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Abstract
There are different methods in hydrological approach for estimating the environmental flow and a comparative assessment 
is necessary. The low flow indexes (7Q2 and 7Q10), Smakhtin, Tennent and flow duration curve were used to estimate the 
environmental flow of Zohreh River in the southwest of Iran. The Smakhtin, 7Q2, 7Q10 and Tennant methods resulted in 
the estimation of constant values of 27.2, 12.7, 5.9 and (8 and 24) cms, so that, on average 52.8, 26.9 and 12.3, 36.7 percent 
of the monthly flow is allocated to the environmental flow. The monthly environmental flow pattern for these methods does 
not fit well with the monthly flow pattern, and thus it can be concluded that the Smakhtin, 7Q2, 7Q10 and Tennant methods 
cannot be used in the initial form. The application of the flow duration curve leads to an environmental flow assessment in 
the range of 6.8–38 cms in different months, whose time pattern completely matched with the monthly flow pattern. In this 
method, on average, 30.8% (range 18–48%) of the monthly flow allocated to the environmental flow, which is reasonable 
and acceptable amounts. Investigating the results of this study shows that the time pattern of the results should be analyzed 
in comparison with the observational flow pattern to estimate the environmental flow with a hydrological approach. The 
results also suggest that the methods that provide a constant amount of environmental flow in different months of the year 
should be interpreted cautiously along with other methods.

Keywords  Zohreh river · Hydrological methods · Environmental flows · Flow duration curves · Low flow indexes · 
Tennant · Smakhtin

Introduction

In recent years, different studies show changes in various 
hydrological components such as groundwater (Ansarifar 
et al. 2019), precipitation (Moazed et al. 2012), water qual-
ity (Salarijazi and Ghorbani 2019) and river flow (Ghorbani 
et al. 2019; Bahrami et al. 2019) which could lead to sig-
nificant impacts on the environmental systems of the river 
(Noori et al. 2013). The protection of the vital river system is 
one of the main goals of river management and engineering 
in sustainable water resources development (Othman et al. 
2014). Flows which have good maintenance conditions of 
a set of aquatic habitats and provide ecosystem processes, 
are called as "environmental flows", "environmental water 
requirements", "environmental flow requirements", and the 
process of calculating these flows "are also called " environ-
mental flow assessment " (Poff 2017; Bardina et al. 2016). 
The assessment of the intensity of the environmental flow 
is one of the important factors to organize or reservoir dam 
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construction plan on the rivers (Chen and Aldon 2017). 
Studies show that water withdrawals and water demand from 
rivers (for example, irrigation, hydropower and drinking 
water) are increasing (Zhuo et al. 2016). The environmental 
studies have specific and high complexity such as the goals 
and magnitude of the project, the availability of data and 
the required resources to protect (Davies et al. 2014). Dif-
ferent studies performed in the field of global environmental 
flow estimation that have examined this issue with different 
approaches.

(Richter et al. 1996) described the 32 hydrological param-
eters that their changes have the most role in the ecosystem. 
The 32 parameters divided into five groups of hydrological 
characteristics including the magnitude of monthly water 
conditions, the magnitude and duration of annual extreme 
water conditions, the time of annual extreme water condi-
tions, frequency and duration of high and low pulses and rate 
and frequency of water condition changes. These changes are 
used to assess the relationship between flow regime change 
and ecosystem response to it. Poff et al. (1997) introduced 
the natural flow variability as the main driving component 
for the sustainability and health of the river ecosystem, and 
they stated that in the regulated river, if the lower release 
water to downstream is closer to the natural flow of the 
river, the river biota is in a better position. Tharme (2003) 
classified the methods for estimating environmental flow in 
five distinct approaches including hydrological methods, 
hydraulic gradation method, simulation habitat, comprehen-
sive approaches and the combined method. Different studies 
have been done in different parts of the world related to the 
environmental flow estimation in the rivers. In another study, 
the Tennant method was used to estimate the environmental 
flow in the waterways which had a great slope. Mann (2006) 
was conducted this study on 151 cross-sections of 70 rivers 
in the west of the United States and concluded that the Ten-
nant method is more applicable in the rivers with the slope 
(less than 1%). It was also found that in rivers with slopes of 
more than 1%, the Tennant method should be used more cau-
tiously, and be restricted to the planning stages of instream 
flow recommendations. The Tennant method should apply 
in the river’s instream protection programs, not in the reha-
bilitation and recovery programs. Smakhtin and Anpottas 
(2006) used the flow duration curves (FDC) method to 
investigate the environmental flow intensity of 13 rivers in 
India. This method uses monthly flow statistics to ensure 
that the natural environmental flow changes are stabilized 
in the time series and provides the required amounts of the 
environmental flow for managing different environmental 
classes. In a study on the rivers in Ontario, Canada, Watt 
(2007) used three methods of Tennant, Tessman and a com-
bination of Q50 and Q90 monthly to determine the minimum 
environmental flow. He concluded that the two methods of 
Tennant and Tessman are not compatible with the Ontario 

