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Abstract

The Miankaleh wetland, one of the richest ecosystems in the north of Iran, has experienced an unprecedented environmental
degradation caused by overexploitation of the water resources and climatic changes in recent years. This research aims to
estimate the environmental water requirement (EWR) for the rivers that drain into the wetland. For this purpose, compre-
hensive data were collected through physiographic, climatic, hydrologic, ecologic, and field studies of the wetland and its
drainage basin. To estimate the EWR, we applied several methods including the Tenant, the Eco-deficit, the flow duration
curve, the Wetted-Perimeter method, and the physical habitat simulation model (PHABSIM) and the results were evaluated
based on the natural discharge of the rivers before retrogression of the Miankaleh wetland. Further, the results showed that
the consideration should be given to the Wetted-Perimeter and the PHABSIM Model for estimation of the EWR for the rivers
of the Miankaleh wetland given the seasonality of the rivers and hydroclimatic condition of the study area. The mean annual
EWR of the rivers was estimated between 0.12 and 2.03 m>/s, which is close to the values of the bank full flows. The current
discharge of the rivers are less than the estimated EWR, showing the discharge rates do not meet the water requirement for
aquatic species of the Miankaleh wetland

Keywords Wetland restoration - Environmental water requirement - The wetted-perimeter method - PHABSIM model

Introduction which are managed as part of the regulated water systems,

often require external water supplies to support their desired

Wetland, as a unique hydrologic feature of a landscape (US
EPA 2008), is one of the most vulnerable aquatic ecosystems
due to their seasonal fluctuations in water depth (Krasnostein
and Oldham 2004; Kate et al. 2020). These ecosystems,
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ecological role in the hydrosphere (Jia and Luo 2009). Wet-
lands act as a passing zone between aquatic and terrestrial
ecosystems and therefore contain characteristics of both
environments (US EPA 2008). Three hydrologic descriptors
are used for characterizing the hydrologic behavior of the
wetlands: the general wetland water level related to the soil
surface, the temporal variation of water depths and the resi-
dence, or travel time (US EPA 2008). There is also another
descriptor called hydropattern, which, according to King
et al. (2004), describes the variation of water depths over
time and space. All of the descriptors mentioned above are
influenced and controlled by hydrologic inputs and outputs.
Water discharge is the key driver of wetlands ecosystem pro-
cesses and exerts significant control on their environments
(Adhikari et al. 2019). Regarding that, the determination of
the flow required for hydrological and environmental pur-
poses is essential for environmental flow assessment.

The extent that an aquatic ecosystem can withstand the
environmental and hydrological stresses on its own is called
the aquatic ecosystem tolerance threshold or ecological
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threshold. The ecological threshold is the point at which a
relatively small change or disturbance in external conditions
causes a rapid change in an ecosystem. When an ecological
threshold is passed, the ecosystem may no longer be able
to return to its steady-state through its inherent resilience
(Groffman et al. 2006). For this reason, all aquatic ecosys-
tems need a certain amount of water to maintain their stand-
ard hydrological and environmental requirements (Akhtar
et al. 2020), which is called the environmental water require-
ment (EWR). According to Kinhill (1988), there are three
groups of methodologies for determining environmental
flow requirements: empirical methods, transect or passage,
and available habitat. Water budget components for charac-
terizing the behavior of wetland systems are precipitation,
evapotranspiration, groundwater recharge and discharge, and
the interaction between surface water and marine systems
(Brinson 1993). Nowadays, population growth and overuse
of aquatic resources in many parts of the world have caused
irreparable impacts on the function of wetlands ecosystems
(Cui et al. 2012; Anthonj et al. 2018; Pattison-Williams
et al. 2018). Thus, the issue of the eco-environmental water
requirement has become a hotspot of eco-environmental
studies (Cao et al. 2020). Moreover, alteration of the water
regime as a driving factor in wetland ecosystems results
in severe degradation of wetlands (Xu et al. 2017). Hence,
evaluation of the EWR is essential for wetland protection,
recovery, and restoration (Yang et al. 2012). In this regard,
providing the required water for wetlands can restore their
ecological conditions and can play a significant role in
improving their environmental performances.

