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Study of the environmental ﬂow of rivers, a case study,
Kashkan River, Iran
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ABSTRACT
Environmental ﬂow is an essential factor in the survival of river ecosystems. Growing populations
cause increased demand for water and a decrease in water available for habitat. The objective of this
study was to estimate the environmental ﬂow of the Kashkan River in Iran, where a dam is going to
be built. Due to a lack of ecological data in the area, and to allocate a reasonable value of ﬂow to
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environmental needs in the Kashkan River Basin, we applied several hydrological methods. We used
Tennant, aquatic base ﬂow (ABF), ABF of Maine, Hoppe, Arkansas and ﬂow duration curve methods.
We compared the results, and considered the estimated ﬂow reported by the Ministry of Energy of
Iran. We estimated the best value of environmental ﬂow was a minimum amount equal to or
exceeding 70% of the time (Q70) and a ﬂow equal to or exceeded 95% of the time (Q95). Results
indicated that Tennant is a suitable method for estimating the lowest value of ﬂow, and is higher than
the minimum values that should be allocated to the environmental ﬂow. The amount of
environmental ﬂow that needs to be allocated to the river in the mainstream and a tributary are
6–14.3 m3/s and 0.7–1.14 m3/s, respectively.
Key words

| aquatic base ﬂow, Arkansas, environmental ﬂow, ﬂow duration curve, Hoppe, Tennant

INTRODUCTION
One of the basic needs of all creatures, including humans, is

the required ﬂow monthly and annually. The sum of esti-

water, which plays a signiﬁcant role in survival and develop-

mated environmental ﬂows over a year represents a total

ment. However, population growth, economic development,

annual water volume, which could be allocated for environ-

food production and environmental pollution have raised

mental purposes (Smakhtin & Anputhas ; Kashaigili

concerns about access to fresh water. The natural environ-

et al. ). The EFR methodologies are divided into four

ment of a river is one of the most important ecosystems

main categories, namely hydrological, hydraulic rating, habi-

that need enough water to survive. The importance of allo-

tat simulation (or rating), and holistic. In this study, because

cating a secure proportion of water to the environment is

of the lack of ecological data, we focused on estimating the

recognized all over the world. Several methods are available

environmental ﬂow of the Khashkan River using several

for estimating the environmental ﬂow worldwide. The pro-

hydrological methods. These methods are simple, low-cost,

cess of developing environmental ﬂow requirement (EFR)

and rapid, with acceptable low levels of required data.

methodologies is more advanced in some parts of the

Due to these advantages as well as their acceptable accu-

world such as Australia, England, Japan and Portugal; how-

racy, they have been recommended in situations with no

ever, other countries such as Eastern Europe, much of Latin

or poor ecological data (Wallingford ).

America, Africa and Asia, appear to be poorly advanced in

The hydrological methods are often referred to as ﬁxed-

this ﬁeld (Tharme ). The EFR methods range from

percentage or look-up table methodologies, in which the

rapid ones to more comprehensive approaches that present

environmental ﬂow is a proportion of the natural ﬂow of
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the river (Cavendish & Duncan ; Milhous et al. ).

(River) Pelus, Toriman () applied a ﬂow duration curve

Tharme () and Smakhtin () reviewed many of the

(FDC) and 7Q10 in two stations on the river and indicated

well-established hydrological methods to derive ﬂow indices

that average daily ﬂows for the stations are 5.080 m3/s and

for gauged and un-gauged basins. Consequently, they found

11.391 m3/s, respectively. Morrison () assessed mini-

that hydrological methods are considered to be the most

mum stream ﬂow requirements in Southern New England

appropriate methodologies in cases of data scarcity,

rivers using aquatic base ﬂow (ABF) and wetted perimeter

especially ecological ones. The Gilan Regional Water Auth-

(WP) methods, and obtained stream ﬂows below the

ority in Iran applied the Tennant method and used 10% of

value estimated by ABF between 6–21% of the time and

mean annual ﬂow to estimate the instream ﬂow in the Seﬁ-

below the estimated value of WP ﬂow between 37–72% of

drud River’s basin (The Gilan Regional Water Authority

the time.