River status and applying these methods will be suitable 
if further studies and corrections are done for the Ontario 
River. In a study on Brahmani and Baitarani Rivers in India, 
which carried out by hydrological methods of the estima-
tion environmental flow, the flow duration curves provide 
better results for maintaining the river in typical droughts 
(Jha et al. 2008). By conducting a study on 11 rivers in dif-
ferent parts of the world by using the hydrological methods 
of the Tennant, flow duration curves, and the Smackchint 
and Tessman methods, Pastor et al. (2014) concluded that 
average annual flow of 37% is needed to maintain the eco-
system. Accordingly, the maximum water required for a low 
flow period is a flow of 46–71% of average low flows, and in 
the high flow period, the average flow 17–45% is the aver-
age high flow, which is acceptable amounts. In a study on 
the Maritime River in Canada, Caissie et al. (2015) evalu-
ated the environmental flow by hydrological method of low 
flow indexes application and concluded that by applying this 
method for the return periods of 10 and 2 years, the environ-
mental flow estimated to be 3.6 and 8.2% of the annual aver-
age flow. The comparison of Tessman, flow duration curve, 
and Tennant methods on Ochotnica, Wielki, and Rogoznik 
rivers showed the Tessman method has better outcomes for 
these three rivers than the other two methods. It estimated 
the environmental flow considering environmental criteria 
in accordance with the European commission’s guidelines 
(Wałęga and Młynski 2015). In a study on Nepal’s hydro-
electric project, which was at the planning stage, Rijal and 
Alfredsen (2015) used the Tennant method for this study and 
concluded that the amount of environmental flow has had 
the lowest amount of discharge in December, January and 
February, and it is not justifiable. Ates and Dogan (2016) in 
a study on the Göksu River in the eastern Mediterranean that 
used the Tennant method to estimate the environmental flow 
that was not consistent with the environmental conditions of 
the area, but the modified Tennant method used to improve 
the results. The Tessman, Tennant and building block meth-
odology (BBM) used to estimate the environmental flow of 
Mula dam site in India. The results showed that the amounts 
provided by Tennant method and BBM were not enough 
suitable for the characteristics of the river’s normal Regime, 
but the Tessman method- in this study—resulted in provid-
ing the logical amounts of the environmental flow in differ-
ent months (Balsane and Bansod 2016). Various methods 
developed to estimate the environmental flow that hydro-
logical methods, due to the lack of need for large amounts 
of data, require far less time than other methods in the early 
studies of environmental flow estimations. Considering 
the variety of different hydrological methods in estimating 
environmental flow, which can lead to different estimates of 
environmental flow, a comparative study of these methods 
seems necessary.
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The first objective of this study is environmental flow 
estimation using Tennant, Smakhtin, flow duration curve 
and low flow indexes (7Q2, 7Q10) methods as hydrological 
approach considering the recorded data of the Zohreh River 
(Dehmolla hydrometric station) in the southwest of Iran. The 
second objective is the analysis of the results of different 
methods and the comparison with the observed pattern of 
recorded river flow data.

Materials and methods

The Zohreh watershed is located in the southwest of Iran 
with geographic coordinates of 28° 66′–30° 56′ N latitude 
and 49° 16′–52° 18′ E longitude. The area of this basin is 
15660 square kilometers, and the average height of the basin 
is 1060 m above sea level. Zohreh River, located in this 
basin, is one of the most important rivers of Persian Gulf 
basin collected the waters of the large areas of Ardakan, 
Noorabad, Fars, the southern area of Do-Gonbadan, Behba-
han and the Hendijan district of Mahshahr and then will end 
to the Persian Gulf. In this study, the recorded river flow 
data of Dehmolla hydrometric station located at the bottom 
of the watershed is used. The position of the Zohreh basin 
is presented in Fig. 1.

