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Objective: This study presents an integrated framework for environmental flow assessment by
combining ecohydrological and hydraulic methods based on the reconstructed natural flow regime.

Method: Long-term hydrometric records from the Darerud River at the Moshiran hydrometric
station were analyzed. The natural flow regime was first reconstructed, after which environmental
flows were estimated using the Tennant, Modified Tennant, Tessman, Aquatic Base Flow, Flow
Duration Curve (FDC), Flow Duration Curve Shifting (FDC-Shifting), Desktop Reserve Model
(DRM), Range of Variability Approach (RVA), hydraulic Wetted Perimeter, and Water Quality
methods.

Results: The observed mean annual discharge of the Darerud River at the Moshiran station is 11.8
m3/s, whereas the reconstructed natural flow regime yields a mean annual discharge of 21.6 md/s.
Using the Tennant method, the required environmental flow is 2.2 m3/s during the first six months
of the water year, and 6.5 m3/s for the next six months. In contrast, the Modified Tennant, Tessman
, Flow Duration Curve Shifting (FDC-Shifting), and Desktop Reserve Model (DRM) methods
produce distributed monthly environmental flows that reflect the natural seasonal flow regime. The
corresponding mean annual environmental flows are 4.7, 10.7, 7.5, and 7.6 m¥/s. The Aquatic Base
Flow, Flow Duration Curve (FDC), hydraulic method (wetted perimeter curve slope), hydraulic
method (maximum curvature), and water quality methods estimate constant environmental flows
of 8.3, 6.3, 12.5, 8.9, and 8.1 m?3s, respectively. The Range of Variability Approach (RVA),

however, presents a yearly flexible environmental flow range between 9.6 and 27.6 md/s, rather
than prescribing a single discharge value.

Conclusions: The Modified Tennant, FDC-Shifting (Class D), DRM (Class B/C) methods are
considered to be more reasonable approaches for the Darerud River. These three methods present
the mean annual environmental flows of 4.7, 7.5, and 7.6 md/s, respectively, corresponding to 22%,
35%, and 35% of the mean annual natural flow regime. The Spearman rank correlation coefficients
are 0.99, 0.98, and 0.92, respectively. These three methods represent seasonal environmental flow
variability in consistent with the hydrological characteristics of the natural river system. The
findings of this study provide a flexible scientific tool for river management and the conservation
of flow-dependent ecosystems in the Darerud watershed.
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Extended Abstract

Introduction

In recent decades, increasing exploitation of surface water resources and the construction of
hydraulic infrastructures, such as dams and water diversion schemes, have substantially
altered the natural flow regimes of rivers. These alterations have directly and indirectly
affected the structure and functioning of river ecosystems, threatening the sustainability of
aquatic and riparian habitats. Consequently, the concept of environmental flows has become a
fundamental component of sustainable water resources management and strategic water
resources planning. Environmental flows refer to the quantity, timing, and quality of water
flows required to sustain freshwater and estuarine ecosystems, together with the ecological
processes, biodiversity, and ecosystem services that depend on them.

Method
The present study aimed to estimate environmental flow requirements using integrated

ecohydrological and hydraulic approaches based on the reconstructed natural flow regime of
the Darerud River in the Aras Basin. For this purpose, 54 years of hydrometric records (1970—
2024) from the Moshiran hydrometric station were compiled, quality-controlled, and
corrected. The natural flow regime was then reconstructed by removing the effects of human
interventions to provide a reference condition for environmental flow assessment.
Environmental flow requirements were subsequently estimated using the Tennant, Modified
Tennant, Tessman , Aquatic Base Flow, Flow Duration Curve (FDC), Flow Duration Curve
Shifting (FDC-Shifting), Desktop Reserve Model (DRM), Range of Variability Approach
(RVA), Hydraulic-Wetted Perimeter, and Water Quality methods.

Results
The Tennant method, which is based on fixed percentages of the mean annual flow (MAF),

recommends environmental flows of 2.2 m3/s for the first six months of the water year and 6.5
m3/s for the next six months. In contrast, the Modified Tennant method uses the long-term
mean monthly flow instead of the mean annual flow, allowing environmental flow rates to
vary seasonally. Accordingly, the estimated environmental flows for October to September
are0.8,1.2,1.4,14,15,2.1,12.7,15.5,9.8, 1.6, 0.8, and 7.0 m3/s, respectively.

The Tessman method determines the environmental flows by comparing the long-term mean
monthly flow with the mean annual flow and applying predefined allocation rules. The
resulting environmental flows for October to September are 8.3, 8.6, 8.6, 8.6, 8.6, 8.6, 16.9,
20.7, 13.0, 8.6, 8.3, and 9.3 m3/s, respectively. The Aquatic Base Flow method defines the
environmental flow as the discharge of the driest month in the long-term natural flow regime,
yielding a constant value of 3.8 m3¥/s. Similarly, the FDC method adopts the Qqo flow rate,
resulting in a constant environmental flow value of 3.6 m?/s.

The FDC-Shifting method, with selected environmental management classe (D), estimates
monthly environmental flows of 1.5, 3.2, 4.7, 4.6, 5.6, 8.2, 14.9, 17.1, 125, 6.6, 2.1, and 8.7
m?3/s from October to September, respectively.
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The DRM estimates environmental flow according to the allowable level of hydrological
alteration from the natural flow regime. The corresponding environmental flows for October
to September are 4.5, 5.0, 4.5, 4.6, 4.9, 5.8, 7.9, 14.3, 115, 8.2, 5.3, and 14.4 m3/s,
respectively.

Unlike the previous methods, the RVA defines a flexible range of environmental flows rather
than a single value. The estimated lower and upper limits for October to September are 0.6—
5.5, 6.0-16.2, 7.5-23.3, 10.8-24.3, 11.8-24.2, 15.2-29.2, 23.1-51.9, 30.0-78.4, 8.3-49.3,
2.0-21.6, 0.3-4.5, and 0.2-2.4 m3/s, respectively.

The Hydraulic Wetted Perimeter method is based on the relationship between river discharge
and wetted perimeter. As discharge increases, the wetted perimeter initially increases rapidly
until reaching a breakpoint beyond which further increases in discharge produce only
marginal increases in wetted perimeter. This breakpoint is identified using two approaches.
The curve slope method estimates a constant environmental flow of 12.5 m3/s, whereas the
maximum curvature method recommends a constant environmental flow of 8.9 m3/s
throughout the year.

The Water Quality method defines environmental flow as the minimum discharge required to
maintain the most critical water quality parameter within the prescribed environmental
standard during the critical low-flow period. Using this criterion, the estimated minimum
environmental flow is 8.1 m3/s.

Conclusions

Comparison of the different methods indicated that fixed-percentage approaches tend to
oversimplify the required environmental flows, whereas methods based on the natural flow
regime provide a more realistic representation of the temporal variability required to sustain
riverine ecosystems. Accordingly, the Modified Tennant, FDC-Shifting (Class D), and DRM
(Class B/C) methods are the best selections for the Darerud River. These methods estimate
mean annual environmental flows of 4.7, 7.5, and 7.6 m?/s, respectively, corresponding to
22%, 35%, and 35% of the mean annual natural flow. The Spearman rank correlation
coefficients are 0.99, 0.98, and 0.92, respectively. These three methods represent seasonal
environmental flow variability in consistent with the hydrological characteristics of the
natural river system. The findings of this study provide a flexible scientific tool for river
management and the conservation of flow-dependent ecosystems in the Darerud watershed.
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