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Abstract—Water flow management is one of the most important 

parts of river engineering. Non-uniformity distribution of rainfall and 
various flow demand with unreasonable flow management will be 
caused destroyed of river ecosystem. Then, it is very serious to 
determine ecosystem flow requirement. In this paper, Flow duration 
curve indices method which has hydrological based was used to 
evaluate environmental flow in Gharasou River, Ardabil, Iran. Using 
flow duration curve, Q90 and Q95 for different return periods were 
calculated. Their magnitude were determined as 1-day, 3-day, 7-day 
and 30 day. According the second method, hydraulic alteration 
indices often had low and medium range. In order to maintain river at 
an acceptable ecological condition, minimum daily discharge of 
index Q95 is 0.7 m3.s-1. 
 

Keywords—Ardabil, Environmental flow, Flow Duration Curve, 
Gharasou River. 

I. INTRODUCTION 

HE construction of dams and subsequent downstream 
changes to both flow and sediment regime is one of the 

most profound anthropogenic impacts upon river ecology. 
Changes to the hydrologic regime include a decrease in flow 
volume, decrease in the magnitude, frequency and duration of 
flood discharges, a reduction and/or attenuation in seasonality 
of flows and change in the variability and predictability of 
flows [1]. Goals of inflow management extend from 
preservation of the extant aquatic system to its enhancement, 
and occasionally include restoration of the ecosystem that 
existed prior to human impacts. Such management goals 
require a means of determining the requisite environmental 
flows, based upon stream hydrology and the responses of 
aquatic organisms to their hydrological environment. 
Worldwide, an imposing literature has developed addressing 
various aspects of the technical problem of establishing a 
cause-and-effect connection of specific classes of organisms to 
specific characteristics of the hydrology of a stream [2]-[5]. 
The methods of environmental flow assessment are 
categorized in four groups which hydrological (desktop 
estimates) group is one of them. There are numerous 
methodologies in hydrological group as: Rapid Reserve 
Determination, Flow Duration Curves percentiles (FDCs), 
Range of Variability approach (RVA), VHI, BWE, Ecotype-
based Modified Tennant Method [3]. One of the common 
hydrological methods is Flow Duration Curve (FDC) which is 
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a convenient way of presenting hydrological frequency 
characteristics of a river flow. FDCs are widely used in 
hydrological practice. Vogel and Fennessey refer to several 
early studies related to the theory and application of FDC [6]. 
Searcy was possibly the first to summarize a number of FDC 
applications including the analysis of catchment geology on 
low flow, hydropower and stream water quality studies [7]. 
Male and Ogawa advocated the use of FDCs in the evaluation 
of the trade-offs among various characteristics involved in 
determination of the capacity of waste-water treatment plants 
including flow, flow duration, water quality requirements and 
costs [8]. Alaouze developed the procedures based on FDC, 
for estimation of optimal release schedule from reservoirs, 
where each release has a unique reliability [9], [10]. Estes and 
Osborn illustrated the use of FDC for the assessment of river 
habitats in estimation of instream flow requirements [9]. 
Hughes et al. developed an operating rule model which is 
based on FDCs and is designed to convert the original 
tabulated values of estimated ecological instream flow 
requirements for each calendar month into a time series of 
daily reservoir releases [11]. A review of numerous possible 
applications of FDCs in engineering practice, water resources 
management and water quality management is given by Vogel 
and Fennessey [12]. According to the lockage of related 
information, four above mentioned hydrological methods were 
used to evaluate environmental flow in Gharasou River, 
Ardabil, Iran (Fig. 1). 
 

 

Fig. 1 Gharasou catchment and Samian hydrometric station 

II. MATERIALS AND METHODS 

A. Flow Duration Curve Indices Method 

Flow duration curve is a graphical presentation of river 
discharge from low flows to flood events. On the other hand, it 
shows the relationship between magnitude and frequency of 
flow discharges. Various indices may be extracted from FDC. 
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