). Mulvaney & Park () used the lowest ﬂow of a

We studied the Kashkan River as one of the important

river for 7 consecutive days that would be expected to

rivers in Lorestan province, Iran, which covers one third

occur once in 10 years (7Q10), and used the Georgia,

of the province. The Lorastan Water Authority intends to

Arkansas and South Carolina methods to estimate the

construct a dam on the river to transfer water to other

environmental ﬂow of the Mississippi River, and found the

locations that encounter water scarcities. The Kashkan

7Q10 to be inexpensive and easy to apply. These methods

River has two main tributaries, the Horroud River and the

needed limited personnel hours and were inexpensive; how-

Aleshtar River. The river and its tributaries are the vital

ever, they were less accurate and effective. Generally, 7Qy is

source of water in the cities of Aleshtar, Khorramabad and

the lowest ﬂow of a river for 7 consecutive days that would be

Poldokhtar. The huge demand of water for human needs

expected to occur once in ‘y’ years. Masih et al. () studied

has caused damage to the ecological environment. We

the semi-arid Karkhe Basin by examining statistical par-

studied the Doab Veisian and Baraftab hydrometric stations

ameters, ﬂow duration characteristics and trend analysis to

on the river. Due to the shortage of ecological information

provide a comprehensive assessment of surface water

on the Kashkan River, hydrological methods are more

resources. They obtained different aspects that affect water

proper to use, as they are the simplest and involve the

resources in the region, and while available water is enough

least data intensive methods (Wallingford ).

to meet all demands, different factors will cause water scar-

Because the selection of suitable methods to estimate an

city in the region in the future (Masih et al. ). The

environmental stream ﬂow in a river is sophisticated,

Murray-Darling Basin Authority (MDBA) () used a repeti-

researchers have applied several approaches. Chen &

tive process to estimate instream water requirements in the

Chau () applied a prototype knowledge-based system

Lower Goulburn River, and developed site-speciﬁc ﬂow indi-

for model manipulation for the hydrological processes. In

cators (Murray-Darling Basin Authority (MDBA) ). In a

other research, Chau () developed a prototype ontol-

comparison of two methods of ﬂow duration curve index

ogy-based knowledge management system. He integrated a

(FDCI) and Stream ﬂow Drought Index in analyzing the

knowledge management system into a numerical ﬂow and

ﬂow of rivers by hydrological-environmental drought index,

water quality modeling using artiﬁcial intelligence (AI) tech-

Eslami & Shokouhi () selected the FDCI for Mediterra-

nology. He stated that the KM system could assist the user in

nean and semi-arid regions. In an effort to estimate the

the selection of a model and its parameters (Chau ).

instream ﬂow of the Foe Big Creek in Canada, Maunder &

In this study, we applied some common hydrological

Hindley () used several methods including the Tennant,

methods such as the Tennant, ABF, ABF of Maine, 7Qy,

Range of variability approach, Tessman and 7Q10. The

Hoppe, Arkansas and FDC methods to estimate the environ-

lowest ﬂow of a river for 7 consecutive days that would be

mental ﬂow of the Kashkan River. To determine the best

expected to occur once in 2 years (7Q2), and the lowest

value, we compared different amounts of ﬂow measured

ﬂow of a river for 7 consecutive days that would be expected

by different methods with the standards provided by the Ira-

to occur once in 5 years (7Q5) were also used to estimate its

nian Ministry of Energy (the Tennant method in its fair

instream ﬂow. Modeling the environmental ﬂow of Sg.

condition) and the minimum amounts of Q70 and Q95.
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We had some limitations, such as the lack of ecological

sandstones and siltstones. The accumulated sediments are

data, and time and budget constraints for the performance

low-sinuosity and low-gradient braided-river. The region con-

of sampling and collection of data. However, our case

sists of twelve lithofacies, three ichnosubfacies and seven

study was necessary because the construction of a dam on

architectural elements, with meandering characteristics rep-

the Kashkan River may change the ecological situation of

resented by overbank deposits and large bars (Yeganeh

the river. Therefore, we decided to estimate the environ-

et al. ). The mean annual ﬂow in the Baraftab station (a

mental ﬂow of the river by using hydrological methods. In

gauging station located in a tributary), which has a drainage

this regard, we used several common hydrological methods

area of 1,108 km2, is about 1.71 m3/s. The Doab Veisian

from different parts of the world to research our case study,

station (a gauging station located in the mainstream) has a

and used the studies of other researchers which estimated

drainage area of about 3,670 km2 with a mean annual ﬂow

the range of environmental ﬂow, to achieve the most accu-

of 30.42 m3/s. Table 1 and Figure 1 indicate the character-

rate results that were possible with the available data.

istics of the two stations in the rivers.