Construction of dams and exploitation of water resources
has led many countries to provide methods for assessing the
EWR to preserve their aquatic ecosystems (Tharme 2003;
Malekmohammadi and Jahanishakib 2017). In Australia,
Arthington and Zalucki (2002) applied the holistic method
to determine the EWR of the Barker-Barambah River. The
holistic method is approved by the Ramsar International
Convention to determine the EWR of wetlands (Ramsar
handbooks 2010). The holistic method is one of the most
effective methods because it determines the natural hydro-
logical regime on an appropriate scale with considering
various factors such as climate, geomorphology, vegetation
cover and animals’ water requirements, and human interven-
tions (Arthington 1998; Pusey 1998).

In another research in Australia, Coletti et al. (2017)
applied an eco-hydrological model on a semi-arid salt-
affected wetland exposed to hydrological manipulation to
develop its salinity and vegetation dynamics. Yang (2011)
applied a hybrid method to determine the EWR of the
Yellow River wetlands. The purpose of their study was to
determine the optimal monthly water release into the Yel-
low River Delta wetlands to improve the livelihoods of their
riparian inhabitants. Yang et al. (2012) applied a combined
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method to investigate the relationship between water quan-
tity and water quality in Baiyangdian wetlands and deter-
mined its ecological water requirement. Sarhadi and Sol-
tani (2013) applied hydrological approaches for measuring
a required base flow for wetlands. They concluded that the
hydrological methods could dependably estimate the EWR
for wetlands in arid and semi-arid regions. Sajedipour et al.
(2017) estimated the EWR using an ecological approach
and concluded that the allocation of EWR is the most effec-
tive manner to protect wetlands. In another study in western
China, Ye et al. (2017) applied an ecological method based
on water depth frequency analysis to evaluate the impacts
of water depth fluctuations on the ecosystem of the Bosten
Lake wetlands. According to their results, in determining
and allocating the EWR, consideration should be first given
to, ecological characteristics of the ecosystem, and then
evaluation of the water quality.

This research describes the application and evaluation of
various methods to estimate EWR for the rivers that drain
into the Miankaleh wetland, which is located in the north
of Iran. The provision of the EWR will ensure the life of
wetland and native species. Miankaleh wetland is one of
the richest ecological havens in Asia and is home to many
native Caspian birds and reptile species. This wetland is also
an internationally recognized refuge for migratory birds. The
goal of this research is to estimate the EWR of the rivers
that drain into the Miankaleh wetland drainage basin. The
EWR of these rivers guarantees the life of the wetland’s
aquatic species. Further, to perform a comparative analysis
to identify the most suitable method for estimation EWR in
the study region.

Methods and materials
Study area

The study area is the Miankaleh Wetland (52°25'-54°02'E
longitude and 36°46'-36°53'N latitude) located in the
south—east extremity of the Caspian Sea in the north of
Iran (Fig. 1). The Miankaleh peninsula, with an area of
24,000 ha, is a relatively flat sand dune that separates Gor-
gan Bay from the Caspian Sea. The mean annual precipi-
tation is about 600 mm, and the mean annual temperature
of the region is 17 °C with a climate ranging from warm
semi-humid to temperate (Ghahroudi Tali et al. 2012). The
maximum, minimum, and mean elevations of the wetland
are —27, —20, and — 24 m, respectively. Miankaleh pen-
insula is one of the most important sanctuaries of wildlife
and water ecosystems of Iran in which human activities and
climatic changes of the past decades (Tehrani et al. 2018)
have significantly affected the structure and function of this
wetland. The Miankaleh region is of high importance for the
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Fig.1 a Location of the Miankaleh wetland, b the rivers of the wetland’s watershed

wintering of many rare species of migratory birds and the
breeding of native bird species during summer. Permanent
rivers that discharge into the wetland are Qarasu, Vatana,
Bagho, and Gaz rivers. With its natural characteristics, this
wetland is one of the most valuable vegetation and animal
habitats in Iran. The wetland also plays a substantial hydro-
logical and ecological role in the functioning of the coastal

systems. The Miankaleh wetland, as one of the world’s valu-
able ecosystems with a rich diversity of fauna and flora, has
been designated as a Ramsar site since 1975. The region
has a high cultural and educational position, and because of
its cultural heritage and historical and aesthetic structures,
it has been recognized by UNESCO as a biosphere reserve
(Seifi and Janbaz Ghobadi 2017).
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Estimation of the EWR for the Miankaleh wetland

