Hydrogeomorphology

Research Paper

Vol. 11, No.39, Summer 2024

Temporal analysis of river flow health index of the

Shahrchai river under the dam regulating effect

Raoof Mostafazadeh!’ Mostafa Zabihi Silabi?, Mohammad Kazemi?

d DOI1:10.22034/HYD.2024.60280.1726

Keywords

River flow regime,
Flow alteration,
Hydrological health,
Hydrological index,
Urmia Shahrchai dam

Receive Date: 2024/01/27
Accept Date: 2024/03/12
Available: 2024/07/14

This paper is an open access and licenced under the CC BY NC licence.

Refference to this article: Mostafazadeh, Raoof; Zabihi Silabi, Mostafa;
Kazemi, Mohammad. (2024). Temporal analysis of river flow health index
of the Shahrchai river under the dam regulating effect.
Hydrogeomorphology, 11(39): 100 — 118

ABSTRACT

The increasing human needs and changes in climate patterns have led to the
construction of water storage structures to meet the water demand in many regions
worldwide, including Iran. Consequently, the hydrological regimes of rivers in various
parts of Iran, due to human activities such as dam construction, have undergone
alterations in recent decades. Understanding the effects of dams on river hydrological
regimes is essential for river flow management and the preservation of river ecosystems.
In this regard, the present study assesses the changes in the health of the Urmia's
Shahrchai River flow during three periods: pre-dam construction, dam construction, and
dam operation, from 1951 to 2017, through calculating different flow health related
indices. The results indicate that the deviation of all hydrological health sub-indices in
the post-dam construction period is higher than the pre-dam construction period.
Moreover, the deviation of flow regime sub-indicators was predominantly low to
moderate until 1998 and varied from low to very high after 1998. Additionally, the
highest deviation of studied flow health-related indices occurred during the reference
and dam operation periods for flood occurrence and minimum monthly flow,
respectively, while during the dam construction period, it pertained to minimum
monthly flow. Furthermore, the findings suggest that the hydrologic health of Shahrchai
River flow decreased by approximately 16% and 45% during the dam
construction/operation periods, respectively, compared to the reference period. The
results of this study can be utilized in the understanding of flow alteration and the
sustainable regulation of the Shahrchai River flow regime.
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Introduction

The increase in population and changes in climate patterns have led to the construction of water storage
structures to meet the water demand in many regions worldwide, including Iran. Consequently, the
hydrological regimes of rivers in various parts of Iran, due to human activities such as dam construction, have
undergone alterations in recent decades. Understanding the effects of dams on river hydrological regimes is
essential for river flow management and the preservation of river ecosystems. The natural regime of river
flow plays a fundamental role in determining the structure and function of aquatic and riparian ecosystems,
and contributes to the stability of river channel habitats and floodplains. Changes in river flow regime not
only alter river habitat conditions but also affect the connectivity of different ecosystem components. These
changes have negative impacts on the hydrological and ecological services of the watershed, increasing the
vulnerability of stakeholders and users downstream. Therefore, in recent decades, multiple indicators have
been developed to assess the effects of human activities on changes in river flow regime and their role in
altering river ecology conditions. Evaluating river health can be used to estimate environmental flow and
quantify the amount, timing, and quality of water flow needed for the sustainability of river ecosystem,
contributing to the revival, protection, and optimal utilization of water resources.

Methodology

The present study assesses the changes in the health of the Urmia's Shahrchai River flow during three periods:
pre-dam construction, dam construction, and dam operation, from 1951 to 2017, through calculating different
flow health related indices. The Shahar Chay Dam in Urmia is an earth-rockfill dam with a clay core, standing
at a height of 84 meters above the riverbed, with a crest length of 550 meters, constructed on the Shahar Chay
River. The reservoir capacity of Shahar Chay Dam exceeds 221 million cubic meters up to the normal level,
with the Shahar Chay River being its main water source. The primary purpose of constructing the Shahar
Chay Dam is to supply water for drinking and agricultural needs. In this study, temporal changes in the Flow
Health index of the stream were calculated. The hydrological stream health score in the research is computed
based on variations in various criteria extracted from flow characteristics and monthly discharge. These
criteria include average monthly flow, maximum and minimum flows, temporal variations in minimum and
maximum flows, frequency, predictability of high and low flows, events, intensity, and frequency of flow
volume changes.

Results and Discussion

The results indicate that the deviation of all hydrological sub-indices (high flow, low flow, persistency and
seasonality) in the post-dam construction period is higher than the pre-dam construction period. Moreover,
the deviation of the studied indices from natural flow regime was predominantly low to moderate until 1998
and varied from low to very high after 1998. Additionally, the highest deviation in the studied hydrological
indices occurred during the reference and dam operation periods for flood occurrence and minimum monthly
flow, respectively, while during the dam construction period, it pertained to minimum monthly flow.
Furthermore, the findings suggest that the health of Shahrchai River flow decreased by approximately 16%
and 45% during the dam construction and operation periods, respectively, compared to the reference period .

Conclusions

The values of maximum flow volume index, maximum monthly flow, duration of minimum flows, seasonal
flow variations, and the occurrence of post-dam flood flows have deviated in all the years following the dam's
construction. Evaluating the hydrological changes in rivers flowing into Lake Urmia is recommended to
identify the extent of alterations in hydrological characteristics resulting from dam construction, land use
changes, and climatic factors. Furthermore, it is suggested that in future research, along with assessing the
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trend of changes in climatic variables, the contribution of human and climatic factors to the alterations in
hydrological health and related indices in the Shahar Chay River should be investigated. The results of this

study can be utilized in the understanding of river flow alteration and the sustainable regulation of the Urmia's
Shahrchai River flow regime.
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Table (1): River flow regulation impacts of river hydrology (Gippel et al., 2012)
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1 - High flow volume (HF) 6 - Persistently lower flow (PL)
2 - Low flow volume (LF) 7 - Persistently very low (PVL)
3 - Highest monthly flow (HM) 8 - Seasonality flow shift (SFS)
4 - Lowest monthly flow (LM) 9 - Flood flow interval (FFI)

5 - Persistently higher flow (PH)
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Figure (2): The range of changes in the health and hydrological health indicators of Shahrchai river flow, Band river gauge station
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Figure (4): Temporal variations of the Low Flow volume (LF) in Shahrchai River across different periods
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Figure (5): Temporal variations of the Highest Monthly flow (HF) (top), and Lowest Monthly flow (LM) (down), in Shahrchai River
across different periods
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Figure (6): Temporal variations of the Persistently higher flow (PH) (up), and persistently lower flow (PL) (down), in Shahrchai River
across different periods
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Figure (4): Temporal variations of the Persistently very low (PVL) in Shahrchai River across different periods
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Figure (8): Temporal variations of the Seasonality flow shift (SFS) (top) and Flood flow interval (FFI) (down) in Shahrchai River across
different periods
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Figure (9): Changes in the average values of sub- indicators and flow health scores in Shahrchai River in different time periods
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