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This research aims to develop an integrated hydroinformatics framework to
improve the accuracy of hydraulic flow modeling and water resource
management. It investigates the integration of Remote Sensing (RS) and
Geographic Information System (GIS) technologies. Focusing on the Karkheh
River Basin, the research methodology comprises five main stages: satellite data
collection (such as Sentinel-2 and ALOS PALSAR DEM), automated extraction
of hydraulic parameters through image processing, development of an integrated
model in HEC-RAS, uncertainty analysis using the Monte Carlo method, and
performance evaluation with NSE, R?, and RMSE indices. The current study
demonstrates that integrating these technologies can fundamentally transform
and improve the quality and efficiency of hydraulic models. The research
findings indicate that using satellite data alongside spatial analyses provides
deeper insights into the behavior of water systems. This integrated approach not
only enhances prediction accuracy but also significantly improves the reliability
of modeling results. The main advantage of this method lies in its ability to cover
vast areas and provide access to up-to-date and continuous data. Another strength
of this research is the high adaptability of the proposed method. This study
clearly shows that the hydroinformatics approach can bridge the gap between
observational data and modeling needs. Utilizing these technologies not only
improves the quality of model outputs but also facilitates the decision-making
process in water resource management.
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Extended Abstract

Introduction

Water resource management in the 21st century
faces unprecedented challenges, driven by
climate change, population growth, and
escalating economic and  environmental
demands. Conventional methods for hydraulic
modeling and water management, often reliant on
sparse and costly field measurements, struggle to
provide the spatial extent and temporal frequency
required for accurate forecasting and effective
decision-making. This is particularly critical in
regions prone to hydrological extremes, such as
floods and droughts, where precise and timely
data is essential for risk mitigation and resource
allocation. To bridge this gap, this research
proposes and develops a comprehensive
integrated hydroinformatics framework. This
framework strategically leverages the synergistic
capabilities of Remote Sensing (RS) and
Geographic Information Systems (GIS) to
fundamentally enhance the accuracy, efficiency,
and scope of hydraulic flow modeling and
agricultural water management. The study is
strategically focused on the Karkheh River Basin
in Iran, a complex and economically vital
catchment that exemplifies these modern water
management challenges, including severe flood
risks, significant morphological changes due to
sedimentation, and inherent data scarcity in
certain areas.

The core objective of this research is to harness
the power of multi-temporal satellite data-
providing repetitive, synoptic views of the Earth's
surface and combine it with advanced spatial
analysis and hydraulic modeling. By doing so, the
study directly addresses critical limitations of
traditional approaches. It aims to significantly
reduce uncertainties in model input parameters,
create more reliable and robust predictive models
for flow behavior, and ultimately establish a
sophisticated, data-driven support system for

sustainable and adaptive water resource
management strategies.

This work positions itself at the intersection of
geospatial technology and hydrological science,
contributing to the evolving field of
hydroinformatics by offering a practical, scalable
methodology for managing the

world's precious water resources in an era of
increasing uncertainty.

Methodology

The research methodology is based on a five-
stage hydroinformatics framework. In the first
stage, satellite data (such as Sentinel-2, Sentinel-
1, and ALOS PALSAR DEM) were collected and
pre-processed using platforms like Google Earth
Engine (GEE) and ENVI software. Atmospheric
and geometric corrections were applied to ensure
data accuracy. The second stage involved the
automated extraction of key hydraulic parameters
(e.g., river width, depth, slope, and roughness
coefficients) from the processed imagery using
machine learning (ML) algorithms and GIS-
based morphometric analysis. The third stage
comprised integrated model development, where
the extracted parameters were incorporated into
the HEC-RAS hydraulic model (v6.3). Model
calibration and validation were performed using
SWAT-CUP and field data from hydrometric
stations. In the fourth stage, uncertainty analysis
was conducted using Monte Carlo simulation and
Sobol sensitivity analysis to quantify model
uncertainties and identify the critical parameters
affecting the outputs. Finally, the fifth stage
involved performance evaluation, where the
model's accuracy was assessed using statistical
indices (NSE, R2, RMSE) and compared against
traditional methods. The model's capability to
simulate extreme events, such as floods, was also
tested.

Results and Discussion

The application of the integrated RS-GIS
approach demonstrated significant improvements
in the accuracy and efficiency of hydraulic
modeling. The use of high-precision DEMs (e.g.,
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ALOS PALSAR) reduced floodplain estimation
errors to below 13%, significantly outperforming
traditional sources like ASTER DEMs. Machine
learning models (e.g., LSSVM) achieved high
accuracy in flow prediction, with a coefficient of
determination (R2) of 0.8589 and a Root Mean
Square Error (RMSE) of 30.02 m?/s, surpassing
conventional statistical models (e.g., ARMA,
MLR). This framework enabled comprehensive
spatio-temporal  analysis of  hydrological
processes, including rainfall-runoff simulation,
snowmelt monitoring, and flood risk assessment
under changing land-use conditions.
Furthermore, significant cost and time
efficiencies were notable achievements, as
satellite data reduced reliance on expensive and
time-consuming field surveys, especially in
large-scale basins like Karkheh. Although
challenges such as data latency (due to cloud
cover), spatial resolution limitations for narrow
rivers, and high computational demands existed,
the proposed hybrid approach (combining limited
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