Hydrological methods of environmental 
flow estimation

Tennant method

In 1976, Tennant provided a method for estimating the 
environmental flow needed for fish, known as the Mon-
tana method or, more commonly, Tennant method. In this 
method, only the mean annual flow amount of the river used 
to estimate the river environmental flow. In its reviews, Ten-
nant examined 58 cross-sections of 11 rivers in Montana, 
Nebraska and Wyoming, and according to this and by con-
sidering time situation throughout the year (in two 6-month 
periods), the values of environmental flow were proposed 
based on different ecological conditions as shown in Table 1. 

Fig. 1   Map of the catchment area of the Zohreh River and Dehmolla station

Table 1   Estimation of environmental flow based on Tennant method

Description of flows Recommended base flow regimes (per-
cent of mean annual runoff)

October–March April–September

Flushing or maximum 200 200
Optimum range 60–100 60–100
Outstanding 40 60
Excellent 30 50
Good 20 40
Fair or degrading 10 30
Poor or minimum 10 10
Severe degradation  < 10  < 10
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An examination of this table shows that the estimation of the 
environmental flow in Tennant method is easily feasible and 
because of the ease of using this method, Tennant Method 
is widely used in environmental flow estimation. Specifi-
cally, given that this method leads to the selection of two 
specific flow values for two six-month periods per year, so 
the application of this method should be considered as an 
initial estimation with comparing to other methods.

Flow duration curve method

Flow duration curves can provide valuable information 
on the pattern of river flow changes, and therefore can be 
a suitable method in estimating the environmental flow 
(Zhang 2017). Due to the nature of the flow duration curves 
in the estimation of the environmental flow, its application 
commonly considered by researchers (Verma et al. 2017). 
Flow duration curve is one of the best ways to display a full 
range of river discharges of low flow events to flood events. 
Flow duration curve is the relationship between the river 
flow intensity and the percentage of times when the certain 
flow (during the statistical period) is equal or increased, or, 
in other words, the relationship between the amount and 
frequency of flow (Smakhtin 2001). Regarding the applica-
tion of the flow duration curves, various indicators used for 
the minimum environmental river flow ranging from Q50 
to Q95 (McClain and Anderson 2015; Elhatip and Hinis 
2015; Ghanbarpour et al. 2013). These indicators are pre-
sented for specific purposes, for example, Q50 indicator is 
used for maintaining aquatic biota (Ghanbarpour 2013), and 
Q95 indicator of minimum flow is used for river protection 
(Shenton et al. 2011; Acreman et al. 2008; Piniewski et al. 
2014). To calculate flow duration curves, the following pro-
cedures performed:

The flow duration curves plotted by sorting the statistical 
flow data into descending order. In other words, the larg-
est number rated one. Then, these flows are plotted against 
the probability value. The probability of occurrence of each 
discharge obtained from the Weibull equation.

Low flow indexes

Low flow indexes are based on the occurrence of low flows 
over a given time period during the data period recorded 
in different years, and their probability level is considered. 
One of the most widely used low flow indicators defined 
and used based on the 7-day period (Richter et al. 2012; 
Pastor et al. 2014). The minimum 7-day flow indicates the 
lowest amount of flow in a continuous 7-day period, which 
observed under different natural conditions in the river 
during each year. 7Q2 and 7Q10 indicators are the most 
usable indicators of low flow indicators, which indicate 
the minimum amount of river flow for 7 consecutive days 

in the return periods of 2 and 10 years (Verma et al. 2015; 
Trudel et al. 2017). One of the most important uses of the 
7Q10 indicator related to the river water quality’s stand-
ards for pollution control. However, the applications of 
this flow have been expanded in other cases, including in 
the context of environmental flow estimation (Wurbs 2017; 
Pyrce 2004). Among low flow indicators, Pyrce (2004) 
introduces two minimum 7-day flows with a return period 
of 10 and 2 years (7Q2 and 7Q10) as the most commonly 
used indicators for estimating the environmental flow. In 
most flow studies, the low flow indicator 7Q10 has been 
used more than the low flow 2Q7 indicator. The most com-
mon applications of low flow indicators are environmental 
flow estimates in the following areas (Brooks et al. 2006; 
Jensen et al. 2002):

1. To protect/regulate water quality from wastewater dis-
charges or waste load allocations (to prevent adverse bio-
logical/ecological impacts on the receiving water).
2. Minimum quantity of streamflow necessary to protect 
habitat during a drought situation.
3. Total maximum daily load to assess aquatic life pro-
tection.

