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Table 3 Logarithmic regression relations for the estimation of a minimum 7-day flow in different return periods for
homogeneous regions (1 and 2)

Equation R? SE VIF

Area 1
Log (Q7,2) =-4.368 — 863. Log (A)+ 6.77 Log (BE) 0.99 0.08 1.53 8
Log (Q7,10) = -8.343 + 0.429 Log (S) + 3.883 Log (Lc) 0.99 0.07 1.33 9
Log (Q7, 25) = - 9.483 + 0.492 Log (S) + 4.381 Log (Lc) 0.99 0.05 1.33 (10)
Log (Q7,50) = -9.770 + 11.766 Log (Lc) - 4.880 Log ( P) 0.96 0.34 383 (11

Area 2
Log (Q7,2) = -62.178 + 14.947 Log (R) + 12.716 Log (Lc) 0.99 0.08 172 (12
Log (Q7,10) = 43.503 — 9.828 Log (A) + 22.850 Log (BC) 0.98 0.15 281 (13)
Log (Q7,25) = 43.503 — 9.676 Log (A) + 25.661 Log (BC) 0.99 0.10 281 (14)
Log (Q7,50) = 37.886 — 7.973 Log (A) + 26.589 Log (BC) 0.99 0.30 281 (15

\yay ul-u\.uﬁ) ¥ o)l.o..f; ¥ 0,99 “..)] L_';"J“A"‘efo 9 w) .la...?bo 4.1.790


bshahmorady@gmail.com
Typewritten text
281


O 5 Lz i

YAY

*

L 4

0,93 Jo )3 el Ojgo 4 ) ddlaie Laily; 0 (S
@ oSk o)ed 03 )0 e g dllu ¥ cuaS5L
Colas (Sho ¥V oadhio o Ll ol flis ase> Job S
0)95 4ed lp e Sy S Olpear 1093 ase>
oo ol flas (Jlo 9o citF il og,0 1 a) ewid sl
32 909V adhie glaJos 0 e Jolss 51 (S0 5 60,5
a5 lasdllas ;o Shg pl (V Jgaz) o o))y o Jow ST
Sl w8l gble 0 PBla> by weeds slp
0ds pleil 8, duiws duw 49>, Nosrati (2012) Lawgs
sladae 3 5,80 5 moe Jole S Ol 55 0
Vafakhah and (2000) .4 oo 48,5 ,La jo sladlaie
S azbs b Jlsis  w,» ,o Ayubzadeh
& iy s JLSis  5e sla Sy a8 wil
slaiile as s g AVl Su)b hugs ol iy
-O)LM‘ JJ‘)) B 03 é)jif ).:OLM (f)J.iu A J.:J.)Qjm
drwgs sl oo jloolawl Lojs, ¥ Jlas )b 2 oo (5,05
O 3\'(.3 Ny Q_Amf)ld le!bo)s..) )OY 9 \ é.lotua)..) d.JL)

A2 oo Hlad 1) alls

12
.
10 o T2
—_ o T10
w
08 & T25
=1
= « TS50
<06
-
=
2 04
=
2
~ 02
- L ] By o
00 40 Y adhie
0.0 02 04 0.6 0.8 1.0 12

Observed Q (m’ /s)

o Jelse | S b5 ot | akaie 5 Sl 325 b
2 lo g Voddlate Plas ol Lulg; 50 09 Jowe 5o
aibaie 93 )3 (Bl F e Sgls )0 Glei e |y el (nl e oS
@ Sl (7S ol Gl T ddlaie oS (6 )9k 4y ol
aogm Jsb ole pizman (V0 5l j2aS) canl ) adlaie
Vadhie slaJae jo N5 30 Jelge o fage 5 (So a5
30 20,5 0)ly el oo, g den (sl ld Jow 4o g 00y
4ol 8ylg Jaea Jlo ¥ el o,g0 sl 1aad ¥ dalais
@l &Yl hugie S0yl Jole o 0 aseis ¥ ddlaie
33835 uyd g Sobus Jole g3 g Jlo 95 Sk 0)90
Olpeds Jlo ¥ 2S5k 0)90 52 4 a5k 090 (oales
S o wog Pl slagl,z o5l 5o Sse Jelse
Vdibie jo Jlam ol ladbie by, o Sy o

Al 3yl Jae a4 Jlw ¥ ciiS 5k 090 (gl o Laad
Vogel and Kroll') cydize 5l g b a5 5l aix ja

Young ¢Yu etal. 2002 ¢« Kumar et al. 2003¢1992
Ourda and Shu ¢Kim et al. 2010 ¢et al. 1999

1 55e Jelse ey Lol 5l adgm corls Lole (2009
ol o9y ol bl u,—.’] oS 9 e slagl > adys

