ECO HY DROTOGY

Online ISSN: 2423-6101
Home Page: https:/ije.ut.ac.ir

University of Tehran Press

Improving Flow Estimation Accuracy Through the Integration of
Hydrological Methods and Remote Sensing Data: Emphasizing the Role of
Soil Texture and Land Use in Unguaged Sites Located Hydrometric Data

Hafez Mirzapour!, Ali Haghizadeh®? "/, Mahdi Soleimani Motlagh?

1. PhD. student of Watershed Management Engineering Faculty of Natural Resources Lorestan University, Khorram Abad,
Lorestan, Iran. E-mail: mirzapour.lu@yahoo.com

2. Corresponding author, Associate Professor, Department of Range and Watershed Management Engineering, Faculty of
Natural Resources, Lorestan University, Khorramabad, Iran. E-mail: alihaghi20@gmail.com

3. Assistant Professor, Department of Range and Watershed Management Engineering, Faculty of Natural Resources,
Lorestan University, Khorramabad, Iran. E-mail: soleimani.m@Iu.ac.ir

Article Info

ABSTRACT

Article type:
Research Article

Article history:

Received July 22, 2024

Received in revised form
August 30, 2024

Accepted September 14, 2024

Available online September
22,2024

Keywords:

Lorestan,

Google Earth Engine,
Soil Texture,

SRCI,

Brightness Index,
sentinel

Objective: Effective water resource management in areas with limited hydrometric data
requires the application of innovative and integrated methods to examine hydrological
dynamics more accurately. This study investigates and analyzes how flow was estimated in
the sub-basins of the Dez in Lorestan Province.

Method: Initially, Sentinel-1 and 2 satellite data were used, along with SRCI and Bl
indices, to extract maps of soil textures, land use, and curve number (CN). Subsequently,
Relying on rainfall and discharge data from 1992 to 2023 and statistical analysis, the return
period of rainfall and flow for the studied sub-basins was calculated utilizing EasyFit
software. The flow for each sub-basin was estimated using the SCS method and
multivariate regression.

Results: The results indicated that multivariate regression, evaluated using the Durbin-
Watson statistic (1.74), the coefficient of determination (0.768), the mean squared error
(17.88), and the Nash-Sutcliffe efficiency (0.758) for a 2-year return period, was the most
suitable method for estimating flow at ungauged stations within the sub-basins of the Dez
River.

Conclusions: Overall, this research presents effective approaches for water resource
management and the optimization of hydrological in Lorestan Province, To optimize cost
and time efficiency, the use of multivariate regression for flow estimation in ungauged
hydrometric sub-basins is recommended.
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Introduction

Climate change and population growth have heightened the need for accurate and effective
planning in water resource management. Estimating surface runoff in ungauged basins is critical
for managing water resources, particularly in remote and underdeveloped regions. In these areas,
the absence of accessible measured data can impede informed decision-making concerning water
management strategies. Remote sensing, as an effective tool, has the potential to bridge these
information gaps and facilitate surface runoff estimation across various scales. This technology
provides precise imagery and data regarding environmental conditions, enabling comprehensive
analysis and modeling of runoff, thereby assisting decision-makers in achieving improved
outcomes in water resource management. The primary objective of this research is to enhance the
accuracy of discharge estimates by integrating hydrological methods with remote sensing data,
with a particular focus on the roles of soil texture and land use in ungauged basins.

Method

The study area encompasses the watershed sub-basins of the Dez River in Lorestan Province, Iran.
In this research, we initially relied on Sentinel-1 and Sentinel-2 satellite data, utilizing the SRCI
and Bl indices to extract soil texture maps, land use classifications, and Curve Number (CN) maps.
Subsequently, precipitation and discharge data from the years1992 t02023 were statistically
analyzed to compute the return periods of precipitation and discharge for the investigated sub-
basins, employing EasyFit software. Following this analysis, the discharge for each sub-basin was
estimated using the SCS method in conjunction with multivariable regression analysis.

Results

Soil texture was obtained using the Soil Quality Index (SQI) and Bulk Density (BD) indices, as
well as bandsll and12 of Sentinel-2, along with soil moisture data from Sentinel-1, all
processed within the Google Earth Engine platform. Subsequently, the percentages of clay and
sand were summed to derive the percentage of silt by subtracting from100%. Soil classification
was conducted in the Google Earth Engine according to the standards of the United States
Department of Agriculture (USDA).

Utilizing the methodology that integrates Sentinel-1 and Sentinel-2 satellite imagery within the
Google Earth Engine, the land use map was validated against ground reference points, achieving a
Kappa coefficient 0f0.80 and an overall accuracy 0f0.82. The Curve Number (CN) map was
generated based on the interaction between the land use map and hydrological soil groups.

Additionally, relying on30 years of precipitation data and statistical analysis, the return periods
for precipitation and discharge in the studied sub-basins were calculated using EasyFit software.
The discharge for each sub-basin was estimated using the Soil Conservation Service (SCS)
method and multivariable regression analysis.The results indicated that the multivariable
regression method, characterized by a Durbin-Watson statistic of1.74, a coefficient of
determination (R?) 0f0.768, a mean square error 0f17.88, and a Nash-Sutcliffe efficiency
coefficient 0f0.758, identified the2-year return period as the most suitable for estimating discharge
at unmeasured stations within the Dez sub-basins in Lorestan Province.

Conclusions

The findings of this study demonstrate that the application of remote sensing data and
hydrological methodologies serves as an effective approach for estimating surface runoff in sub-
basins lacking hydrometric data. The integration of soil texture information and land use
characteristics, coupled with a comprehensive analysis of precipitation patterns, significantly
enhances the capacity for estimating discharge. These results underscore the substantial potential
of remote sensing in improving the accuracy of runoff predictions and facilitating the efficient
management of water resources in less developed regions.
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