Smakhtin method

Smakhtin et al. (2004) used a new method for 128 catchment 
areas in different parts of the world to assess the status of 
exploitation of the world’s rivers with the consideration of 
environmental water requirements. In this method, the envi-
ronmental water requirement (EWR) considered as the com-
bination of the environmental low flow requirement (LFR) 
and environmental high flow requirement (HFR) (Smakhtin 
et al. 2004). The Environmental low- flow requirement is 
the minimum amount of water needed for fish and other 
aquatic organisms per year, and the environmental high- 
flow requirement is shown in floods and its impact on the 
shape of the river and the plants around the river (Smakhtin 
et al. 2004). In this method, to make the river condition 
"fairly good", it is suggested that the environmental low 
flow requirement in that river should be equal to Q90 (Q90 
is the flow that is 90 percent of the year; the river discharge 
is greater than that amount). If the river has a fluctuating 
flow such that the Q90 is less than 10% of the annual average 
flow, the environmental high flow requirement considered 
equal to a 20% annual average. In the rivers where the Q90 
is between 10 and 20% and 20%–30% of the annual aver-
age flow, the amount of environmental high flow require-
ment considered equal to 15% and 7% average annual yield, 
respectively. In rivers, which have a steady flow, if the Q90 
exceeds 30% average annual yield, the environmental high 
flow requirement considered equal to zero (Table 2).
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Results and discussion

Estimation of environmental flows has great importance in 
management and planning of water resources allocation, 
and different methods have been introduced in this regard. 
Hydrological methods of Tennant, flow duration curve, 
Smakhtin and low water flow indexes used in this research. 
Given that the estimation of the environmental flow in the 
river is carried out and analyzed by considering the mean 
annual flow and mean monthly flow, the annual and monthly 
mean of flow amounts are presented in Table 6.

Different percentage of mean annual flow is suggested 
as an environmental flow in Tennant method. These per-
centages are subject to the desired ecological conditions as 
well as the time over the year (two six-month periods). In 
most studies, fair or degrading conditions used to allocate 
the minimum logical values for the environmental flow. 
According to these conditions, 10% of the mean annual flow 
during the period from October to March and 30% of the 
mean annual flow in the period from April to September 
is considered as the environmental flow, which is based on 
the discharge of 8 and 24 cms has been determined as the 
environmental flow in the periods from October to March 
and April to September, respectively. Considering the ratio 
of environmental flow per month to the mean monthly flow 
of that month, appropriate information on the time pattern 
of the assigned values of the environmental flow can be 
obtained. These ratios are presented in Table 6 for the Ten-
nant method. A review of these values suggests that this ratio 
is in the range of 7.4%–100% in different months of the year. 
Accordingly, in the months of August and September, almost 
all the mean monthly flow should be allocated to the envi-
ronmental flow, and in the month of July, a large part of the 
mean monthly flow is allocated to the environmental flow, 
which this allocation will not be possible in practice. On the 
other hand, in the overflowing season during the year, the 
amount of environmental flow allocated to it is a very small 
amount of mean monthly flow, which does not seem logical.

In the method of flow duration curve, different flow dura-
tion indexes (range between Q50 and Q95) investigated. The 
results show that Q50, Q80, Q90 and Q95 indexes lead to 
environmental flow discharge estimation in the range of 

19–140, 10–60, 7–38 and 4–30 cms for different months of 
the year, respectively. Considering the ratio of the estimated 
environmental flow to the monthly mean flow per month, 
it is determined that this ratio in the Q50, Q80, Q90 and 
Q95 indexes is in the range of 68–94, 28–58, 18–48 and 
15–30%, respectively, with a mean of 86.1, 44.8, 30.8 and 
23.6%, respectively. Taking into account the declared values 
for various indexes and according to experts, the Q90 index 
selected because, on the one hand, the estimated values by 
this method are largely allocable, and on the other hand, 
it seems that these values can properly provide ecological 
needs. The application of the Q95 index has led to an envi-
ronmental flow estimation of 18–27 percent of the monthly 
flow in the watery period (February-April) and 29–48% in 
the low water period (August–October).