The main objective in estimating the EWR of the Miankaleh
is to determine the minimum water, which guarantees the
continuation of the wetland life. Considering the fact that
the Miankaleh wetland is connected to the Caspian Sea,
the water depth fluctuations of the Miankaleh are a func-
tion of the Caspian Sea water level. The focus of this study
is on the water budget from adjacent rivers that drain into
the Miankaleh wetland. The effects of river discharge into
the wetland are mostly maintaining the salinity of the water
and the soil moisture and vegetation cover around the wet-
land, rather than the wetland water depth. We applied and
tested various methods, including hydrological methods,
hydraulic rating methods, and the Physical Habitat Simu-
lation (PHABSIM) model, to determine the environmen-
tal flow requirement of the wetland’s rivers. Hydrological
methods (Tennant, aquatics flow method, flow duration
curve (FDC), Eco-deficit method, and range of variability
approach method) undermine some critical components such
as habitat conditions, and most of them are not suitable for
the semi-arid and arid area. The hydraulic rating method
determines the river flow requirements of fish habitats, based
on time series analysis of the river flow data and identifying
its critical cross sections. PHABSIM model simulates the
relationship between river flow and the physical habitat of
the target species. This simulation is performed using the
physical structures of the rivers and river flow.

Hydrological methods

Methods based on hydrological indicators are the simplest
and the most widely used methods for estimating environ-
mental flow. In these approaches, it is assumed that plant and
animal species are accustomed to the natural hydrological
regime, and thus the rejuvenation of the ecosystem depends
on the renewal of the historical regime. In this method, the
environmental flow is determined either as a percentage of
the average annual flow rate of the river, or a flow rate with
a high frequency of exceedance on an annual, seasonal,
or monthly time scale from the FDC. In the present study,
hydrologic methods, including Tennant (1976), aquatics flow
method, FDC, Eco-deficit method, and range of variability
approach, were applied and evaluated.

Tenant or Montana is a simple method, according to
which the percentage of river flow (10, 30 and 60%) is con-
sidered as an ecological water requirement. In the aquatic
flow method, it is assumed that the average flow in the driest
month is sufficient for aquatic animals for a year unless the
additional flow is needed to meet and reproduction needs.
However, it should be noted that many rivers in Iran are
seasonal, and there is no stream flows in the dry seasons;
therefore, this method is not suitable for semi-arid areas.
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Flow requirements for rivers can also be extracted from
the FDC. The FDC is a cumulative probability distribution
of observed flow in a stream over a long period. The FDC
is represented by a plot that shows the percentage of time
in which the streamflow equaled or exceeded a given value
(Shaeri Karimi et al. 2012). Another method of hydrologi-
cal determination of the ecological water requirement is
the eco-deficit method. The concept of eco-deficit was first
expressed by Homa et al. (2005) as a method for assessing
the interactions between humans and EWR. First, the aver-
age annual FDC of the rivers is provided, which represents
the flows in a normal (average) year, and is the average of
several FDCs for the annual flow in a multi-year statistical
period. In this step, the FDCs of the natural and current
river flows of the rivers are presented. The area between the
optional and natural river flow diagrams is called eco-deficit.
This area represents the net volume of water that is not avail-
able to meet intra-flow needs in the current flow state due to
water withdrawal. The range of variability approach is used
to calculate the degree of hydrologic alteration for each indi-
cator of hydrological alteration (IHA) and degree of habitat
alteration. In this method, the variability of river habitats
before and after dam construction is evaluated. Among the
observed rivers in this study, only two small dams have been
constructed over the Qarasu river, and there are no any other
reservoirs or dams for other rivers.

