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Keywords ABSTRACT

Base flow, River Introduction

regime, Flow Duration Time series analysis of daily flow and assessing changes in various flow components
Curve, Balikhlouchai (maximum, minimum, and baseflow) are fundamental for identifying river regime
River, Khiavchai alterations. River flow regime alteration encompasses changes in various flow
River. components (high flows, low flows, and baseflow), timing, flow duration, and the

intensity of changes. The river flow regime can be influenced by various climatic and
anthropogenic factors, including land use changes, dam construction, flow diversion,
and water abstraction, leading to changes in available water and environmental flow
allocation patterns. Various tools have been developed for calculating flow regime
alteration indices, identifying trends, and detecting change points. Among these,
graphical and charting methods can clearly display changes in patterns and trends.
Programming in R is a powerful approach for hydrological data analysis, offering
valuable tools for data processing and visualization. The primary advantage of R
programming lies in its data analysis capabilities, reproducibility, and flexibility,
enabling the storage, modification, and adaptation of codes and analyses.
Methodology

This study compares the changes in flow regime components between two rivers, one
natural and one regulated by a dam, in Ardabil Province. Using R programming, various
charts, change point analysis, and significant temporal trends were derived for flow
Received: 2024/10/15 statistics, including high flow, low flow, and baseflow. To identify changes in flow
characteristics and create screening plots, including data plots, change point detection,
(eIl A0 and temporal trends for high flow, low flow, and baseflow data, various R packages
Published: 2025/04/19 were utilized, including FlowScreen, ggplot2, grwat, and baseflow. Additionally,
Gustard-type flow duration curves for the selected rivers were plotted and analyzed.
Furthermore, violin plots of monthly discharge values for the two studied rivers were
generated and analyzed.
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Results and Discussion

The results indicate change points in all three flow components (annual maximum, Q1o, Q2s, low flow, and baseflow)
in both natural and regulated rivers, with more pronounced changes occurring in the regulated river after dam
construction. In the natural Khiavchai River, high flow and peak discharge showed no significant trends, whereas in the
regulated Balikhlochai River, all flow components exhibited significant decreasing trends. The results indicated a
logarithmic distribution of monthly river discharge at the Pol-Almas station (before and after dam construction),
showing an increase in the frequency of discharge values below the median within the first quartile range. Consequently,
the mean monthly discharge decreased, and the data dispersion also changed following dam construction.

Conclusions

Comparison of flow duration curves and violin plots revealed substantial reductions in minimum flows and baseflows
in the regulated river, with monthly discharge distributions strongly influenced by dam regulation. Changes in the
natural river regime were influenced by variations in snow storage on Mount Sabalan, alterations in snowmelt patterns
due to temperature changes, and a decline in precipitation (rain and snow). In contrast, changes in the flow regime
components of the Balikhlochai River resulted from the construction of the Yamchi Dam and the utilization of river
flow for drinking water supply in Ardabil, irrigation network support for the Yamchi Dam, and water allocation for
Lake Shorabil. Comprehensive evaluation of river regime changes and flow components enables prediction of trends
and effective water management for environmental flow allocation.
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Table (1): Important statistical characteristics of daily discharge data at two selected stations in Ardabil province
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Figure (1): The flow regime changes, change points, and variations in flow components at the Pol-Soltani station (a river with natural
flow)
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Figure (2): The flow regime changes, change points, and variations in flow components at the Pol-Almas station (a dam-influenced
river).
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Figure (3): Flow duration curve for the Pol-Soltani station with natural flow (a) and the Pol-Almas station with regulated flow (b)
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Figure (4): Violin plot comparing monthly discharge values at the dam-influenced station before and after dam construction (Pol-Almas
station)
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Figure (5): Violin plot comparing monthly discharge values at the Pol-Soltani station with natural flow (left) and the Pol-

Almas station with regulated flow (right)
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Figure (6): Violin plot comparing monthly discharge values at the Pol-Almas station with regulated flow (left, before dam construction)
and (right, after dam construction)
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