Study area: the Kashkan River
The study area is the Kashkan River, one of the most impor-

METHODOLOGY

tant subbasins of the Karkhe Basin in Lorestan province in
Iran. The Horroud river and the Aleshtar river are two tribu-

Different hydrometric stations were installed on the tribu-

taries of the Kashkan River that stem from the Takhte Kouh,

taries of the river, each having different lengths of data.

the Babahor and the Varkhash mountains. The drainage

We collected the required data from the Energy Ministry

2

area of the river is approximately 9,498 km , and most of

of Islamic Republic of Iran and the Lorestan Regional

the watershed consists of mountains and uplands with

Water Authority. The series of observed data, which were

poor vegetation (Allahyari Pour ). The ﬂow varies from

the mean daily ﬂow of the Kashkan River, covered 27

less than 0.5 m3/s to more than 190 m3/s, with an average

years (1978–2004) in the Baraftab station and 31 years

3

of 30 m /s. The mean annual precipitation ranges from 217

(1967–2005 with a gap between 1991–1998) in the Doab

to 740 mm/y in the mountainous parts and the average

Veisian station used in this study. These periods all have

value of temperature varies from –3 to 21 C across the Kash-

high-ﬂow (wet), low-ﬂow (dry), and normal river ﬂow con-

kan Basin (Negaresh et al. ; Tizro et al. ). The

ditions as shown in Figure 2. The data are a little old;

estimated water demand for irrigation, drinking and indus-

however, fresh daily ﬂow data were not accessible to the

trial needs in the study area are 1,325, 5.75 and 0.03

authors. The variability of the river ﬂow is also negligible

million cubic meters per year, respectively (Iran Water and

during the historical records. Therefore, using the available

Power Resources Development Co. ). Design and

data to estimate the environmental ﬂow of the river is accep-

W

implementation of a dam on the river are planned. The Kash-

table. The minimum ﬂow in a river can also be predicted by

kan formation is in the Zagros fold-thrust belt, with a

different methods such as neural network river forecasting,

2,000 km extension from southeastern Turkey to southwes-

interactive time series modeling and support vector

tern Iran, which is intercalated between two marine

regression (Cheng et al. ; Wu et al. ; Shahriari

limestone

Nia ; Taormina & Chau ). Table 2 indicates the

Table 1

|

formations

consisting

of

conglomerates,

Characteristics of the two hydrometric stations (Lorestan Regional Water Authority 2012; Ministry of Energy 2014)

River

Station name

Longitude

Latitude

Elevation, masla

Recorded length

Basin area (km2)

Madian Roud

Baraftab

47 740

33 420

780

1978–2005

1,108

Doab Veisian

47 970

33 590

960

1973–2004

3,670

Kashkan

W

W

a

Meters above sea level.
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Geographical location of the Kashkan Basin in Lorestan Province, Iran.

Figure 2

|

Annual ﬂow variations of the Kashkan River and its tributaries in selected EFR estimation periods.
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statistical summary of annual ﬂows in the Doab Veisian and

historical data are not available, regional equations can be

the Baraftab hydrometric stations.

developed, or a correlation can be established between the
basin in question and the surrounding basins. Little or no
ﬁeldwork is required for this method, its cost is considerably

HYDROLOGICAL METHODS

lower, and it is considered the simplest and quickest assessment technique. One of the downsides of using hydrological

Hydrological methods rely on historical ﬂow data recorded

methods, also referred to as ‘ofﬁce’ methods, is the fact that

at a hydrometric station on a river (Allain & El-Jabi ). If

aquatic biota is not taken into account when calculating
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The statistical summary of annual ﬂows in the Doab Veisian and the Baraftab Hydrometric stations
Mean

Annual runoff

Minimum

Maximum

Doab Veisian station

Baraftab station

Doab Veisian station

Baraftab station

Doab Veisian station

Baraftab station

Average (m /s)

30.42

1.71

6.02
September

0.71
July

84.11
March

2.95
April

Maximum (m3/s)

70.35

3.15

9.47
September

1.43
July

196.39
April

18.23
November

Minimum (m3/s)

11.21

0.65

1.57
August

0.09
July

27.36
April

0.91
February

Standard deviation

13.01

0.74

2.42
September

0.42
September

52.18
April

3.57
November

0.43

0.26

0.4
September

0.04
September

0.69
May

1.56
November

3

Coefﬁcient of variation

instream ﬂow values. We introduced some hydrological

mean annual ﬂow would cause the greatest changes in habi-

methods which are detailed in the following sections.

tat. The method is designed for application in streams of all
sizes, for cold and warm water ﬁsh species, as well as for
recreation, wildlife and other environmental resources (Aus-

Tennant method

tralian Department of the Environment & Chinese Ministry

The Tennant method (Tennant ), also referred to as the

of Water Resources ).

