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Flooding is one of the most frequent and damaging natural disasters, causing
Accepted: widespread harm to ecosystems, infrastructure, and human lives. Rapid
20 April 2025

population growth, unplanned urban development, land use change, and
climate change contribute significantly to the increasing frequency and
severity of floods. Accurate runoff estimation and flood-prone area mapping
are critical in water resource management and disaster mitigation.

Keywords: Among various methods used to estimate runoff, the SCS-CN (Soil
Conservation Service - Curve Number) model stands out due to its
simplicity, data-driven approach, and adaptability across different spatial
scales. The integration of this model with Remote Sensing (RS) and
Geographic Information Systems (GIS) enhances the accuracy and
effectiveness of flood hazard assessments. In this study, the Google Earth
Engine (GEE) cloud-based platform was utilized to extract and process the
necessary data for runoff analysis in the Birjand watershed.
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Materials and Methods

Study Area

The Birjand watershed, located in eastern Iran, spans latitudes 32° to 32.8° N and
longitudes 58.25° to 59.45° E, covering an area of approximately 3,455 square
kilometers in South Khorasan Province. It features an average elevation of 1,722
meters above sea level and is characterized by a dry to semi-arid climate.

The annual average precipitation is about 156.7 mm, and the average temperature
is around 16.6°C. Surface water resources are limited, and most rivers in the
region are ephemeral. The Shahroud River is the most significant in the watershed,
ultimately draining into the Lut Desert.

To estimate runoff and assess flood potential, the SCS-CN model was employed.
Two key parameters—Hydrologic Soil Group (HSG) and Land Use/Land Cover
(LULC)—are used in this model to determine the Curve Number (CN).

Datasets Used:

1. Soil Texture: Obtained from the global USDA soil database and classified into
HSG groups A, B, C, and D.

2. Land Cover: Derived from MODIS satellite imagery (product MCD12Q1).

3. Precipitation: Monthly rainfall data sourced from the GPM (Global Precipitation
Measurement) dataset.

4. Digital Elevation Model (DEM): Used for watershed boundary delineation and
hydrological modeling.

In GEE, soil and land cover maps were combined to generate CN values for each
pixel based on standard lookup tables. This facilitated a spatially distributed
estimation of runoff using monthly precipitation data.

Runoff Modeling with the SCS-CN Method
The SCS-CN model estimates direct runoff using the following equation:

(P —0.25)* - 025 1
_( P +0.85 )@—02) @)
Where:

Q: Runoff depth (mm)

P: Rainfall (mm)

S: Maximum potential retention, related to CN
The Curve Number (CN), which ranges from 30 to 100, reflects the runoff
potential of different land and soil types. Higher CN values indicate lower
infiltration and higher runoff potential.
Using monthly precipitation data from GPM and calculated CN maps, monthly
runoff was computed across the entire watershed.

Results

The CN maps revealed that CN values varied from approximately 35 to over 90
across the watershed. The highest CN values were found in areas with compacted
soils (Group D) and barren lands, indicating high runoff potential. Lower CN
values were associated with vegetated areas (e.g., grasslands, shrubs) on
permeable soils (Groups A and B).

The spatial distribution of estimated runoff showed that the southern slopes of the
watershed are particularly prone to generating higher runoff volumes. The average
annual runoff was estimated to be around 11.2 mm, which, compared to the total
precipitation, suggests that infiltration and evapotranspiration significantly reduce
surface runoff in the region.
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Fig 1. Classified Runoff Map of the Birjand Watershed.
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Fig 2. Runoff Depth and Area Percentage in The Study Area.

Discussion and Conclusion
The study demonstrates that the integration of the SCS-CN model with remote
sensing and cloud-based GIS platforms such as Google Earth Engine is an
effective method for rapid and accurate runoff estimation, especially in data-scarce
and large-scale regions.
By automating the process of extracting soil, land use, and rainfall data, GEE
simplifies and accelerates hydrological modeling workflows. The resulting runoff
and CN maps can serve as valuable tools for:

e Identifying flood-prone areas

e Designing flood control structures

e Implementing watershed management strategies

e Planning sustainable land use
Ultimately, this approach offers a scalable, efficient, and reliable method to
support flood risk reduction and environmental planning, especially under the
growing pressures of climate change and land degradation.
Suggestions

1. Expansion of the Study: Generalizing hydrological models to different

regions to identify regional patterns and improve predictions.
2. Impact of Climate Change: Investigating the effects of precipitation and
temperature changes on runoff and soil hydrological properties.



3. More Accurate Data: Using high-resolution data, especially remote
sensing images, to enhance model accuracy.

4. Impact of Human Activities: Evaluating the role of agriculture, industry,
and urban development in hydrological changes.

5. Water Resource Management: Using hydrological models to reduce flood
risk and optimize water consumption.
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