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ABSTRACT

Introduction

In recent years, floods and droughts have emerged as global and devastating issues with
serious social, environmental, and economic impacts. This has led researchers to focus
more than ever on topics related to water resource development and their optimal
utilization. This issue becomes particularly significant during dry years when surface
water levels reach their minimum and during periods of high-water availability. It can
be said that both water scarcity and abundance are not only the result of global climate
change but also human activities. Reservoirs can alter natural regimes by causing spatial
and temporal changes in river flow. Dams, for example, can heighten the risk of
flooding by storing large volumes of water, which can lead to delayed peak flow times,
complicating downstream flood management and decision-making. Additionally, water
storage behind dams can significantly exacerbate water scarcity during droughts,
causing drastic changes to the natural flow regime. The occurrence of low flow and
high flow periods in watersheds is a part of a river's regime. In recent years, changes in
river flow and its intensification have impacted the production and utilization of river
flows as well as water management, making it an important area of study. Evaluating
various characteristics of the flow regime of natural rivers can help understand how
river discharge changes due to climatic factors and how it can be managed under
drought conditions. The flow regime of a river can be described using different indices
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Methodology

In this study, changes in high flow and low flow indices at the Baitas hydrometric station, which monitors a naturally
flowing river upstream of Mahabad Dam, were assessed for the period from 1963 to 2020. In the present study, flow
characteristics such as the duration of low-flow and high-flow periods, their frequency, the interval between these
events, and the total time of low-flow and high-flow occurrences were analyzed using the River Analysis Package
(RAP). The results can be used to analyze changes in the flow of natural rivers. For this purpose, the daily discharge
data from the Beytas hydrometric station were obtained from the Iran Water Resources Management Company. The
data used cover a 58-year period, and were converted into the format required by the software. In this study, the River
Analysis Package (RAP) used as a useful tool for quantifying environmental flow characteristics. The estimation of
these indices was carried out through the Time Series Analysis section. The input for Time Series Analysis must be
daily time series data, designed for daily flow data, but it can also be used for hydraulic or meteorological time series
data. The underlying algorithms for Time Series Analysis are based on rule-based models and quantitative models.
The time series analysis option in RAP enables the analysis of time series data for the entire period, multiple years,
different seasons, and months of the year.

Results and Discussion

The results indicated that the Number Spell index was 144 during high flow periods and 253 during low flow periods.
The Single Longest index was 1,635 for low flow periods and 163 for high flow periods. The average peak flow and
average duration of peak flow indices for high flow periods were 22.6, and for low flow periods, they were 0.33.
Additionally, the mean duration was 29.6 for high flow and 54.82 for low flow. According to the results, the total
duration index for high flow periods fluctuated between 3 and 163, while the total duration index for low flow was 241.
According to the results, the highest number of high-flow events occurred in 1987, followed by 2006, with a total of six
events. This trend has since declined, reaching just one high-flow event in the final year of the study period. Similarly,
the highest number of low-flow events, 12, was recorded in 1972 and 2009. This index has increased in recent years,
reaching nine in 2017 and six in 2020. The longest high-flow period, lasting 163 days, occurred in 1963, while the
longest low-flow period, lasting 366 days, was recorded in 1979. The highest average interval between high-flow events,
at 43.33 days, occurred in 1997, and the highest average interval between low-flow events was in 1994. The Beytas
watershed experienced its longest low-flow period in 1963. This index has fluctuated over the years, reaching 110 days
in 2020.

Conclusions

The findings of this study can be used to better understand changes in the natural flow regime, variations in the timing
and frequency of low and high flow events, and ultimately to optimize the management of inflow to Mahabad Dam.
Overall, the results of this study confirm the presence of variability and changes in the low-flow periods within the
Beytas watershed due to changes in the flow regime over different periods and the pristine nature of the river flow.
Based on the findings, it is possible to plan for the utilization of excess river flow during high-flow periods. It is worth
noting that the River Flow Analysis Package is capable of extracting annual and monthly discharge indices at different
stations, enabling water management actions based on low-flow periods and providing sufficient time for water control
and regulation during high-flow periods. The method used in this study can also be applied in other regions with
different climates to examine low-flow and high-flow periods.
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Table (3): High spell hydrological indicators extracted from the RAP model for the entire river flow data
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Table (4): Low spell hydrological indicators extracted from the RAP model for the entire river flow data
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Figure (2): Correlation between low flow indicators (a) Correlation between high flow indicators (b)
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Table (5): High and of low spell river flow indices extracted from the RAP model
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Figure (3): Changes in the values of low spell indicators extracted from the RAP model
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Figure (4): Changes in the values of high spell indicators extracted from the RAP model
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Table (6): annual indicators of high spell extracted from the RAP model
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Table (6) cont.: annual indicators of high spell extracted from the RAP model
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Table (7): annual indicators of high spell extracted from the RAP model
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Table (7) cont.: annual indicators of high spell extracted from the RAP model
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