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Abstract

In many countries, especially developing countries, due to data
shortage and costly environmental studies, simple hydrologic
methods, such as the Tenant and Q¢s methods, are main
methods for determining environmental flow requirements. In
this study, it was shown that employing these methods could
lead to results which do not comply with ecological conditions
of rivers. For illustrating difficulties in providing required data
for running physical habitat simulation models the River2D as
a 2D hydraulic model was used. The ecological regime of the
studied river resulted from River2D was completely different
from the outcomes of the two aforementioned hydrologic
methods. The RVA method was investigated based on the
assumption that the method is as simple as the other hydrologic
methods while it is capable of giving results as precise as
habitat simulation models. In the case study, the situation of
the river based on the suggested EF by the Tenant and. Qgs
methods was shown and it was illustrated that the monthly
ecological flow determined via River2D was captured by the
upper and lower limits of the RVA method. Moreover, it was
concluded that using monthly median flow instead of mean
monthly flow is preferable in the presence of skewness.
Finally, it was determined that the discharges prescribed by
River2D could not be supplied in all months, while the RVA
minimum monthly environmental flows could satisfy all the
necessary conditions for conserving biotic and abiotic habitat
in the study river.
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Table 1- Mean monthly discharge of the Kazemroud river

Month Oct. Nov. Dec. Jan. Feb.

Mar. Apr. May June  July  Aug.  Sep.

Discharge
(cumecs)

3.00 3.01 3.01 22 2.53

3.85 3.86 2.29 123 114 073 153
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Fig. 1- Study area
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Table 2- Different types of flows in rivers and their importance in ecosystem performance
(Zarakani et al., 2017)

(zarakani et al., 2017) (IHA (g gl ) piummwsST 3 ,5os 13 L & (pl Cuodl g &ilddg, Uy ilisee glgil -Y Jgua

Environmental Flow Component

Importance in ecosystem

Monthly Low Flow
Extreme Low Flows

High flows

Providing adequate and suitable habitat

Providing minimum habitat for living creatures including plants, preys

and predators for short time

Establishing macro habitat through shaping main channel and
providing/establishing normal water quality condition

Small floods: Washing bed sediment; Large floods: connecting main

Floods

channel and floodplain to enhance aquatic life and saving life in

floodplain in order to saving life in main channel

.(Nikghalb and Shokoohi, 2012; Schwartz Neff, 2011)
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Table 3- Suggested discharges in the Tenant method as percent of MAF (Tenant, 1976)
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Description of flows

October—March

April-September

Flushing or maximum
Optimum range
Outstanding

Excellent

Good

Fair or degrading
Poor or minimum
Severe degradation

200%
60-100%

40% 60%
30% 50%
20% 40%
10% 30%
10% 10%

0-10%
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b Ll & (S5 lsag, ol bais gl Sxe sla e
IS M S Sk &S eblen Ab] e Cunddy wiiua
o 5 ey 900 & Slaslono plosl AHA i3l 5 (sl
dgd oo danMe ¥ Joux )0 &S jolailen .l S ol LU yqo 4
Hlis by (Sl 1 eS8 Jlo slaols den gl bawgio ol >

Table 4- Mean and Median flow, low and high boundaries of RVA (m?3/sec)
(m3/sec) RVA (g ol 9 YU 399 9 (500l 5 wibo )l > -F Joo

Non-parametric method

Parametric method

. RVA boundaries RVA boundaries

Month Median - Mean -
Low High Low High
October 2.01 1.169 2.598 3.705 1.271 6.914
November 1.82 1.318 2.805 4.037 2.737 6.688
December 1.97 1.645 3.676 3.167 1.694 4.64
January 2 1.484 2.648 2.413 1.266 3.56
February 2.8 1.883 4.284 3.885 1.771 5.999
March 3.39 3.028 5.558 5.021 2.121 7.921
April 4.15 2.063 5.548 4.204 1.673 6.735
May 0.73 0.5956 1.184 1.675 0.6 3.451
June 0.575 0.4428 0.6622 0.7286 0.4059 1.051
July 0.47 0.3628 0.7172 0.9898 0.3735 2.001
August 0.54 0.4284 0.6288 0.6322 0.2549 1.009
September 1.28 0.872 1.603 2.35 0.7353 3.965
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Fig. 2- Skewness of Kazemroud monthly discharges
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Table 5- The River2D suggested ecological regime (cms)
(m3/s) River2D (g3l aibdlo SU3590951 025, -0 Jguo
Month Oct.  Nov.  Dec. Jan. Feb. Mar. Apr. May June July  Aug.  Sep.
Environmental =, 6, 545 246 19 206 277 275 183 116 09 058 127

