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" Figure No 2: An overview of all assessment criteria for flow changes during the study period at the Pol Almas station
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Table No 2: An overview of all assessment criteria for flow changes during the study period at the Pol Almas station

Year (HF) (HM) (LF)  (LM) (PH) (PL)  (PVL)  (SFS) (FFI)  (FH)
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Figure No 3: Trend changes in health at the Yamchi station
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Figure No 5: Trend changes in health at the Gilandeh station
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Table 3: Results of the Mann-Kendall test for precipitation stations in the study area
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Abstract

Rivers, as complex and dynamic ecohydrological systems, play a key role in providing water
resources for various purposes, including agriculture, industry, and drinking water. Today,
socioeconomic activities and climate change have led to the degradation of river ecosystems and
alterations in their quantity and quality, making the restoration, conservation, and maintenance of
rivers essential (Song et al., 2015). Due to the spatial and temporal imbalance between water
resource availability and demand, in most parts of the world, including Iran, water storage,
maintenance, and regulation of natural flow are achieved through hydrological structures such as
dams. Water storage by dams leads to significant hydrological changes in the environment and
geological conditions (Mehta et al., 2012). In many countries, especially Iran, the imbalance in
the spatial and temporal availability of water resources and the demand for them has led to the
construction of hydrological structures, like dams, which can cause major changes in the structure
and function of river ecosystems (Rosenberg et al., 2000).

Keywords: Balikhli-Chay River, Flow Health, Discharge, Flow Health Software, Hydrological
Changes.

Materials and Methods

The present study aims to investigate and assess the hydrological health and flow changes of the
Balikhli-Chay River in Ardabil Province. Using daily discharge data from three hydrometric
stations Yamchi, Pole Almas, and Gilandeh from 1969 to 2019, the river flow health index was
analyzed using Flow Health software and the Mann-Kendall statistical test. This research relies
on daily discharge data from the three main hydrometric stations (Yamchi, Pol-e-Almas, and
Gilandeh), available from the Regional Water Authority and the Ministry of Energy. The
statistical period studied was selected between 1969 and 2019. Additionally, precipitation data
were collected from rain gauge stations within the river basin to examine the effect of
precipitation changes on flow discharge. The study utilized long-term data spanning 45 years,
allowing for an examination of health changes in the region, with health assessments obtained at
each of the studied stations over different intervals. Subsequently, for a more precise assessment
of health changes at each station, the results were analyzed graphically to examine any increase
or decrease in the health index. The Mann-Kendall test was applied to determine the statistical
significance of these changes. The choice of an extensive statistical period and hydrometric
stations with complete records is crucial for accurate analysis. Flow Health software, a credible
tool for evaluating the hydrological health of rivers, calculates various indicators, such as
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minimum and maximum discharge, flow persistence, and intensity, and estimates an annual flow
health score.

Results

The results show that among the stations studied, the Yamchi station, with an average flow health
index of 0.86, is in the best condition. This station seems to experience the least negative impact
from human interventions due to its geographic location and distance from industrial and
agricultural activities, resulting in greater stability. In contrast, the Pol-e-Almas and Gilandeh
stations, with flow health indices of 0.80 and 0.79, respectively, display less stability and more
variability. These changes, primarily due to overexploitation and the impacts of dam
construction, pose a serious threat to the ecosystems dependent on this river.

Statistical analyses and Flow Health software data revealed that the maximum flow persistence
index (PH) and the seasonal flow shift index (SFS) have shown significant fluctuations at
downstream stations. These fluctuations can lead to sudden flooding or seasonal droughts in these
areas. Additionally, the low flow persistence index (PL), which indicates flow stability during dry
periods, showed fewer changes at the Yamchi station, marking it as the most stable section of the
river throughout the study period.

Conclusion

In conclusion, the flow health changes at Yamchi station, with a score of 0.86, indicate the
highest flow health compared to other stations. For future studies, it is recommended to include
sediment data and additional parameters to achieve more precise results in assessing hydrological
flow health. To prevent further degradation, regular monitoring of hydrological flow health at
sensitive stations like Pol-e-Almas and Gilandeh should continue using advanced tools such as
Flow Health software. Additionally, unauthorized water withdrawals must be controlled, and a
sustainable water resource management plan should be developed for this area. Furthermore,
reviewing dam construction policies and optimizing water resource utilization is essential.
Implementing environmental restoration projects and adopting sustainable agricultural practices
will also improve the condition of these areas.
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