‘Montana’ method, is the most commonly applied hydrological technique worldwide (Tharme ). In developing the

FDC

method, Tennant () measured variables from hundreds
of gauged ﬂow regimens in 21 states. Tennant () pro-

An FDC is one of the most informative means of displaying

posed that certain ﬂows could achieve the maintenance of

the complete range of river discharges, from low ﬂows to

particular amounts of habitat (Table 3). Arthington &

ﬂood events (Smakhtin ). Using an average daily dis-

Zalucki () observed that a ﬂow range of 0–10% of the

charge data, FDCs are cumulative frequency distributions
that indicate the percentage of time that a speciﬁed discharge

Table 3

|

Critical minimum ﬂows required for ﬁsh, wildlife, and recreation in streams
identiﬁed by Tennant (Australian Department of the Environment & Chinese

is equaled or exceeded during a period of interest (daily,
monthly, annually, or the entire recorded period) (Pyrce
). An FDC can be calculated by ranking the river ﬂow

Ministry of Water Resources 2008)

data. The ﬁrst use of this curve was attributed to Clemens

% of mean annual ﬂow

Herschel in about 1880 (Foster ). A duration curve can

Description of ﬂows

Dry season

Flushing or maximum

200% of the mean annual ﬂow

using records for more than 20 years (Caissie et al. ).

Optimum range

60–100% of the mean annual
ﬂow

Smakhtin () indicated that the ‘design’ low ﬂow range

Outstanding

40%

60%

Excellent

30%

50%

Good

20%

40%

Fair or degrading

10%

30%

Poor or minimum

10%

10%

Severe degradation

0–10% of the mean annual ﬂow
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4. Summer (July 1–September 15): a ﬂow equal to the
August Q50.

the time.

5. Fall (September 16–November 15): a ﬂow equal to the
October Q50.

ABF method

6. Early winter (November 16–December 31): a ﬂow equal

The US Fish and Wildlife Service (USFWS) developed the

to the December Q50.

ABF method as a temporary policy for minimum stream

The above ABF ﬂow do not describe the environmental

ﬂows in New England (Özdemir et al. ). The USFWS

ﬂow that needs to be maintained in different rivers in Maine,

ABF method assumes that August is the month when the meta-

but indicate the level of ﬂow when no further abstraction of

bolic stress to aquatic organisms is at its highest and ﬂow

water is allowed (called ‘hands-off ﬂow’) (Linnansaari et al.

maintenance is vital. Considering existing adequate records,

).

the USFWS recommends that the median of the monthly
mean August ﬂows will be adequate throughout the year
unless additional ﬂow releases are necessary for ﬁsh spawning
and incubation. If spawning and incubation are issues, the
USFWS recommends ﬂow releases equivalent to the historical
median monthly mean stream ﬂow throughout the applicable
spawning and incubation period. Where inadequate records
exist, or for rivers regulated by dams or upstream diversions,
the USFWS recommends using 0.5 cfsm (cubic feet per
second per square mile). If spawning and incubation is concerned, the USFWS recommendations are 1.0 cfsm in the
fall/winter and 4.0 cfsm in the spring (Table 4) (Richardson
& Ridem ; Özdemir et al. ; Behrouzi Rad ).
Currently, the New England ABF method is used on a
more seasonal basis than the previous August Q50 (discharge equal to or exceeded 50% of the time). For
example, in the state of Maine, the ‘Seasonal ABF’ is determined as the median ﬂow for six different time periods or
‘seasons’:

The Hoppe method
This method was developed from studies on the Frying Pan
River, Colorado and estimates ﬂow requirements as percentiles on an annual FDC for salmonid species. Through
studies, researchers found that a ﬂow that is equal to or
exceeds 17% of the time is set for a 48-hour period to maintain ﬂushing ﬂows. A ﬂow that is equal to or exceeds 40% of
the time to protect spawning ﬂows is recommended. A ﬂow
that is equal to or exceeds 80% of the time to maintain ﬂows
for food production and aquatic cover is recommended
(Institute for Natural Systems Engineering, Utah Water
Research Laboratory, Utah State University ).
The biological rationale for this approach was adapted
for the Klamath River by using the monthly 40% exceedance
ﬂows to protect spawning and incubation for the September
through February period. A monthly 60% exceedance ﬂow
during the March through May period is needed to protect

1. Winter (January 1–March 15): a ﬂow equal to the February Q50.

incubating eggs. A monthly 80% exceedance ﬂow for the
June through August period is necessary for food production

2. Spring (March 16–May 15): a ﬂow equal to the April Q50.

and the protection of ﬁsh rearing habitats. Actual monthly

3. Early summer (May 16–June 30): a ﬂow equal to the June

exceedance values are utilized to preserve the character-

Q50.

istics of the natural stream patterns within a normal water
year (Evans & England ; Institute for Natural Systems

Table 4

|

Allocation of river’s environmental ﬂow in the ABF method

Engineering ; Serban ).