Flow (m®/sec)
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Table 6- Results of the Tennant method
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Fig. 4- Flow Duration Curve of Kazemroud River
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Qos g <ol River2D g gy L RVA (5 vl LU gl dug e —F S

Discharge (cumecs)

B PAR-MIN-RVA . m NPAR-MIN-RVA

Fig. 7- Minimum environmental flow via parametric and non-parametric RVA method
RVA (551,50 9 (5 %l sl by 31 o3l b (Jawoons 5 by Sl -Y JSuo

35929 EFR Lauass o laJas opl slnl o a8 (ISie 587,85
sloosls b baoggp (s5lwoslel aiysa g cloj cpwels 4 sl ol 5l
sl y9ido 928 LIS (63l 53 jL3 390

5lodanlis e jlwand by <& olgie 4 River2D
oy olys 4 RVA 5 Qs «ils slagytyy 9 Byl
2548 GBSl sl (o ol (8L pslaie & (05990 sl by,
L Wl o RiVer2D a5 Jbb > oS wi ooy lis adllas oyl 5o
S90S (gjlwdeed |y Aldg) o9 g (b HU3) Cuidge
RIVEr2D Lawss ot slaisiy So3olsS) mfy RVA sl 5 YL
Lauogs o053 po MEF .1m3 o ey |y 39,aslS wliing, sl

50592 &y 9 4 jaS iwl mily (Sujdlsyi bl sblje
ol @il » plls)ls Gl ks Lle g e
plod b los &8lg 4o .aiil o 0300 g basl s Cow  Jrurocians
ona ol ABb e alagy 0 slaodld w0g)S pl sla g,

Sl el ()Mo G o8 B sl pasiie 35 2laby)
b Syt 555 155 5 g o il Jlo ol SEFR
Chgrge Candy g £ (585 i > ek EFR jgod 9 b
ik S5 e el 3 el 5 alSsy, o
3,03 3525 ol j Slodend slo o sly ()11 LByl slac 5o
w25y S b g pite dlale EFR (s gomen (93 50 (lg5 0 &5
b ol 9 (2L oSy JS i (gl slozel LB (Si59)sS]

IVAY oyl oY o5lond (o0, Jlw oyl 32! Of gilio Cliudos
Volume 14, No. 2, Summer 2018 (IR-WRR)
vy



Anonymous (2009) Comprehensive project of west of
Mazandaran river engineering. Co-consulting
Engineers Ab-energy-mohit, Mazandaran regional
Water Company, Ministry of Energy of Iran

Anonymous (2009) Indicator of hydrologic alteration.
User manual version 7.1, Last access 2016, 81p

Arthington AH, Zalucki JM (1998) Comparative
evaluation of environmental flow assessment
techniques: review of methods. Occasional Paper
No. 27/98 Land and Water Resources Research and
Development Corporation: Canberra, Australia

Arthington AH, Bunn SE, Poff NL, Naiman RJ (2006)
The challenge of providing environmental flow rules
to sustain river ecosystems. Ecological Applications
16(4):1311-1318

Bahukandi KD, Ahuja NJ (2013) Building block
methodology assisted knowledge-based system for
environmental-flow assessment of Suswa river of
Dehradun Dist., India: A reminiscent framework.
International Research Journal of Environment
Sciences 2(12):74-80

Bovee KD (1986) Development and evaluation of
habitat suitability criteria for use in the instream flow
incremental methodology. Washington, DC: USDI
Fish and Wildlife Service Instream Flow Information
Paper #21 FWS/OBS-86/7, 235 p

Gao B, Yang D, Zhao T, Yang H (2012) Changes in the
eco-flow metrics of the Upper Yangtze River from
1961 to 2008. J. of Hydrology 448:30-38

Homa ES, Vogel RM, Smith MP, Apse CD, Huber-Lee
A, Sieber J (2005) An optimization approach for
balancing human and ecological flow needs. EWRI
2005 World Water and Environmental Resources
Congress, ASCE, Anchorage, Alaska

King JM, Tharme RE, De Villiers MS (2008)
Environmental flow assessment for rivers: Manual
for the Building Block method. WRC Report No TT
354/08, 364 p

Kondolf GM, Larsen EW & Williams JG (2000)
Measuring and modeling the hydraulic environment
for assessing instream flows. North American
Journal of Fisheries Management 20(4):1016-1028