12
1.0 o T2 »
—_ o T10
z T 25
w08 & 2
=1
= s T30 A u]
<06 o
Eg o}
2 04 o .
2 .
~ 02
L ]
0.0 @ ¥ il
0.0 02 04 06 0.8 1.0 12

Observed Q (m’ /s)

Vo) gblo ,oalede g V0N ¥ iS5l loo,ge j0 059, ¥V Jlas b2 oo 6,505kl ply j0 0as 3,90 polie -F S

Fig. 4 Estimated values against the measured flow of at least 7 days in return periods of 2, 10, 25 and 50 years in
areas 1 and 2

'W > ;JﬁLD.: u‘yso.i Ul O 9 YO N oS /)l; 6L®o)9o
sloo ol bl Jb ol b by Jow o5 50 608
3P BB 2L Lo s Gl leosile Juloti g s 52

il 030, ¥ o bz 0550 50

Srte 2B dlo Y ciiSiboy90 slo Jow adlais g0 p2 30
Be g YO N +) ciFib sloo,go b e Jow plo & Cad
sloJae oV ) b Joum blas maSTy) oyl (dle
30 Sl aseidin dziliz (Sl pio dle g0 S il oyg0


bshahmorady@gmail.com
Typewritten text
282


YAY

o by sladlaie Slgl 2 Jolos

L 4

SLl laJae 43 99,9 Sl amdg> Laze o < IVVF- S5
INERVRIL S

y90 4o 5lp ¥ g ) bl ;0 aidl arwgs o Joo den Y
s ke oI35 5] s e ey L lact S5
9> @DV 5l S sl 50 5 S bl )98
sl Jilas b 06l g0

sleJoe Luel sanl sla iagy o Sgu oo Slpadion
Syp0 500 lbasg> o magh cpl 0 odel Cawds
Ozped 0,5 ol Gl Ojpe )0 995 15 L)
sl Jue Lalln! ple Sledbl 8L &jao,0

Qb Arwgd 5 o

References

Aciysbi M. (2004). Drought monitoring in
Mashhad using palmer drought index. J.
Geogr. Region. Develop., 7, 31-42.

Bayazidi M. and Saghafian B. (2011). Regional
drought analysis of river flow in southwest
regions of the lIran. Iran. J. Watershed
Manage. Sci. Eng., 5(14), 37-52 [In Persian].

Eslamian S., Ghasemi M. and Gardfaramarzi S.
(2012). Calculation and zonation of low flow
indexes and determination of hydrological
drought periods (case study of Karkheh
watershed). J. Agri. Sci. Technol., 16(59), 1-
14,

Eslamian S., Zarei A. and Abrishamchi A.
(2004). Regional estimation of low flow
streams in Mazandaran watershed. J. Agri.
Sci. Technol. Nat. Resour., 8(1), 27-38.

Kim S. and Lee K. (2010). Regional low flow
frequency analysis using  Bayesian
regression and prediction at ungauged
catchment in Korea. KSCE J. Civil Eng.,
(14)1, 87- 98.

Kumar R., Chatterjee C., Kumar S., Lohani, A. K.
and Singh R. D. (2003). Development of
regional flood frequancy relationship using
L- moment for Middle Ganga Plains
subzone 1(f) of India. Water Resour.
Manage., 17(4), 243 — 257.

& 5 azid =¥
Jolas by> shibare Slglp o anlllas ol 51 oo
Sz bl o Jlad 09,5 ezl adg> I ale i 5
@S ool ol m ee )lkBe g e
SV adhie o Lol gleaddie 4y 4y 5o5 (b, wle ] 5 -)
S5l omp 5 (oorl8l (BT 0 s (S VO e
bl ade> Job ITEY (59 )L L cols (sla it
cIVAY (S35 0k ba—dg> bawgio oo B VAT S35
IYAY Si9 b b adg Lanmme 5 < IVVA (SopiS oy

dad Sl Sy (n et Olyieds
oot b AVl Sal sle Shg oV adlaie o0 -¥

b 638 ey VY g5 bl adsm Jsb ooV

Laha G. and Bloschl G. (2007). A national low
flow estimation procedure for Austria. J.
Hydrol. Sci., 52(4), 625- 644.

Lazaro R., Rodrigo F. and Puigde-bregas J.
(2001). Analysis of a 30 — year rainfall
record (1967- 1997) in semi — arid SE Spain
for implication on vegetation. J. Arid
Environ., 48(3), 373- 395.

Miller G. T. (1997). Environmental Sciences.
Wods worth Pob. Belment. California.

Mirza-Hoseini M. and Mohseni-Saravi M. and
Zahtabiyan GH (2010). Regional analysis of
low flow by hybrid method in Mazandaran
Province. J. Irrig. Water Eng., 1, 1-9.

Nosrati K. (2012). Regional analysis of
hydrological drought in Sefidrood drainage
basin using base flow index. J. Range
Watershed Management, 65(2), 257-267.