Season

Period

Standard mean
ﬂow

Assumed amounta
(cfsm)

Fall/Winter

11 Oct–30 March

February

1

Spring

1 April–30 May

April/May

4

From all of the methods that can be used to estimate practi-

Summer

1 Jun–30 Sep

August

0.5

cal and defendable EFRs all over the world, hydrologists

a

This is used when adequate data are not in hand.

Downloaded from https://iwaponline.com/aqua/article-pdf/65/2/181/398979/jws0650181.pdf
by guest

The Arkansas method

have found that technique varies from region to region

E. Shahriari Nia et al.

187

|

Study of the environmental ﬂow of rivers

Journal of Water Supply: Research and Technology—AQUA

|

65.2

|

2016

and state to state (Linnansaari et al. ). Consequently, a

The results showed that to keep the stream in its ‘excellent’

request was made for ﬁsh and wildlife instream ﬂow guide-

condition, we needed to allocate 30–50% of the average ﬂow

lines for 56 streams in Arkansas. The Arkansas method is

of the river to the environmental ﬂow. In this situation, the

based on the premise that the average ﬂow of a stream is a

ecosystem would be kept in a good condition.

composite of the size of the drainage basin, geomorphology
of the stream channel, climate, vegetation type and abun-

FDC

dance, and related land uses (Filipek et al. ). This
method divides the water year into three physical/biological

By ranking the river ﬂow data, we obtained the curves for

units or seasons. These units are categorized by the physical

the Doad Veisian and the Baraftab stations (Figure 3). As

processes that occur in the stream and critical life cycle

indicated by Figure 3, the curves are almost uniform and

stages of ﬁsh and other aquatic organisms inhabiting the

about 95% of the ﬂows in the Doab Veisian and the Baraftab

stream (Reiser et al. ; Davis ).

stations were less than 150 and 5 cubic meters per second,
respectively.

RESULTS AND DISCUSSION

The Arkansas method

We applied the ﬁve hydrological methods mentioned to the
sets of data. The speciﬁc instream ﬂow was calculated for
each of the ﬁve hydrological methods for each basin.
Table 5 indicates the results of estimating the environmental
ﬂow using different methods in the Doab Veisian station.
Estimating the environmental ﬂow can be classiﬁed
according to the following methods.

As indicated in Figures 4 and 5, a very high percentage of the
average ﬂow of the river should be allocated to environmental ﬂow. This ﬂow would make an ideal condition of
the stream ecosystem; however, because the Kashkan
River is one of the main water resources for the region,
this huge amount of ﬂow is not suggested because the life
of the people depends on this resource.

The Tennant method

The Hoppe method

Comparing the ﬂow with the mean annual ﬂow of the

In this method, we divided the year into three seasons and

stream, the year was divided into two wet and dry seasons.

allocated 80, 60 and 40% of the monthly mean ﬂow for

Table 5

|

The environmental ﬂow of the Kashkan River (mean monthly ﬂow) – the Doab Veisian station
Feb

Mara

Apr

Maya

3.0
6.1
9.1

9.1
12.2
15.2

9.1
12.2
15.2

9.1
12.2
15.2

9.1
12.2
15.2

Arkansas (m3/s)

18.2

27.8

50.5

57.4

Hoppe (m3/s)

12.1

18.5

50.5

49.2

4.4
8.8
14.3

4.4
8.8
14.3

4.4
8.8
14.3

ABF (Maine) (m3/s)

33.8

33.8

ABF (m3/s)

33.8

33.8

30.3

46.3

Jan
3

Tennant (m /s)

FDC

Fair
Good
Excellent

3

Q90 (m /s)
Q70 (m3/s)
Q50 (m3/s)

3

Monthly mean ﬂow (m /s)
a

Jun

Jul

Aug

Sept

Oct

Nova

Dec

3.0
6.1
9.1

3.0
6.1
9.1

3.0
6.1
9.1

3.0
6.1
9.1

3.0
6.1
9.1

3.0
6.1
9.1

3.0
6.1
9.1

27.8

9.0

4.2

3.2

3.0

4.2

8.6

15.7

23.9

10.3

6.7

5.1

2.4

3.4

5.7

10.4

4.4
8.8
14.3

4.4
8.8
14.3

4.4
8.8
14.3

4.4
8.8
14.3

4.4
8.8
14.3

4.4
8.8
14.3

4.4
8.8
14.3

4.4
8.8
14.3

4.4
8.8
14.3

33.8

67.5

67.5

10.6

6.3

6.3

6.3

6.3

6.3

17.7

33.8

48.0

48.0

48.0

6.3

6.3

6.3

33.8

33.8

33.8

84.1

82

39.8

12.9

8.4

6.4

6

8.5

14.3

26.1

The estimated value of ﬂow by ABF (Maine) method in the middle of the months of March, May and November varied from 33.8 to 67.5, 67.5 to 10.6 and 6.3 to 14.3, respectively in the

Doab Veisian station.
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Figure 3

|

FDCs in the Doab Veisian (a) and Baraftab (b) stations.