Hydraulic rating method

The hydraulic rating method was initially developed to deter-
mine the river flow requirements of fish habitats in the USA,
using time series data and by identifying the cross sections
of riffles. In this method, the river hydraulics is modeled
as a function of the flow, and the relationship between the
hydraulic parameters such as the Wetted-Perimeter method,
the depth, and flow velocity with the frequency of the tar-
get species is established. The target group is selected from
endangered species so that in the absence of this flow, a
significant reduction in the number of target species occurs.
The Wetted-Perimeter is the most commonly used approach
of the hydraulic rating method, and it assumes there is a
direct relationship between the wetted perimeter in a rif-
fle and fish habitat in the river. The target fishes (observed
fish species) of Miankaleh wetland include Leuciscus aspius
(Asp), Rutilus frisii (Kutum), Rutilus rutilus (Roach), Sander
Lucioperca (Pike-perch), and Cyprinus carpio. In this
method, first, the geometry of the riverbeds was simulated
using a GIS extension (HEC-GeoRAS add-on) and topo-
graphic maps with a scale of 1:1000. The geometry then
was entered into the HEC-RAS hydraulic model, and the
hydrological model of the rivers was constructed using field
studies by determining the discharge, cross sections, Man-
ning roughness coefficients, and river flow regime. Then,
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by using the hydraulic model, the wetted perimeter and the
discharge of the river sections were calculated, and using the
methodology presented in Fig. 2, the environmental water
flow at each section of the river was estimated. In Fig. 2, the
breakage or the breaking point (Breaking point is a singular
point of a plane curve with the property that two branches of
the curve end in it in such a way that each has a (one-sided)
tangent at the point different from the other) is the EWR.
Finally, for each river, different sections or places were stud-
ied, and the average values of all sections were presented as
the EWR for that river.

The PHABSIM model

The determining criteria in PHABSIM methods are the
physical parameters (e.g., water depth, velocity, tempera-
ture) of the river and their suitability for the target species.
The primary purpose of the PHABSIM is to establish the
relationship between the physical and the ecological fea-
tures of a river using the Habitat Suitability Index (CSI) and
weighted usable area (WUA). The EWR in this method is
determined based on the habitat sustainability curve (HSC)
and the flow rate of the river or the risk of flow violation
based on the Habitat Suitability Index (CSI) (Brooks 1997).
In PHABSIM method, each section is divided into a number
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Fig.2 The workflows of EWR estimation and the used methodology

of cells in terms of section variability. Then, for every
desired discharge, the suitability functions corresponding
to the river parameters are compared to the existing state of
each cell to define the cell suitability grade. Finally, the cal-
culated grades for each parameter are combined to estimate
the composite suitability index for each cell in the section.
The final estimated index that is used to determine the EWR
is called Weighted Usable Area (WUA), which is calculated
as the sum of the area-weighted products of point CSI for the
cross section or reach, where the area is that of the individual
hydraulic cells. WUA is calculated as follows:

WUA = [(ZA,- x CSU)/L] % 1000 )

where A, is the area of the cell i, CSI i is the habitat suit-
ability criteria of cell i, and L is the length. The desirable
conditions of the target fish habitats were investigated with
respect to the flow rate, flow depth and flow velocity, or the
riverbed conditions and nutrients of the rivers. Field studies
evaluated the rivers’ conditions. We applied the PHABSIM
model, which is one of the most important and most widely
used habitat simulation methods (Arthington 1998; Sajedi-
pour et al. 2017). One of the shortcomings of this method
is that the PHABSIM is limited to the habitat of fish spe-
cies and does not consider other aquatic animal and plant
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species. This model uses four hydraulic variables related
to the quality of the fish’s habitat, which was calculated by
field measurements. The hydraulic variables included in the
model are water depth, flow velocity, the substrate (the mate-
rials in the seafloor or riverbed, where aquatic organisms
are attached to or are part of it), and coverage (safe areas
in a river that preserves aquatic organisms from hunter).
Micro-habitats are small physical areas in different parts of
a river that are assumed to be directly related to the spatial
distribution of the studied species. This model predicts how
the change in flow rate would affect the water depth, water
velocity, and various aspects of the riverbed and the target
species. The habitat simulation method determines the opti-
mal flow of habitats by modeling the effects of flow variation
on aquatic habitats. In the process of modeling by habitat
simulation method, the studied sites were selected by tak-
ing into consideration of the hydrological, morphological,
geological features of the area and hydrological behavior of
the rivers. However, we only selected the rivers with avail-
able time series data from hydrometric stations. Then, the
initial hydrological model of the rivers was developed using
the geographic information system (GIS) and the HEC-RAS
hydraulic model. Additionally, field measurements, includ-
ing the height of watermarks, velocity, and depth of water,
the status of substrate materials, were conducted. Finally, the
hydrological condition of the rivers and the rivers basements
were simulated in the PHABSIM model, and according to
the purpose of the hydrological demands of the target fish,
the EWR of the rivers were estimated for different sections
of each river.

