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ARTICLE INFO ABSTRACT
. Flood hazard is one of the most destructive phenomena that affects human life
Article type: worldwide. Following the activity of a powerful rainfall system on March 17, 2019,
Research Article in the Gorganrood basin, a 500-yr flood occurred, and half of the Gorgan city was
inundated. This research was conducted to evaluate the operation management of the
Golestan Reservoir before the flood. To accomplish this study, the Landsat 8 satellite
Article History: images in the period of 2002-2023 and Sentinel 2 images one month before and after
Received 4 Augst 2024 the flood were processed in the Google Earth Engine (GEE) system. In total, 245
Revised 08 September 2024 images with monthly resolution were analyzed. Five indices of AWEI_sh, NDWI,
Accepted 09 September 2024 AWEInsh, WRI, and MNDWI were used to identify the water inundation area.
Published 10 September 2024 Results show that the AWEI_sh index had the best performance in terms of a kappa
coefficient of 0.985, overall accuracy of 90%, and accuracy of 100%. The results
showed that while the Golestan Dam reservoir experienced less than 50% full in 90%
Keywords: of the months (out of 245 months), this reservoir was 68% full two days before the

flood. The results of this study revealed that despite the announcement of orange-
level warnings by Iran’s Meteorological Organization in 5 days before the flood
event and also despite the efforts of the dam manager to exhaust the stored water in
the reservoir (33 percent empty volume), these actions have not been able to protect
the downstream areas of the dam from flooding. Therefore, in addition to the effect
of the dam on flood control, it is necessary to revisit the locations of the human
settlements downstream of the dams.
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Introduction

Hazards include a wide range of environmental events such as storms, floods, earthquakes, and forest
fires, as well as human-caused crises such as industrial accidents, pollution, and climate change (Zare
& Moghimi, 2023). Effective management of environmental hazards requires a multifaceted approach
that integrates scientific understanding, policy initiatives, community participation, and technological
innovations. In the meantime, flood is one of the most destructive phenomena that affects human life
globally (Kaya & Derin, 2023) and currently follows the effect of global warming on flood occurrence
(Wang et al., 2022). Dams and their reservoirs play a complex role in flood events because depending
on how they are managed, they can reduce or exacerbate flood risks. In this study, the role of the
Golestan Dam reservoir located in the Gorganrood River basin to control the flood event of March 18,
2019, was evaluated using remote sensing techniques.
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Materials and Methods

In this research, Lansat Collection 2 Tier 1 satellite images from 2002 to 2023 and Sentinel-2 satellite
one month before and after the flood event on 18 March 2019 were used to identify the water area of
the Golestan Dam reservoir. The Google Earth Engine (GEE) system is a cloud-based environment to
access general spatial data, including environmental variables, meteorology, climate and topography,
and land cover (Amani et al., 2020). The Kaggle web platform that provides a customizable user
interface called Jupyter Notebooks using the Python programming language (Tamiminia et al., 2020)
was used to interpret the obtained results. To reach the results in this research, 5 processing steps were
considered: In the first step, remote sensing optical images from the GEE system were processed and
finally the required databases were created. In the second stage, the identified indices of water areas
including NDWI, AWEIsh, AWEInsh, WRI, and MNDWI were implemented on the databases. In the
third step, the accuracy of the indices using the Kappa index, the accuracy coefficient, and the overall
accuracy coefficient were used to identify the index with the best performance for the extraction of
water areas. In the final step, the analyses were performed on the results of the most accurate index.

Results and Discussion

Golestan Dam reservoir between the years 2002 and 2023 was filled only once on May 4, 2012. This
reservoir was observed 34 times with zero active storage (the storage of the reservoir is in dead volume).
During the observed period, this reservoir experienced 4 times a storage of more than 70% of the total
reservoir storage and 192 times a storage of less than 30%. Also, satellite data show that since about a
month before the occurrence of the flood peak, the Golestan reservoir has been in a situation with more
than 60% of the reservoir volume during the entire observation period, so that only two days before the
occurrence of the peak flood (March 18), the reservoir of the dam Golestan was 70% full.

Conclusion

Effective management of reservoir operations is vital for efficient flood control. The results of this
study highlight the importance of reservoir management before occurring the flood event. While the
Golestan Dam plays an important role in storing the flood discharge, the downstream flooding of the
dam has increased the human risk. For this reason, the authors recommend that special attention
should be paid to the issue of environmental hazards in the matter of urban planning and development.
Moreover, avoiding the concentration of population in high-flood risk areas and changing the
construction process toward safe areas may reduce flood damage.
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