Figure 4

|

The environmental ﬂow of the Kashkan River – the Doab Veisian station.

Figure 5

|

The environmental ﬂow of the Kashkan River – the Baraftab station.
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each. Comparing the result of the Hoppe method to what we

As the table describes, the river has its highest ﬂow value

achieved by other methods, we describe the estimated value

in March and April and its lowest ﬂow value in August and

of each in the following paragraphs.

September.
Regarding Table 5 and Figure 4, the results indicate
that the estimated instream ﬂow using several methods

The ABF and the ABF (Maine)

is highly variable in the ﬁrst 6 months of the year, but

As indicated in Figures 4 and 5, the estimated value of

and 9 m3/s. During the ﬁrst half of the year, the Hoppe

these methods in more than 6 months of a year was

method, ABF, ABF (Maine) and the Arkansas method

in the second half of the year the ﬂow varies between 3

more than the monthly mean ﬂow of the Kashkan River.

describe the highest amount of ﬂow, and this ﬂow is an

The result is logically unsuitable, because the ecosystem

ideal ﬂow for the river’s ecosystem. However, allocating

of a river is adapted to the natural ﬂow of the river. As

this amount of water is irrational as the human population

mentioned previously, we used several methods from all

in this region is highly dependent on the ﬂow of the

over the world. Iran is located in an arid and semi-arid

Kashkan River for their drinking and agricultural needs,

region, and these methods were developed in humid

and allocating that amount of water to the ecosystem

regions of the USA where most of the rivers are perennial

does not leave an appropriate volume of water for

and have a high value of ﬂow from melting ice and snow.

human use.
Table 6 indicates the environmental ﬂow in the Baraftab

According to the Fattahpour et al. () study of the Seﬁdroud River, Iran, which achieved the same result as this

station. Figure 5 presents how the ﬂow varies from one

study, it was found that the ABF method is not suitable

month to another. As described in Figure 5, the river has

to use for rivers in arid and semi-arid regions as it overes-

its highest value of ﬂow in March and April and its lowest

timates the amount of environmental ﬂow, which can

value in August and September.

explain the excessive ﬂow estimates by these methods

Considering Tables 5 and 6 and Figures 4 and 5, Q90

for the Kashkan River (Morrison ; Fattahpour et al.

estimated the least amount of ﬂow, and the ABF and the

).

ABF (Maine) assessed the most amount of environmental

Table 5 and Figure 4 indicate how the estimated

ﬂow of the river. Similar to what we indicated in the esti-

environmental ﬂow of the river varies from one method to

mated instream ﬂow in the Doab Veisian station, the

another.

amount is highly estimated by the ABF, the ABF (Maine)

Table 6

|

The environmental ﬂow of the Kashkan River (mean monthly ﬂow) – the Baraftab station

Tennant (m3/s)

Fair
Good
Excellent

Arkansas (m3/s)
3

Hoppe (m /s)

Jan

Feb

Mara

Apr

Maya

Jun

Jul

Aug

Sept

Oct

Nova

Dec

0.51
0.68
0.86

0.51
0.68
0.86

0.51
0.68
0.86

0.51
0.68
0.86

0.17
0.34
0.51

0.17
0.34
0.51

0.17
0.34
0.51

0.17
0.34
0.51

0.17
0.34
0.51

0.17
0.34
0.51

0.51
0.68
0.86

0.51
0.68
0.86

1.12

1.42

1.72

2.07

1.01

0.59

0.36

0.36

0.43

0.65

1.5

1.27

0.75

0.95

1.72

1.77

0.86

0.67

0.57

0.58

0.34

0.52

1

0.85

0.32
0.84
1.18

0.32
0.84
1.18

0.32
0.84
1.18

0.32
0.84
1.18

0.32
0.84
1.18

0.32
0.84
1.18

0.32
0.84
1.18

0.32
0.84
1.18

0.32
0.84
1.18

0.32
0.84
1.18

0.32
0.84
1.18

0.32
0.84
1.18

ABF (Maine) (m3/s)

1.68

1.68

1.68

1.88

1.88

0.82

0.71

0.71

0.71

1.14

1.14

1.4

ABF (m3/s)