Fig.3 Estimation of EWR
using the Wetted-Perimeter
method

Pmax

Evaluation of the methods

In the present study, the criterion for evaluation of the meth-
ods for estimation of the EWR is the flow rate of the rivers
in their natural state (before the retrogression process) and
the bankfull flow of the rivers. Historical data were used to
determine the discharge before the wetland retrogression in
their natural state (without dams, reservoirs). When a river
has a bankfull flow in cross sections, it means that the river
is in good condition. Therefore, using the hydraulic model,
the average bank full flow for all sections of each river was
estimated. Finally, the estimated EWR was compared with
the bankfull flow and the mean natural flow to evaluate the
effectiveness of the methods. The workflows of EWR esti-
mation and the used methodology are given in Fig. 3.

Results

We applied and evaluated several methods to determine the
EWR for the rivers of the Miankaleh wetland, which have
led to different values for each river. The Tennant method for
the rivers of the Miankaleh wetland drainage basin did not
provide acceptable results (Shaeri Karimi et al. 2012). Many
of those rivers are dry in some seasons (spring and summer),
and the rest are in their minimum flow status. The estimated
values based on the Tennant method are less than 0.5 m?/s.
Also, for seasonal rivers, environmental flow requirements
do not exceed 0.1 m?/s.

The eco-deficit method also considers the average flow of
the river in the warmest month of the year or monthly mini-
mum flow. The EWR using this method was estimated at less
than 0.45 m®/s. Because a large number of observed rivers
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are the seasonal rivers, the Tennant and the eco-deficit are
not suitable for them. Further, based on the FDC, the EWR
of the rivers were estimated. The observed river discharge
over a long period with an occurrence probability of 90% is
estimated as EWR in the flow duration curve method. The
estimated maximum EWR based on the flow duration curve
for the Qarasu river was 0.47 m*/s. The natural flow and the
current river flow of the rivers were determined for modeling
purposes. The criterion for determining the EWR was the
natural discharge or discharge of the river without the effect
of reservoirs or dams. Among the selected rivers, only the
Qarasu river has two small dams built in the last decade.
The natural and bank full flow values of the Qarasu river
were determined and compared. Due to the small volume
of reservoirs behind these dams and the limited extension
of the dam’s watershed, the difference between the natural
flow and the current flow of the Qarasu river is insignificant.
On the other hand, statistics and detailed information about
the water withdrawal for this river are not available. There-
fore, the eco-deficit method due to the absence of a dam or
the absence of differences between natural and the current
river flow (FDCs, natural, and Current River flows) did not
provide acceptable results, and the estimated values were
negligible. In the present conditions, the discharge of the
rivers is significantly lower than that in the past. However,
it should be noted that the criterion in the eco-deficit method
is the difference between river flows in two modes of natural
flow (without reservoirs and structures) and the current river
flow (existence of reservoirs and structures), which is not the
case in the rivers in this study.

In the Wetted-Perimeter method, a hydraulic model was
run for the studied rivers. A sample of the simulated cross

section for the Qarasu river and water depth is given in
Fig. 4. Further, Fig. 5 shows an example of the wetted perim-
eter-flow curves. It should be noted that due to the necessity
of providing the EWR of the Miankaleh wetland, the study
sections in the Wetted-Perimeter method were determined
within a few kilometers of the outlet of the watershed, which
eventually end up to the Miankaleh wetland. Considering the
cross-sectional maximum flow and past flows, the Wetted-
Perimeter method showed relatively more acceptable results.
The estimated EWR based on this method is ranging from
0.6 to 2.6 (based on the turning point in the Wetted-Perime-
ter method), which is close to the values for the natural flows
and the bankfull flows.