Hyfran and Easyfit used to calculate low water flow 
indexes. In this method, the minimum seven-day flow rate for 
the return periods of 2 and 10 years was investigated. Table 3 
shows the results of the return periods of 2 and 10 years. For 
a return period of 10 years, the discharge flow rate is equal to 
5.9 cms (equivalent to 7% of mean annual flow) and for the 
discharge of the return period of 2 years, the discharge flow 
rate is equal to 12.7 cms (equivalent to 16% of mean annual 
flow rate). Examining these values shows that the estimated 
value for the 7Q10 index is very small, far lower than the 
estimated values by other methods. The estimated value for 
the 7Q2 index is more than twice the value estimated by 
the 7Q10 index and appears to be relatively reasonable and 
usable according to the determined value. The ratio of the 
environmental flow rate estimated using the 7Q10 and 7Q2 
indexes to the monthly mean flow rates presented in Table 6. 
The analysis of this ratio for the 7Q10 index in different 
months shows that its value ranges from 3 to 28% is change-
able in different months(on average 12.3%), and during the 

Table 2   Estimating environmental high flow requirement (HFR) by Smakhtin method

Explanation Environmental low flow 
requirement (LFR) (Q90)

Environmental high 
flow requirement 
(HFR)

In basins with a variable regime, the flow is mainly created by the flood in the water 
season

10% MAR > Q90 HFR = 20%MAR
20% MAR > Q90 > 10%MAR HFR = 15%MAR
30% MAR > Q90 > 20%MAR HFR = 7%MAR

In basins with a constant regime-where the flow is constant throughout the year and low 
flow requirements are considered as the main component

30%MAR < Q90 HFR = 0

Table 3   The minimum flow of 7-Day with a return period of 10 years 
and 2 years

7Q2 7Q10 The hydrometric station under 
study

%MAR (cms) Q %MAR (cms) Q

16 12.7 7 5.9 DehMolla
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Table 4   Computational 
components for high 
environmental flow (cms in 
Smakhtin method)

HFR 30%MAR 20%MAR 10%MAR MAR Q90 Station

5.6 24 16 8 80 21.6 DehMolla

Table 5   Environmental water 
requirement of the studied time 
period by Smakhtin method 
(cms)

Station Mean annually rate low flow requirement high flow require-
ment

Environmental 
water require-
ment

(MAR) (LFR = Q90) (HFR) (EWR)

DehMolla 80 21.6 5.6 27.2

Table 6   Estimation of 
environmental flow with 
different methods

7Q10 7Q2 Smakhtin FDC(Q90) Tennant Discharge

% Q % Q % Q % Q % Q MMF Month

26 5.9 56 12.7 100 27.2 48 10.8 35.7 8 22.4 October
13 5.9 30 12.7 64 27.2 34 14.5 18.8 8 42.5 November
7 5.9 16 12.7 35 27.2 36.6 28.3 10.4 8 77.2 December
5 5.9 10 12.7 22 27.2 29 35.5 6.6 8 120.6 January 
4 5.9 9 12.7 19 27.2 27 38 5.7 8 140.2 February
3 5.9 7 12.7 16 27.2 18 31.5 4.7 8 167.5 March
3 5.9 8 12.7 16 27.2 19 30.9 14.8 24 162 April
6 5.9 13 12.7 28 27.2 29 28.3 25.1 24 95.6 May
10 5.9 22 12.7 47 27.2 31 18.3 41.5 24 57.8 June
19 5.9 40 12.7 87 27.2 37 11.6 77.2 24 31.1 July
24 5.9 52 12.7 100 27.2 29 7.1 99.6 24 24.1 August
28 5.9 60 12.7 100 27.2 32 6.8 100 24 21 September
12.3 5.9 26.9 12.7 52.8 27.2 30.8 21.8 36.7 16 80 Mean

Fig. 2   The monthly distribution 
of the environmental flow
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period from August to October, it contains more than 20% of 
the mean monthly flow. The ratio of estimated environmental 
flow by 7Q2 index to mean monthly flow varied range of 
7–60 percent (on average 26.9%) in different months. This 
ratio was more than 50% from August to October, and it 
means a significant part of the mean monthly flow devoted 
to environmental flow in the dry season.

As stated, the Smakhtin method uses two environmen-
tal low flow requirement components and environmental 
high- flow requirement to estimate the environmental flow. 
With the use of Smakhtin method in this study, the envi-
ronmental low flow requirement rate is equal to 21.6 cms 
and the environmental high- flow requirement is equal to 
5.6 cms (Table 4). Thus, in the Smakhtin method, the envi-
ronmental flow rate is estimated to be 27.2 cms (Table 5). 
Given that the mean annual flow rate is 80.8 cms, it is clear 
that the amount equivalent to 34% of the mean annual flow 
per month during the year is allocated to the environmen-
tal requirement based on the Smakhtin method. The ratio 
of environmental flow estimated by Smakhtin method to 
monthly mean flow in different months of the year is pre-
sented in Table 6. The minimum amount of this ratio is 16% 
in March and April, which have the highest monthly mean 
flow throughout the year. During the period from August to 
October, 100% of the monthly mean flow in the Smakhtin 
method allocated to the environmental flow, which is unac-
ceptable. In addition, in June, July and November, this ratio 
is 47, 87 and 64%, which is not possible to allocate this 
amount of water to the environmental flow in practice due 
to the agricultural conditions and exploitation of the river. 
The monthly distribution of the environmental flow and the 
monthly ratio of environmental flow to monthly mean flow 
(in percent) presented in Figs. 2 and 3, respectively.