1.68

1.68

1.68

1.68

1.28

1.28

1.28

0.71

0.71

0.71

1.68

1.68

1.86

2.37

2.86

2.95

1.44

0.84

0.71

0.72

0.86

1.3

2.5

2.12

FDC

Q90 (m3/s)
Q70 (m3/s)
Q50 (m3/s)

3

Monthly mean ﬂow (m /s)
a

The estimated value of ﬂow by ABF (Maine) method in the middle of the months of March, May, September and November varied from 1.68 to 1.88, 1.88 to 0.82, 0.71 to 1.14 and 1.14 to

1.4, respectively in the Baraftab station.
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and the Arkansas methods in spring, fall and winter, and is

mainstream and a tributary, respectively. As illustrated in

overestimated by the Hoppe method in the spring.

Figures 4 and 5, the Q70 was higher than the mean

This study is the ﬁrst effort to estimate the instream ﬂow

monthly ﬂow of the river in the months of June to Septem-

for the Kashkan River. Therefore, we used the studies of

ber in the Baraftab station and July to October in the Doab

other researchers in our study. In this regard, Q95 and

Veisian station. The ecosystem of a river adapts to the

Q90 are the amounts that cannot provide sufﬁcient water

river’s condition and its monthly ﬂow over a long period

for the ecosystem. The environmental ﬂow should be

of time, and the best ﬂow for an ecosystem is the river’s

higher than Q90, otherwise the ecosystem will be in

monthly ﬂow (McCartney et al. ). Hence, we con-

danger and the quality of the river will deteriorate (Caissie

sidered the mean monthly ﬂow as the environmental

& El-Jabi ; Babu & Kumara ). In addition, the

ﬂow in the mentioned months (Figures 6 and 7).

growth rate of ﬁsh will signiﬁcantly reduce, and the long-

We suggested that it would be a good idea to consider

term effects on the ﬁsh population will be irreparable (Acre-

making regulatory structures to accumulate water to provide

man & Ferguson ; Armstrong & Nislow ). Smakhtin

enough water for human needs in the rest of the year. We used

() stated that ﬂows exceeding 70–99% of time are

several methods and achieved different amounts of ﬂow,

usually widely considered as design low ﬂows. As a result,

which were constant and variable in a year. We selected the

to protect the environment, we considered a ﬂow of below

Tennant method as the proper method to estimate the

Q70 as a threshold that disrupts ecosystems and the environ-

environmental river ﬂow because of the situation of the

ment, and ﬂows of more than Q70 to maintain ecosystems in

river and its ﬂow. We estimated an almost constant ﬂow of

a safe situation. We considered ﬂows that were estimated by

the river, although we had an exception in the Baraftab

different approaches that reached environmental ﬂows

station. While estimating the environmental ﬂow for October,

higher than Q70. Tables 7 and 8 present the estimated

we found that the lowest value of ﬂow that exceeded Q70 was

environmental ﬂows for the Doab Veisian and the Baraftab

calculated by the Hoppe method. Mohamoud () also

stations, respectively.

stated that the proper ﬂow of a river should be between Q70

As mentioned previously, we estimated the amount of

and Q40 to keep the environment in good condition and

environmental ﬂow of the Kashkan River in the two

save water for human beings. We checked if the estimated

hydrometric stations. Our results indicate that the suitable

ﬂow was in the mentioned range or not. Our results indicated

method to estimate the environmental ﬂow of the Kashkan

that, except for July to October in the Doab Veisian station

River is the Tenant method, as this method determined the

and June to September in the Baraftab station, the Q70 was

lowest amount of ﬂow that exceeds the minimum ﬂow of

higher than the average ﬂow. Our estimated ﬂow was between

Q70. Using this method, we allocated approximately 9

Q62 to Q65 for the Doab Veisian station and Q53 to Q60 in

and 0.86 cubic meters per second for the river’s

the Baraftab station.

Table 7

|

Environmental ﬂow of the Kashkan River – the Doab Veisian station

Month

Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sept

Oct

Nov

Dec

Environmental ﬂow (m /s)

9.1

9.1

9.1

9.1

9.1

9.1

8.4

6.41

6.02

8.45

9.1

9.1

Mean monthly ﬂow (m /s)

30.34

46.3

84.11

81.98

39.78

12.87

8.4

6.41

6.02

8.45

14.29

26.1

3

3

Table 8

|

Environmental ﬂow of the Kashkan River – the Baraftab station

Month

Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sept

Oct

Nov

Dec

Environmental ﬂow (m3/s)

0.86

0.86

0.86

0.86

0.86

0.84

0.71

0.72

0.86

1.14

0.86

0.85

Mean monthly ﬂow (m /s)

1.86

2.37

2.86

2.95

1.44

0.84

0.71

0.72

0.86

1.30

2.50

2.12

3
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|

Environmental ﬂow of the Kashkan River – the Doab Veisian station.