PHABSIM model was used for simulating habitats and
finally to estimate EWR. The habitat desirability curves for
the target fish at younger stages, maturation, and spawning
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were presented for each of the observed rivers. Figure 6
shows an example of the desirability curve for Cyprinus car-
pio fish habitat for the stage of spawning in the Qarasu river.

The diagram of the discharge-weighted useable area for
the Rutilus frisii Kutum in the Qarasu river is given in Fig. 7.
Figures 8 and 9 show the diagram for the different lifetime
of Rutilus rutilus caspicus specie in the Qarasu and the Jafa-
kandeh rivers. In addition, the results of the simulation of
the PHABSIM model for EWR of the Qarasu river (target
fishes) for Rutilus frisii kutum and Rutilus rutilus caspicus
are presented in Tables 1 and 2, respectively.

After estimating the environmental flow requirements of
the rivers, it is necessary to examine the performance of the
methods and determine the optimal method (s). For this pur-
pose, the rivers’ normal discharge and the bankfull flow were
estimated and were compared with the estimated EWR for
each river. Figure 10 shows the comparison of the minimum
and average flows for the Qarasu river in its natural state
with the estimated EWR using different methods. The val-
ues of the EWR of the eleven studied rivers are presented in
Table 3. The methods without represented values in Table 3
indicate that the method does not provide an acceptable
result or does not have the ability to determine the EWR in
this particular climatic and hydrological conditions.
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Discussion

Meteorological and hydrologic studies of the Miankaleh
wetland drainage basin provide an overview of the sta-
tus of the hydrological balance of this area. The average
annual precipitation over the wetland is about 600 mm,
and the average annual evaporation is about 1000 mm,
which means that the evaporation rate is higher than pre-
cipitation (Tehrani et al. 2018). Considering the shallow
depth of the wetland, the higher evaporation rate causes
an increase in the salinity of the water and a severe threat
to the water depth of the wetland (Sahour et al. 2020).
Also, the discharge of rivers into the wetland is far less
than their normal state, and most of them are dry during
the spring and summer. Part of the water is being removed
from the rivers during their minimum flow state for agri-
cultural purposes. Therefore, the water balance of the wet-
land is negative, and the risk of drying is serious. Also, the
salinity of groundwater due to saltwater leakage caused by
groundwater depletion, made farmers shift toward using
the surface water for agricultural purposes in this area.
Therefore, we need to focus on providing the EWR of the
rivers. In this research, different methods of determining
the river’s EWR showed a different level of capabilities.
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Fig. 6 Habitat Sustainability Curve for the Cyprinus carpio fish during spawning stage in the Qarasu river (channel index or the river bed mate-

rials)
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In the Tennant method, the river’s environmental flow is
expressed as a percentage of the average annual flow of the
river at a particular site. In this method, the effects of human
activities (water extraction, dam construction, runoff due to
urbanization, etc.) should be eliminated for estimating the

rivers’ natural discharge. This method uses percentages of
annual average flow to determine the quality of fish habitats.
The estimated annual EWR values of the Tenant method
have a range between 0 and 0.55 m?/s for the studied rivers.
The Tennant method for seasonal rivers and especially in
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Table 1 EWR of the Qarasu river for the Rutilus frisii kutum during three stages of adult fish, juvenile fish, and spawning

Month Dis;:harge Adult fish Juvenile fish Spawning
(mls) WUA EWR (m¥s)  WUA (m¥1000m)  EWR (m’s)  WUA EWR (m’s)
(m%1000 m) (m%1000 m)

March 3.73 462.10 3.23 8334.44 3.08 826.60 3.07
April 2.81 338.89 238 6542.72 238 649.79 239
May 1.90 22931 1.62 4558.65 1.61 451.06 1.63
June 0.95 11438 0.82 2341.97 0.75 222.82 0.75
July 0.55 63.29 0.47 1374.56 038 128.67 039
August 0.45 51.62 0.39 1330.75 0.36 123.68 0.37
September 099 119.31 0.86 2438.09 0.79 231.99 0.78
October 1.08 130.34 0.93 2653.33 0.87 252.50 0.86
November 177 213.83 1.51 4260.30 150 42152 151
December  2.19 263.87 1.86 5224.05 1.87 518.66 1.89
January 225 27327 1.92 5361.51 1.92 53234 1.94
February 3.08 370.05 2.59 7080.07 2.59 702.86 2.60
Annual 118 21859 1.54 4352.01 153 430.60 155