Li P, Qian H, Howard KW, Wu J (2015a) Building a new
and sustainable “Silk Road economic belt”. Environ
Earth Sci 74(10):7267-7270

Li Y, Chang J, Tu H, Wang X (2015b) Impact of the
Sanmenxia and Xiaolangdi reservoirs operation on
the hydrologic regime of the lower Yellow River. J
Hydrol Eng  21(3):10.1061/(ASCE)HE.1943-
5584.0001290

McClain ME, Subalusky AL, Anderson EP, Dessu SB,
Melesse AM, Ndomba PM, Mtamba JOD,

Sl slpbye Sbe 5 Sk 5 Somb e il 9 Qos
a5 S BB Gy sl Cund @ mls g 4oy,
Amd oo yUis WDy, pa (gly Jatue jobas 1) b B9y oyl (oxiwly
6‘_5.>Luu)|5 us..\; Lmu.;” U)l Jam?) o..\.wu_‘i):w MEF wl) )lJ.ﬁ.a
D9y 5 Dgd e &lBdgy 1 JasteCuw; sblxd 4 Sl e
)1 u1 w‘J)J )I o ‘4315.)9) I U}lho ]a;l).w s ‘Sl).: cols
u,i,h.,o/c\;t.o Jldo | st ub)> JMde ‘)§ﬁ3 Slaal dl)é 4}[539)
5 bl e Mos &S ol gy il o Sl > SlEdg;

31 %05 (Soidpred gy gorasle B> 45 Jo 5 RVA
11,5 93 cov lmodly ( Sgpds dn g5 b S o o0kl o3 (slaodly
4 oy SIRVA & by e (slaglds 55 .05 48,58 4 ¢glate
ol x5 9 bl ey asl Jloy @igr b giate (5>
odalie (yimgly ool 38 Sgdioe odlitul (6 5el)LU (o) 5l )90
sloosls > St Slgo LANPAR-RVA) (5 5n L gy 45 5

bl ghey Jl Fides Jlo oue )3 g pailFeliblons wilale (0
b w5y b &S gy cusl b > (S35 0]y e 4 06
» NPAR-RVA 59, (s pioolaiel 5 cuas il )55l aliag,
Jre il Lol zbs ojlul & wols 5 i jhaw 2,Sles e
ool Bl o 38> gyl 3 eolaiiwl 3y50 0§ jlodunsd

el S &S S e plmghy cnl 0 edel Cunsy s
3y90 srodls g & 5 bl @l 3l 311 EFR obj)l sl b,
orbe 2l Nlgie RVA o) (emled lbmmds LS5k

255 8 ol jlwdnd slaJse o (So3edg)de sla b,

\- Mean Annual Flow

2- Indicator of Hydrologic Alteration
3- Range of Variability Approach

4- Habitat Suitability Curves

5- Composite Suitability Factor

6- Weighted Usable Area

7- Microhabitat

8- Mean Annual Flow

9- Minimum Environmental Flow
10- Environmental Flow Requirement

X100
Abdoli A, Naderi M (2008) Biodiversity of fishes of the

southern basin of the Caspian Sea. Tehran, Scientific
publication of Abzian, 237 p

IVAY oyl oY o5lond (o0, Jlw oyl 32! Of gilio Cliudos
Volume 14, No. 2, Summer 2018 (IR-WRR)

yYY



Shokoohi A, Amini M (2014) Introducing a new method
to determine rivers’ ecological water requirement in
comparison with hydrological and hydraulic
methods. International Journal of Environmental
Science and Technology 11(3):747-756

Shokoohi A, Hong Y (2011) Using hydrologic and
hydraulically derived geometric parameters of
perennial rivers to determine minimum water
requirements of ecological habitats (case study:
Mazandaran sea basin-Iran), Hydrological Processes
25:3490:3498

Smakhtin 'V, Shilparker RL, Hughes DA (2006)
Hydrology-based assessment of environmental
flows: An example from Nepal. Hydrological

Sciences Journal 51(2):207-222, DOI:
10.1623/hysj.51.2.207

Steffler P, Blackburn J (2002) River2D: two-
dimensional depth averaged model of river

hydrodynamics and fish habitat. Introduction to
Depth Averaged Modeling and User's Manual,
University of Alberta, 120 p

Sun T, Feng ML (2013) Multistage analysis of
hydrologic alterations in the Yellow River, China.
River Res Appl 29(8):991-1003