Figure 7

|

Environmental ﬂow of the Kashkan River – the Baraftab station.

Figure 8 indicates the approach that we used to estimate
the environmental ﬂow of the Kashkan River.

|
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0.4–8 m3/s for the Taleqan Dam (Gilan Regional Water
Authority ). In comparison with these allocated

Fattahpour et al. () estimated an amount of

amounts of ﬂow that took place in arid and semi-arid

12.7 m3/s environmental ﬂow of the Seﬁdrud river. Dubey

regions, reports of the Ministry of Energy of Iran for

et al. () found the Tennant method to be the acceptable

environmental ﬂows indicate that the Tennant method is

method for estimating the instream ﬂow of the Narmada

the suitable method for estimating environmental ﬂows.

3

River. They allocated amounts of 50.6–73.5 m /s at the

Therefore, using the Tenant method to estimate the Kash-

Sandia gauging site, 42.8–52.5 m3/s for the Barman site,

kan River’s ﬂow is rational and acceptable. In addition,

3

3

0.42–9.2 m /s for the Manot site and 0.71–4.05 m /s for

the advantage of our study in comparison with similar pro-

the Dindori gauging site of the river. Assessing the instream

jects is that we used several methods of assessment from all

ﬂow of the Qezel Ozan basin, the Gilan Regional Water

over the world and compared them to estimate the suitable

Authority used the Tennant method and estimated the

value of environmental ﬂow. We did not carry out a sensi-

3

amount of environmental ﬂow at 0.02–1.3 m /s for

tivity analysis, because only the amount of ﬂow was a key

the Gerami Dam, 0.11–6.2 m3/s for the Sahand Dam, and

parameter to compute environmental ﬂow.

Downloaded from https://iwaponline.com/aqua/article-pdf/65/2/181/398979/jws0650181.pdf
by guest

192

E. Shahriari Nia et al.

|

Study of the environmental ﬂow of rivers

Journal of Water Supply: Research and Technology—AQUA

|

65.2

|

2016

Comparing the results of different methods, we obtained
an instream ﬂow for the Kashkan River of about 6–14.3
m3/s in the Doab Vesian station and 0.7–1.1 m3/s in the

•

Baraftab station.
We reached our estimated value of the environmental
ﬂow that was proper for the Khashkan River. The
amount of ﬂow in the two stations was between Q70
(the threshold below which the amount of ﬂow disrupts
ecosystems and the environment) and Q40 (the low end

•

of medium ﬂow conditions).
The amount of environmental ﬂow for the Baraftab station
in the months of June to September and for the Doab Veisian station in the months of July to October was
estimated to be equal to the river’s monthly mean
ﬂow. Therefore, we suggest further studies to make a regulatory structure on the river to collect water in other
months to fulﬁll human needs for drinking and agricul-

Figure 8

|

The approach applied in this study to estimate the environmental ﬂow of the
Kashkan River.

•

Q95 and Q90 do not provide sufﬁcient amounts of ﬂow
for the ecosystem of the Kashkan River and the minimum
value of the ﬂow of the river should exceed Q70, which is

CONCLUSIONS
We used several methods to assess the environmental ﬂow

tural water.

•

the amount of the low ﬂow of the river.
Application of the ABF and the ABF (Maine) methods is

of the Kashkan River, Iran in the Doab Veisian and the Bar-

not recommended in this region as they overestimate the

aftab hydrometric stations. Our study was the ﬁrst research

environmental ﬂow for most of the year.

on the river.

•

It is recommended in situations that lack enough ecologi-

The most important limitation we encountered was a

cal data and feasibility studies of water dependent

lack of ecological data. Because of time and monetary con-

structures (such as weirs, dams, pump stations, etc.), the

straints, we were not able to monitor ecological sampling.

environmental ﬂow of a river be estimated by hydrologi-

Therefore, we suggest studying the estimation of the environ-

cal methods. In addition, during this phase and based

mental ﬂow of habitats and holistic methods, and comparing

on available data, future supplementary studies and

the result of those methods to our study. Other studies

their related ﬁeld surveys can be started. In this case

would be the consideration of ecological factors such as

study, we found that the Tennant method is suitable for

the type of ﬁsh, their ﬂow needs, their population and

the estimation of EFR.

other hydrological and water quality factors, the effects of
changes in water levels, quality of streams, and possible
changes in the ecosystem.
Considering the results and discussion on the environ-
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