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Obijective: The present study was conducted to investigate the effects of land use/land
cover changes on water quality in the Sattarkhan Dam reservoir in Ahar, Iran. The quantity
and quality of water resources are among the United Nations Sustainable Development
Goals (SDGs), as the availability of high-quality surface water is essential for human
health, the sustainability of agricultural production, and the integrity of natural ecosystems.
Changes in land use and land cover significantly influence both the quantity and quality of
surface water resources.

Methods: In this study, Landsat 5, 8, and 9 satellite imagery was acquired for the period
from 1994 to 2024 at ten-year intervals. Pre-processing, processing, and post-processing
operations were performed using ENVI 5.3, eCognition Developer, and GIS software.
Image analysis was conducted employing Object-Based Image Analysis (OBIA)
techniques.

Results: According to the obtained results, cultivated land exhibited the highest positive
change over the 30-year study period, increasing by 162.66 kmz?, which accounted for
approximately 28.35% of the total land use change. This increase occurred primarily
during the intervals of 2004-2014 (with an increase of 403.21 km? and an importance
index of 76.42%) and 1994-2024 (with an importance index of 45.77%). In contrast,
barren land experienced a substantial decrease over the same 30-year period, declining by
147.70 km?, corresponding to an importance index of 44.47%. This reduction was most
pronounced during the first and third intervals, namely 1994-2004 (a decrease of 325.28
kmz?, importance index of 19.6%) and 2014-2024 (a decrease of 8.29 km?, importance
index of 43.02%).

Conclusions: This analysis examined the trends of land use/land cover change in the
Sattarkhan Dam watershed in Ahar over the period from 1994 to 2024. The Sattarkhan
Dam was constructed in the year 2000, which may have played a significant role in the
spatial and land use transformations of the region. A comparison of changes before and
after dam construction revealed that, overall, following the construction of the dam, the
proportion of water-dependent land uses - such as fallow and cultivated agricultural lands -
increased, whereas the share of barren lands and rangelands declined during the first
decade after dam construction. The findings indicate that the expansion of built-up areas is
strongly associated with increased nutrient enrichment over the three decades, highlighting
the need for sustainable watershed planning and management to mitigate nutrient flux and
preserve the essential ecosystem services of freshwater systems.
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Introduction

The availability of high-quality surface water is essential for human health, sustainable agricultural production,
and the integrity of natural ecosystems. The quantity and quality of water resources are recognized among the
United Nations Sustainable Development Goals (SDGs) (Cheng et al., 2022). Land use change exerts profound
impacts on ecological processes, surface runoff, and the hydrological cycle, thereby influencing river water
quality (Guo et al., 2021). Consequently, attention to land use activities is of great importance in the context of
water quality assessment. Lakes and reservoirs provide a wide range of services for human well-being, including
drinking water, energy, fisheries, and recreation. However, these ecosystems are vulnerable to water pollution
phenomena such as eutrophication — one of the most critical water resource management challenges worldwide
(Bhagowati & Ahamad, 2019; Bonansea et al., 2021; Padedda et al., 2017). Although eutrophication is a
naturally slow process, it has been substantially exacerbated by anthropogenic activities, thereby increasing
health and developmental risks (Ferral et al., 2018; Le Moal et al., 2019).

In the present study, Landsat satellite imagery was employed to both map land use/land cover (LULC) and
model and reconstruct historical chlorophyll-a concentrations — one of the key indicators of eutrophic status in
aquatic environments — for the Sattarkhan Dam watershed in Ahar. This study seeks to address how the
information derived from temporal changes in water quality and LULC within the study area (the Sattarkhan
Dam watershed) can enhance our understanding of the impact of anthropogenic activities on the water quality of
the Sattarkhan Dam reservoir.

Data and Method

In this study, Landsat 5, 8, and 9 satellite imagery was acquired for the period from 1994 to 2024 at ten-year
intervals. Pre-processing, processing, and post-processing operations were performed using ENVI 5.3,
eCognition Developer, and GIS software. Image analysis was conducted employing Object-Based Image
Analysis (OBIA) techniques.

Results and Discussion

In this study, the trends of land use/land cover change in the Sattarkhan Dam watershed in Ahar were
investigated over the period from 1994 to 2024. Built-up areas and water bodies within the watershed exhibited a
continuous increasing trend throughout the study period. The expansion rate of built-up areas was 5.98% from
1994 to 2004, increased to 7.0% from 2004 to 2014, and subsequently declined to 2.47% from 2014 to 2024.
Water bodies exhibited the highest rate of change (15.18%) during the 1994-2004 period, followed by negligible
change between 2004 and 2014, and then an increase of 1.68% from 2014 to 2024 — the latter being primarily
attributable to the formation of the tailings dam of the Sungun Copper Mine upstream of the reservoir.

Agricultural land exhibited a fluctuating pattern. Its proportion increased from 13.49% (124.95 km?) in 1994
t0 20.64% (191.12 km?) in 2004, then decreased to 19.65% (181.91 km?) in 2014, and further declined to 19.13%
(177.12 km?) in 2024. The rate of increase from 1994 to 2004 (+5.29%) exceeded the rates of decline during
2004-2014 (—0.48%) and 20142024 (—0.26%), indicating an overall net increasing trend.

Barren lands exhibited a continuous declining trend over the 30-year period. The rate of decrease was 1.0%
from 1994 to 2004, slowed to 0.47% from 2004 to 2014, and then accelerated to 1.23% from 2014 to 2024.

Fallow lands decreased by 0.87% from 1994 to 2004, followed by increases of 0.62% and 0.21% during the
2004-2014 and 2014-2024 intervals, respectively, reflecting a net increasing trend in the latter half of the study
period. Rangelands exhibited a continuous decline until 2014, with rates of —0.82% (1994-2004) and —0.30%
(2004-2014); however, they increased by 1.95% from 2014 to 2024, indicating a trend reversal.

Conclusion

This study investigated the trends of land use/land cover change in the Sattarkhan Dam watershed in Ahar over
the period from 1994 to 2024. The Sattarkhan Dam was constructed in the year 2000, which may have played a
significant role in the spatial and land use transformations of the region.

Freshwater dam reservoirs are increasingly threatened by land use/land cover (LULC) changes, which lead to
eutrophication and the deterioration of water quality. This study presents an integrated remote sensing and
object-based image analysis (OBIA) approach to assess the impacts of LULC change on eutrophication
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dynamics in the Sattarkhan Dam reservoir in Ahar. Multi-temporal Landsat imagery (1994-2024) was employed
to classify LULC changes and to estimate chlorophyll-a concentrations.

A comparison of changes before and after dam construction revealed that, overall, following the construction
of the dam, the proportion of water-dependent land uses — such as fallow and cultivated agricultural lands —
increased, whereas the share of barren lands and rangelands declined during the first decade after dam
construction. The findings indicate that the expansion of built-up areas is strongly associated with increased
eutrophication over the three decades, highlighting the need for sustainable watershed planning and management
to mitigate nutrient loading and preserve the essential ecosystem services of freshwater systems.
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1. MODIS (Moderate Resolution Imaging Spectroradiometer)
2. MERIS (Medium Resolution Imaging Spectroradiometer)
3. Muzvezve
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