Tag J, Yin X, Yu C, Yang Z (2012) Suitable
environmental flow release criteria for both human
and riverine ecosystems: accounting for the
uncertainty of flows. Mathematical Problems in
Engineering Volume 2012, Article ID 704989, 14 p.
Doi: 10.1155/2012/704989

Tharme RE (2003) A global perspective on
environmental flow assessment: emerging.trends in
the development and application of environmental
flow methodologies for rivers. River Research and
Applications, 19:397-442

Tsai WP, Chang FJ;, Herricks EE (2016) Exploring the
ecological response of fish to flow regime by soft
computing techniques. Ecol Eng 87:9-19

Vogel RM, Sieber J, Archfield SA, Smith MP, Apse CD,
Huber-Lee A (2007) Relations among storage, yield,
and instream flow. Water Resour Res 43:W05403

Yang T, Zhang Q, Chen YD, Tao X, Xu CY, Chen X
(2008) A spatial assessment of hydrologic alteration
caused by dam construction in the middle and lower
Yellow river, China. Hydrol. Process 22(18):3829-
3843

Zarakani M, Shokoohi A, Singh VP (2017) Introducing
a holistic ecological model under data shortage for
determining rivers’ ecological water requirements.
Iran-Water Resources Research 13(2):1-17 (In
Persian)

Tamatamah RA, Mligo C (2014) Comparing flow
regime, channel hydraulics, and biological
communities to infer flow—ecology relationships in
the Mara River of Kenya and Tanzania. Hydrol. Sci.
J. 59(3-4):801-819

Milhous RT, Waddle TJ (2012) Physical Habitat
Simulation (PHABSIM) software for Windows
(v.1.5.1). Fort Collins, CO: USGS Fort Collins
Science Center

Mullick RA, Babel M, Perret SR (2010) Flow
characteristics and environmental flow requirements
for the Teesta River, Bangladesh. International
Conference on Environmental Aspects of
Bangladesh (ICEAB10), Japan

Nikghalb S, Shokoohi A (2012) Using two dimensional
hydrodynamic method to allocate environmental
flow in rivers. 9th international congress on river
engineering. Shahid Chamran University, Ahvaz,
Iran

Nikghalb S, Shokoohi' A, Singh VP, Yu R (2016)
Ecological regime versus minimum environmental
flow: comparison of results for a river in a semi
Mediterranean region. Water Resources Manage
30:4969-4984

Olden JD, Kennard MJ, Pusey BJ (2012) A framework
for hydrologic classification with a review of
methodologies and applications in ecohydrology.
Ecohydrology 5(4):503-518

Poff NL, Zimmerman JKH (2010) Ecological responses
to altered flow regimes: a literature review to inform
the science and management of environmental flows.
Freshwater Biol 55(1):194-205

Richter BD, Baumgartner JV, Braun DP, Powell J (1998)
A spatial assessment of hydrologic alteration within
a river network. Research & Management 14:329—
340

Richter BD, Baumgartner JV, Powell J, Braun DP (1996)
A method for assessing hydrologic alteration within
ecosystems. Conserv Biol 10(4):1163-1174

Richter BD, Baumgartner JV, Wigington R, Braun DP
(1997) How much water does a river need?
Freshwater Biology 37:231-249

Schoeller S, Sanchez MJ (2005) Determining instream
flow, analysis of methods and their application to the
river Ebro in Spain. Escola Técnica Superior
d'Enginyers de Camins, Canals i Ports de Barcelona,
60 p

Schwartz J, Neff K (2011) Use of River2D
hydrodynamic model for stream restoration
assessment and design. World Environmental and
Water Resources Congress 2011:2593-2602

IVAY oyl oY o5lond (o0, Jlw oyl 32! Of gilio Cliudos
Volume 14, No. 2, Summer 2018 (IR-WRR)



indicators with consideration of hydrological
alterations. J. of Hydrology 529:711-722

Zhang Q, Xu C, Chen Y, Yang T (2009) Special
assessment of hydrologic alteration across the Pearl
river Delta, China, and possible underlying causes.
Hydro. Process 23:1565-1574

Zhang H, Singh VP, Zhang Q, Gui L, Sun W (2016)
Variation in ecological flow regimes and their
response to dams in the upper Yellow River basin.
Environmental Earth Science 75:938:1-16 DOI:
10.1007/s 12665-016-5751-x

Zhang Q, Gu X, Singh VP, Chen X (2015) Evaluation of
ecological instream flow using multiple ecological

IVAY oyl oY o5lond (o0, Jlw oyl 32! Of gilio Cliudos
Volume 14, No. 2, Summer 2018 (IR-WRR)

YYo