Ourda T. B. M. J. and Shu C. (2009). Regional
low flow frequency analysis using single and
ensemble artificial neural networks. J. Water
Resour. Res., 45(11), 148- 162.

Rajib M., Ramadas M. and Rao S. (2013).
Identification of hydrologic drought triggers
from hydroclimatic predictor variables.
Water resources research 49, 1-17.

Rostam M. (2002). Projection of suspended
sedimentation of non-stochastic domains by

\yay ul—h&.ﬁm) ¥ o)Lo..fJ ¥ 0,99 “:)] GMJJ-A-QPQ 9 w) Ja...‘;m d.l?bo

2


bshahmorady@gmail.com
Typewritten text
283


O 5 Lz i

YAY

*

L 4

comparison of stress and fuzzy clustering
methods. Proceedings of the Sixth
International River Engineering Seminar,
ShahidChamran University of Ahwaz, 8-10
September.

Saghafian B. (2006). Estimation of minimum
flows in non-statistical domains using
multiple regression method. J. Water
Watershed 2, 21-34.

Samadi-Boroujeni H. and Abrahamid A. S.
(2011). Drought consequences and ways of
coping with it in Chaharmahal and Bakhtiari
province. Second edition. Water Resources
Research Center of Shahrekord .512 p.

Shamaezadeh M. (2008). Low flow regional
analysis in north Karoun Basin. Master's
thesis, Faculty of Natural Resources, Isfahan
University of Technology.

Vafakhah M. and Ayubzadeh A. S. (2000).
Identification of effective factors in
cognitive drought in order to control them in
Salt Lake watershed. First National
Conference on Dehydration Control.

Vogel R. M. and Kroll C. N. (1992). Regional
geohydrologic- geomorphic relationship for

the estimation of low flow statistics. Water
Resour. Res., 28(9), 2451- 2458.

Vogel R. M. and Wilson 1. (1996). Probability
distribution of annual maximum mean and
minimum stream flows in the United States.
J. Hydrol. Eng., 1(2), 69 — 76.

Young A. R., Round C. E. and Gusterd A. (1999).
Spatial variations in the occurrence of low
flow events in the UK. Hydrol. Earth Sys.
Sci., 4(1), 35— 45.

YuP. S, Yang T. C. and Liu C. W. (2002). A
regional model of low flow for southern
Taiwan. Hydrol. Process., 16, 2017- 34.

Zare-Chahouki A., Salajegheh A., Mahdavi M.,
Shahram Khalighi and Asadi S. (2013).
Regional flow duration curve in arid regions
for ungauged basins (case study: Central
Iran). J. Range Watershed Manage., 66 (2),
251-265.


bshahmorady@gmail.com
Typewritten text
284


L 4

YAD Jloax ol > gladbaie Slgls Lo

2

Regional Frequency Analysis of Low Flow in Parts of the
Northern Karun River Basin in Chaharmahal and Bakhtiari
Province

Afshin Honarbakhsh!*, Mahbobeh Chogan?, Rafat Zare Bidaki® and Mehdi
Pazhuhesh?®

1Assoc. Professor, Department of Rangeland and Watershed Engineering, Faculty of Natural
Resource and Earth Science. Shahrekord University, Shahrekord, Iran

2M.Sc. Alumni, Department of Rangeland and Watershed Engineering, Faculty of Natural
Resource and Earth Science. Shahrekord University, Shahrekord, Iran

3Assist. Professor, Department of Rangeland and Watershed Engineering, Faculty of Natural
Resource and Earth Science. Shahrekord University, Shahrekord, Iran

“Corresponding author: afshin.honarbakhsh@gmail.com

Original Paper
Received: December 30, 2017 Revised: September 7, 2018 Accepted: October 10, 2018

Abstract

Hydrological droughts reduce groundwater and surface waters. The purpose of the present study
was to analyze the minimum regional flow frequency in parts of the northern Karun basin in
Chaharmahal and Bakhtiari province. For this purpose, 11 hydrometric stations were used. For the
minimum flow estimation, 15 different physiographic, climatic and hydrological features of the
basin were used in. At first, hydrometric stations were divided into two homogeneous groups using
cluster analysis method. Then, using principal component analysis (PCA), the most
important features were selected for each region among the 15 physiographic, climatic and
hydrological characteristics. Finally, the models for estimating the minimum flow of each region
were developed using stepwise regression method in return periods of 2, 10, 25 and 50 years. The
results showed that the characteristics of the basin area with a weight of 0.347, elongation
coefficient with a weight of 0.389, a length of the basin with a weight of 0.326 and a coefficient
of roundness with a weight of 0.326 were the most important features in the estimation of minimum
flow. In general, all regression-logarithmic models in the two regions for all return periods with a
coefficient of greater than 0.96 were considered to have a good performance for minimum flow
estimation.

Keywords: Armand Basin; Hydrological Drought; Multivariate Regression; Minimum Flow; PCA.
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