the arid and semi-arid climate of Iran is not suitable because
it will come up with a very small value for EWR (Shaeri
Karimi et al. 2012). The benefits of the Tennant method
are its simplicity and ease of use and its low cost. On the
contrary, the disadvantage of this method is that the natural
variations of water (monthly, daily, and annual fluctuations)
are ignored, and only a minimum current flow is considered.
In semi-arid regions, rivers may be dry seasonally, and thus
the zero flow rate would be recommended as EWR, which
makes this method unsuitable for these climatic conditions.
Furthermore, in the Tennant or the Montana method, the
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relationship between the river discharge and the wetland
ecosystem wellness is not adequately investigated.

The aquatic flow method of aquatic animals has also
provided minimal values for EWR. Annual EWR based on
the aquatic flow method was estimated between 0 and 0.45
m?/s for the studied rivers. Many rivers are dry in the warm
seasons. Therefore, the estimation of EWR based on this
method would also be zero, which means that this method
is not suitable for the study area.

The flow-duration method has the same problem. This
method estimated the EWR of the studied rivers between 0
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Table2 EWR of the Qarasu river for the Rutilus rutilus caspisus in the stages of adult fish, juvenile fish, and spawning

Month Discharge Adult fish Juvenile fish Spawning
3
m’/s
(@7s) WUA (m*1000m) EWR (m%*s) WUA (m*1000m) EWR (m%s) WUA (m%1000m) EWR (m%/s)
March 3.73 3351.40 3.14 3339.73 3.18 10,559.14 3.02
April 2.81 2564.26 2.39 2498.57 2.40 8481.98 2.35
May 1.90 1753.09 1.62 1659.49 1.63 6149.74 1.59
June 0.95 882.97 0.79 792.61 0.82 3408.71 0.71
July 0.55 492.58 0.42 431.88 0.49 2043.32 0.27
August 0.45 446.60 0.38 333.50 0.40 2218.38 0.32
September  0.99 921.26 0.83 828.44 0.85 3542.81 0.75
October 1.08 1006.79 0.91 909.33 0.93 3837.23 0.85
November  1.77 1634.97 1.50 1539.83 1.51 5792.73 1.48
December  2.19 2017.15 1.87 1928.23 1.87 6937.54 1.85
January 2.25 2071.81 1.92 1984.06 1.93 7098.90 1.90
February 3.08 2798.05 2.61 2745.19 2.63 9119.83 2.55
Annual 1.81 1671.29 1.54 1576.56 1.55 5902.87 1.51
* Q@9
* —«— Mean (Q)
3.5 4
—x— Min (Q)
—a— ED
34 X —%— FDC
S —e— WP
2.5 —se— PHABSIM
2
1.5 4
>~ — — — — —— — —— — &
14 ;,K---'-""’_'>K
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Fig. 10 The mean monthly and annual discharges of the Qarasu river
and the estimated EWR using different methods. The Tenant method
is not applicable to the rivers in this study Note: ED: Eco-deficit

and 0.47 m¥/s for the studied rivers. Although this method
provides more acceptable values compared to the first two
methods, the results are not suitable for seasonal rivers. The
Eco-deficit method seems to be a more capable method for
the estimation of EWR in seasonal rivers. However, due to
the lack of reservoirs on the rivers and the construction of
only two small dams on the Qarasu river watershed, the dif-
ference in the volume of discharge caused by the construc-
tion of reservoirs is negligible, and therefore the estimated
values for this method also are not acceptable.

Among the hydraulic methods, the Wetted-Perimeter
method was used. The most important advantage of this

September October

November December January Fehruary Annual

method; FDC FDC method, WP the Wetted-Perimeter method (EWR
changes from 0.22 to 35 in the different sections and the mean is 1.3);
PHABSIM model

method is its simplicity and ease of use. This method esti-
mated the EWR of the studied rivers between 0.62 and 2.03
m?/s for the studied rivers. However, this method proposes
only a minimum base flow as an EWR, and the results
are entirely dependent on the study sites. The underlying
assumption is that the flow at the inflection point can guar-
antee a sufficient supply for fish, but this assumption has not
yet been proven.

