sigdgrhen JLSIs g6y 9 poyed JB Ol lals
L sleS ol daoje canniml 3 (o g (5y5liS
ol CandVl (slaolin] & Cund 55 e ©M L
O 35S 58y | JolS cuilos 3 5pSy 2 5] aad
L g 5905 390y iS5l cilisn (slmoygd sl 1) )l 99
b ohjle g dblie slag)l clpl y upie ol Bl

Sl Gaals 1y 5l sb lassly § olsl Jlsas

B by g (1) JSE @l Ll
ub)> .)9,:&5 > bl.n).@(o » adllas d)yg0 LgLasoK:‘w.\g.l
o Shlea Cwl oads sdalin (CaSoye aulio)
o3> olaidl 365 4 1y Jlade 5 i ygS 3o olo y3 (]
s953e olo )3 3b5 (23 9 )Ll (B Wy &
o Jlo 5l Glise glaole dds 3 &S Syae o b
b & wwl o &y 0 olKuw! ST 0 bys d5ueS
g8y (V) ohlen o pledol cloadl L iegh
5 ¥l g il glaolin] ) g ne Jusis
sbole > Siglgra JLsis gody (V) (f)Sen
ST &S CaS g e Eaemme 13 2yl Jleden il
e g i b gole b b 35S LeolKiy)
Ol 298 > Olie pizen ol ol otalie
Caod¥l gblio o aBly ool o (CaSoyio jadiso)
ady , bl s Msdl oK) a5 Jb )3 g 5
Ol 98 we Hle (pygie b Jl glaobe
.,\3‘0.)9.3
Wlale o0 sleodly 1 oeolatwl b ideh opl o
a8 > Bl (Sl (JLSiS la el
ol oo oKl Yo el o) (Sid 0y9d Gk ()lyn
JB oS g 438 )50 @l g 035 sl 096,5
0 ggl uLP 39,:.45 > ):{.)L&o O ]ol,.'i)l J;.\?o ;,a)f

(a0 o galua) (ool pims


http://dx.doi.org/10.29252/jwmr.9.18.190
https://dor.isc.ac/dor/20.1001.1.22516174.1397.9.18.2.6
https://jwmr.sanru.ac.ir/article-1-635-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2025-12-17 ]

[ DOR: 20.1001.1.22516174.1397.9.18.2.6 ]

[ DOI: 10.29252/jwmr.9.18.190 |

Va0 WAY b g 3ol /A o5l [oas Jlo 350l 0jgn o pite doliiimgy

&l

1. Alijani, R., M. Vafakhah and A. Malekian. 2016. Spatial and temporal analyses of monthly stream
flow deficit intensity in Gorganroud Watershed, Iran. Ecopersia, 4(15): 1313-1330 (In Persianl).

2. Eslamian, S.S., M. Ghasem and S. Soltani-Gerdefaramarzi. 2012. Computation and regionalization of
low flow indices and determination of hydrological drought durations in Karkhe Watershed, Journal
of Slcielgce and Technology of Agriculture and Natural Resources, Water and Soil Science, 16(59): 1-
14 (In Persian).

3. Herbst, P.H., E).B. Bredenkamp and H.M.G. Barker. 1966. A technique for the evaluation of drought
from rainfall data. Journal of Hydrology, 4: 264-272.

4. Hisdal, H., L.M. Tallaksen, B. Clausen, E. Peters and A. Gustard. 2004. Hydrological drought
characteristics in developments in water science. Amsterdam, the Netherlands: Elsevier Science, 48:
139-198.

5. Kahya, E. and S. Kalayci. 2004. Trend analysis of streamflow in Turkey. Journal of Hydrology,
289(1-4): 128-144.

6. Karimi, M., K. Shahedi and M. Byzedi, 2015. Analysis of hydrological drought using constant
threshold level method (Case Study: Karkheh River Basin, Iran). Journal of Watershed Management
Research, 6(11): 59-72 (In Persian).

7. Li, R., L. Cheng, Y. Ding, K. Khorasani, Y. Chen and W. Wang. 2013. An operational drought risk
management framework based on stream-flow intelligent internet control. Journal of Risk Analysis
and Crisis Response, 3&1): 34-43.

8. Mosaedi, A., M. Khalili Zade and A. Mohammadi. 2008. Drought monitoring in Golestan Province,
Journal of A%ricultural Sciences and Natural Resources, 15(2): 176-183 (In Persian). . _

9. Mostafazadeh, R. and V.B. Sheikh. 2010. Rain-gauge density assessment in Golestan province using
?patial corr)elation technique, Watershed Management Research (Pajouhesh and Sazandegi, 93: 79-87
In Persian).

