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Abstract

Although estuaries are considered as one of the most fertile ecosystems in the world, today they are under the
influence of various threats and one of them is hydrological changes. In this study, by using the IHA
hydrological change indicators, the changes in the hydrological regime in two statistical periods "natural
flow regime" and "altered flow regime" were investigated in Soleiman Tange and Kordkheil hydrometric
stations in Tejan watershed (Mazandaran province). Based on the IHA method, a total of 67 statistical
parameters have been estimated by "IHA7 software"; these parameters are divided into two groups of
indicators of (IHA) hydrological changes in the target range of (RVA) and the environmental flow
component of EFC. According to the results, the minimum days of flow in the period before the construction
of the dam is 227.5 days, while in the period after the construction of the dam, it is 48.5 days, and the
number of days when the minimum flow occurs before the construction of the dam is 351 days. It has
decreased to 286 days after the construction of the dam, so the annual limit flows in the Tejan River have
experienced disturbances and moderate changes. Considering that the change in the hydrological indicators
of the flow is mainly influenced by the construction of the dam, therefore the hydrological management of
the dam will have a great effect on the ecological condition of the Tejan river estuary.
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Introduction

Estuaries are known as the route between rivers and the sea. Water bodies that connect the mouth of a river
to the sea ecosystem. These bodies are among the most fertile natural areas in the world that connect the
salty water of the sea with the freshwater of the rivers and act as an ecotone. These unstable ecosystems are
exposed to constant physical, chemical, geographical and biological changes, and at the same time, in recent
decades, following the rapid growth of the population, the entry of industrial, domestic and agricultural
sewage, bridge construction, sand mining, overfishing, climate change, activities of ports and anchorages,
construction of dams, etc., this valuable transitional area has been destroyed. Among the mentioned
threatening factors, dams in the watershed, may have a major impact on the hydrology regime of estuary.
Therefore, in this study, the main goal is to investigate the hydrological changes and analyze the ecological
status of Tejan River estuary as a pilot. For this purpose, the software of Indicators of Hydrologic Alteration
(IHA Software 7.1) was used, which can improve the estimation of processes related to environmental flow
and facilitate the assessment of the natural conditions of water flow under the impacts of human activities.

Methodology/ study area

Tejan River is one of the important and permanent rivers of Mazandaran province. This river flows under the
Neka-Tejan basin in the east of Sari city and south of Neka and Behshar cities. Tejan River basin is 83.1 km
length with an area of 401.588 square kilometers and a perimeter of about 415 kilometers (Jafari,
1379)(Figure 1).
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Figure (1): Location of hydrometric stations in Tejan catchment area

Methodology/ experimental design

Hydrological statistics and preparation information regarding IHA method: In the present study, daily
discharge statistics were received from the Mazandaran organizations (i.e. Edareh Ab Manteghei Ostan
Mazandaran). To carry out this study, first, the daily discharge data of Soleiman Tange hydrometric station
(1333-1398), Kordkheil (1348-1398) were collected. To define the hydrologic shifts associated with Tejan
dam, we used a model, the Indicators of Hydrologic Alteration (IHA), developed by The Nature
Conservancy (Richter et al., 1996). This model uses daily discharges and calculates 32 indices that describe
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the hydrologic regime for that station (Table 1). The 32 indices generated by IHA comprise of five major
categories: (i) magnitude; (ii) magnitude and duration of annual extreme conditions; (iii) timing of annual
extreme conditions; (iv) frequency and duration of high and low pulses; and (v) rate and frequency of
changes in conditions. The 32 hydrologic characteristics were developed by Richter et al. (1996) because of
the close association with ecological functioning.

Table 1. Summary of Hydrologic Attributes by IHA

THA Group Hydrologic Parameter (units) Abbreviation
Median flow of April (m3/s) April
Median flow of May (m3/s) May
Median flow of June (m3/s) June
Median flow of July (m3/s) July
Median flow of August (m3/s) August
Group 1: Magnitude of Median flow of September (m3/s) September
monthly flows Median flow of October (m3/s) October
Median flow of November (m3/s) November
Median flow of December (m*/s) December
Median flow of January (m3/s) January
Median flow of February (m3/s) February
Median flow of March (m?/s) March

Annual 1-day minimum flow (m? /s)

Annual 3-day minimum flow (m? /s)

Annual 7-day minimum flow (m®/s)

Annual 30-day minimum flow (m3/s)
Annual 90-day minimum flow (m3/s)
Annual 1-day maximum flow (m3/s)

Annual 3-day maximum flow (m3/s)

Annual 7-day maximum flow (m3/s)
Annual 30-day maximum flow (m3/s)
Annual 90-day maximum flow (m3/s)

Number of zero-flow days
Base flow index (annual 7-day minimum flow
divided by annual mean flow)

1-day minimum
3-day minimum
7-day minimum
30-day minimum
90-day minimum
1-day maximum
3-day maximum
7-day maximum
30-day maximum
90-day maximum

Group 2: Magnitude
and duration of annual
extreme flows

Base flow index

Date of minimum

Group 3: Timing of
annual extreme flows

Julian date of annual 1-day minimum flow
Julian date of annual 1-day maximum flow

Date of maximum

Group 4: Frequency
and duration of high
and low pulses

Number of low pulses in each hydrologic year
Median duration of low pulses (days)
Number of high pulses in each hydrologic year
Median duration of high pulses (days)

Low pulse count
Low pulse duration

High pulse count
High pulse duration

Group 5: Rate and
frequency of
flow changes

Rise rate (Median of all positive differences
between consecutive daily values) (m> /s /day)
Fall rate (Median of all negative differences
between consecutive daily values) (m?/s/day)
Number of flow reversals

Rise rate

Fall rate

Number of reversals

Results and Discussion

The results showed that the fluctuations in the hydrological indicators of the Tejan River in the periods
before and after the construction of the Shahid Rajaei Dam indicate main changes in flow rate, and the
construction of this dam causes disturbance. According to the results, the minimum days of flow in the
period before the construction of the dam is 227.5 days, while in the period after the construction of the dam,
it is 48.5 days, and the number of days when the minimum flow occurs before the construction of the dam is
351 days. It has decreased to 286 days after the construction of the dam, so the annual limit flows in the
Tejan River have experienced disturbances and moderate changes.

By our modelling results and visits in the field as well as available literature, it can be stated that the
construction of dams causes the disconnection of the biological and genetic connection of the species
upstream and downstream of the dam, changes in the river bed and landscape and subsequent changes in the
aquatic habitat. Therefore, a double effort should be made to evaluate the ecological flow variables in
maintaining the connection between the flood plain and the river bed and the diversity of morphological
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habitats. Considering that the change in the hydrological indicators of the flow is mainly influenced by the
construction of the dam, therefore the hydrological management of the dam will have a great effect on the
ecological condition of the Tejan river estuary.
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