Conclusion

There are different methods to estimate the river environ-
mental flow, and these methods fall into different categories 
in terms of complexity and time required for the survey. 
Hydrological methods are one of the easiest methods for 
estimating the river environmental flow, which, on the one 
hand, are simpler than other methods and require more lim-
ited data, and, on the other hand, the time required for the 
estimations carried out by these methods is not high and, 
therefore, can be used in early and fast evaluations. Due to 
the expressed characteristics, the hydrological methods of 
environmental flow estimates are widely used in developing 
countries. Hydrological methods are varied in the estimation 
of the environmental flow and are largely based on the analy-
sis of historical recorded river flow data. The application 
of various hydrological methods must be performed with 
enough care to lead to acceptable solutions, since various 
hydrological methods of estimating the environmental flow 
may lead to different and sometimes unbalanced solutions. 
In this study, to compare the hydrological methods of envi-
ronmental flow estimation, Tennant, Smakhtin, flow dura-
tion curve (Q90) and low flow indexes 7Q2 and 7Q10 used 
to estimate the environmental flow of Zohreh River in the 
southwest of Iran.

The results of the application of the Tennant method lead 
to the estimation of two monthly flows for two six-month 
periods (April–September and October–November). The 
comparison with the observational flow pattern shows, on 
the one hand, monthly mean river flow allocated to environ-
mental flow for two months of a year and, on the other hand, 
the pattern of allocated environmental flow is not consistent 
with the observational pattern. Therefore, the application of 

Fig. 3   The monthly ratio of 
environmental flow to monthly 
mean flow (in percent)
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this method in this study leads to an unreliable answer. The 
use of the Smakhtin method leads to the provision of a fixed 
amount assigned to the environmental flow throughout the 
year, which cannot be specifically consistent with the pat-
tern of river flow changes throughout the year. In addition, 
the application of the Smakhtin method in three months, 
all, and in the other several months, allocates a large part 
of the monthly mean flow to the environmental flow, so it 
is clear that this method also leads to unacceptable solu-
tions. The results obtained from the application of low flow 
indexes 7Q2 and 7Q10 lead to a constant value for the envi-
ronmental flow throughout the year so that the flow allocated 
by the 7Q2 index is almost twice the flow allocated by the 
7Q10 index. Although unlike Smakhtin method, the results 
of these two indicators do not result in the allocation of the 
entire monthly mean flow to the environmental flow in some 
months of the year, but like the Smakhtin method, cannot be 
in line with the pattern of the observational river flow, and 
this confines the use of them. Moreover, the estimated values 
for the environmental flow in this method also confirmed the 
results of the Caissie et al. (2015) study, which pointed to a 
significant underestimation of the 7Q10 low flow index, as 
compared to other methods. In any case, it should be noted 
that low water flow indexes have been developed for water 
quality issues and its application that has been taken into 
consideration by researchers in the environmental flow esti-
mation should be cautious, and this index should be used in 
addition to other methods. The results of the application of 
the flow duration curve (Q90) method indicate the allocation 
of acceptable values ​​to the environmental flow so that in any 
of the months of the year, the ratio of environmental flow to 
the monthly mean flow does not have unreasonable and inap-
plicable amounts. Also, by examining the in-year pattern of 
the environmental flow allocated by the flow duration curve 
(Q90) method and the monthly mean flow pattern, it is found 
that there is an appropriate fit between these two patterns. 
In other words, in this method, the allocated flow of envi-
ronmental requirement follows the river mean flow changes 
in dry and wet periods, and therefore, it can be expected 
that the results of this method are reliable. According to 
the results of this research, although the use of hydrological 
methods is unavoidable in many practical cases, it is better 
to use several hydrological methods to estimate the environ-
mental flow simultaneously and select the suitable method(s) 
for the study area based on the interpretation of the results.
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