PHABSIM method estimated the mean annual EWR of
the studied rivers between 0.12 and 1.63 m?/s for the stud-
ied rivers. According to the PHABSIM results, different
species of the target fishes have different EWRs. Further,
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Table 3 The mean annual

3 River Name Nos. PHABSIM The wetted- FDC method  Aquatic flow Tenant Method

v.alues of EWR~ (m/s) for the model Perimeter method

rivers of the Miankaleh wetland method

watershed
Gaz 1 0.12 1.06 0.06 0.09 0.04
Qarasu 2 1.54 14 0.47 0.45 0.55
Jafakandeh 3 0.57 0.62 0.03 0.01 0.01
Stino 4 1.38 1.6 * * *
Ab Soma 5 1.63 1.86 * * *
Karikandeh 6 1.13 1.35 * * *
Bagho 7 0.17 2.03 0.14 0.1 0.06
Nokandeh 8 1.51 1.66 0.47 * 0.01
Polic Rah 9 0.54 0.73 * * *
Baghokenareh 10 1.23 0.91 * * *
Vatana 11 0.83 0.86 * * *

“This method is not applicable for estimating EWR in the study area due to lack of permanent flow or dam

the EWR of a target fish will differ during three stages of
juvenile fish, adult fish, and spawning. Therefore, the final
EWR will cover a range of the optimum river discharges
for all of the target fishes and all of their life stages.

Based on the results of the present study, the Wetted-
Perimeter method and habitat simulation methods (PHAB-
SIM) are more reasonable and acceptable methods for this
region. The determination of the EWR does not solely save
the wetland from its critical situation. What is needed is
the discharging of the estimated water into the wetland,
which requires the management of water resources and
appropriate land use planning.

According to the results, by providing the ecological
water requirements of the rivers, the volume of water in
the wetland would be about 425 million cubic meters per
year (the sum of the EWR for the studied rivers). Rice
farms and fish farming pools with high water demands are
other drawbacks in allocating the EWR of the Miankaleh
wetland. Therefore, appropriate land use planning and
modifying rice farms and fish farms should be performed
in order to move toward achieving sustainable develop-
ment goals (Shah et al. 2020). The discharge of rivers into
the wetland would not increase the water depth of the wet-
land since the Miankaleh wetland is like a container that is
connected to the Caspian Sea, and the progression of water
is primarily due to the Caspian Sea water level change.
Providing the EWR of the wetland will be effective in
maintaining the salinity of the water, suitable habitat for
fish and birds, and the humidity of the coastal soil and
thus the survival of fauna and flora in the wetland. Finally,
soil moisture and seasonal water flow are other vital com-
ponents for protecting the Miankaleh wetland from soil
erosion and preserving the plant’s and animal’s habitats
(Gholami et al. 2018).
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Conclusion

Unfortunately, the Miankaleh wetland, like many other
wetlands in Iran, is at risk of drying for several natural
and anthropogenic reasons, including climate changes and
uncontrolled exploitation of water resources. Therefore, it
is crucial to take necessary measures such as determining
and meeting the environmental requirements and water
resource management to preserve these vital ecological
and hydrological resources.

Considering the arid and semi-arid climate of Iran with
multiple seasonal rivers, the use of hydrological methods
to determine the environmental flow requirements would
not be efficient, and consideration should be given to the
hydraulic methods and habitat simulation due to their
enhanced performances. Therefore, the hydrologic meth-
ods cannot be used for estimating EWR for Iran’s wetlands
or rivers. Considering the current conditions of the rivers
in the Miankaleh wetland drainage basin, it is expected to
see a further decrease in the water depth and increase in
water salinity, which is a severe threat to fauna and flora
in the region. An increase in the wetland water salinity
will cause wetland degradation and decreasing biodiver-
sity. Further, an increase in the rivers water salinity will
affect irrigated agriculture and adversely impacts on river-
ine ecosystems. For future studies, it is suggested to use a
comprehensive method to determine the EWR of wetlands
in Iran. However, the main issue still will be providing the
EWR supply for those wetlands.
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