10. Mostafazadeh, R., M. Vafakhah and M. Zabihi. 2016. Analysis of monthly wet and dry spell
occ(urrence by)using power laws in Golestan Province, Iran. Iranian Journal of Ecohydrology, 3(1): 1-
12 (In Persian).

11. Ochoa-Rivera, J., J. Andreu and R. Garcia-Bartual. 2007. Influence of inflows modeling on
management simulation of water resources system. Journal of Water Resources Planning and
Management, 133: 106-116. ) ] )

12. Pandey, R.P., S.K. Mishra, R. Singh and K.S. Ramasastri. 2008. Streamflow drought severity analysis
of Betwa River System (India). Water Resources Management, 22: 1127-1141.

13. Shafiei, M. and M. Raeini-Sarjaz. 2015. Assessment of the impact of meteorological drought and
wetness trends on the Parishan Lake water level decline. Journal of Watershed Management Research,
6(12): 118-126 (In Persian).

14. Shahrokh, V. andi S.M.M. Lashanizand and M. Khakpour. 2009. A survey of hydrological droughts
and its relationship with precipitation in the basins of Khorramabad Rivers, Quarterly Environmental
Based Territorial Planning (Ama%esh), 2(6): 140-155 (In Persianlz.

15. Smakhtin, V.U. 2001. Low flow hydrology: a review". Journal of Hydrology, 240: 147-186.

16. Van Huijgevoort, M.H.J., H.AJ. Van Lanen, AJ. Teuling and R. Uijlenhoet. 2014. Identification of
changes in hydrological drought characteristics from a multi-GCM driven ensemble constrained by
observed discharge. Journal of Hydrology, 512: 421-434.

17.Van Loon, A.F. and G. Laaha. 2015. Hydrological drought severity explained by climate and
catchment characteristics. Journal of Hydrology, 526: 3-14.

18. Yevjevich, V. 1967. An objective approach to definition and investigations of continental hydrologic
droughts. Hydrology papers, Colorado State University, Fort Collins, USA, 23 pp.

19. Zaidman, M., H. Rees and A. Young. 2002. Spatio-temporal development of streamflow droughts in
North-West Europe. Hydrology and Earth System Sciences Discussions, 6(4): 733-751.


http://dx.doi.org/10.29252/jwmr.9.18.190
https://dor.isc.ac/dor/20.1001.1.22516174.1397.9.18.2.6
https://jwmr.sanru.ac.ir/article-1-635-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2025-12-17 ]

[ DOR: 20.1001.1.22516174.1397.9.18.2.6 ]

[ DOI: 10.29252/jwmr.9.18.190 |

Journal of Watershed Management Research, Vol. 10, N0.18, Autumn and Winter 2018 .........coecieiniriiiiniiiiiiieee e eeiieeaenes 196

Estimating the Monthly Flow Deficit during Hydrological Drought Periods in
Gorganroud River Basin

Raoof Mostafazadeh', Khadijeh Haji’, Abazar Esmali-Ouri* and Shahnaz Mirzaei*

1- Assistant Professor, Faculty of Agriculture and Natural Resources, University of Mohaghegh Ardabili,
(Corresponding author: raoofmostafazadeh@uma.ac.ir
2, 3 and 4- M.Sc. Student, Associate Professor and Graduated M.Sc. Student, Faculty of Agriculture and Natural
Resources, University of Mohaghegh Ardabili
Received: June 3, 2016 Accepted: June 12,2017

Abstract

Hydrological drought usually have a considerable impact on the quantity and quality of water
resources, causing water shortages in consumption sector and its study is important in terms of
intensity, frequency and spatial extent. The aim of this study is to determine the periods of

hydrological droughts, drought characteristics and amount of flow deficit in a 38-year recorded
data over hydrometric stations of the Golestan Province. The weighting factor of drought
importance for each month was calculated based on the flow distribution in different months.
The subtracted mean discharge of particular month from the long-term average was multiplied
by the weighting factor to determine the effective discharge. The difference of mean monthly
discharge and effective discharge considered as monthly flow deficit. The onset and end of
hydrological drought periods were defined and the cumulated flow deficits were calculated. The
results showed that the highest flow deficit amounts were recognized for in Taghiabad,
Basirabad, and Hajighoshan stations with 1.28, 1.27, and 1.07 respectively. In general, the flow
deficit were observed in June, July and August in almost all river gauge stations of the study
area. Moreover, the deficit volume was lower at stations located in upland areas.
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