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 Abstract. This article explores the application of advanced geomatic techniques for detailed 

relief analysis to better understand soil erosion processes. The study utilizes Digital Elevation Models 

(DEMs) provided by ALOS PALSAR, which offer an adequate spatial resolution for geomorphological 

analysis. These data are processed and analyzed in the open-source software QGIS, enabling the 

generation of accurate information on the topographical features of the watershed. An important aspect 

of the research is slope analysis, a key factor in triggering water erosion. Slope distribution within the 

watershed is mapped and statistically analyzed to identify high-risk areas. The study also examines the 

degree of relief fragmentation, an important indicator of how water runoff and sediment transport are 

influenced by terrain morphology. Furthermore, the research includes the analysis of the Topographic 

Position Index (TPI), a valuable tool for classifying landforms and identifying areas prone to water 

accumulation or dispersion. This analysis contributes to a deeper understanding of the interaction 

between surface hydrological processes and terrain morphology, influencing susceptibility to erosion. 

The aim of the study is to demonstrate the usefulness of geomatic techniques in the accurate and detailed 

evaluation of relief characteristics, providing essential information for identifying critical areas at risk of 

erosion. The results can serve as a basis for informed decision-making regarding sustainable land 

management, the implementation of soil conservation measures, and territorial planning to reduce the 

negative impact of erosion. 
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INTRODUCTION 
Soil erosion represents a significant global 

environmental challenge, adversely affecting 

agricultural productivity, water quality, and ecosystem 

stability (BORRELLI ET AL., 2020). In regions 

characterized by complex topography, such as 

Romania’s Subcarpathian areas, erosion processes are 

intensified by steep slopes, heavy rainfall, and 

unsustainable land use practices (PANAGOS ET AL., 

2015). These regions face considerable challenges, 

including reduced soil fertility and increased sediment 

loads in water bodies, necessitating robust strategies for 

land management (ALEWELL ET AL., 2019). 

Understanding the topographic factors driving erosion 

is critical for developing effective conservation 

measures. Geomatics, an interdisciplinary field 

integrating Geographic Information Systems (GIS), 

remote sensing, and spatial analysis, provides advanced 

tools for mapping and analyzing terrain characteristics, 

Figure 1 - Location of the Bizdidel 

watershed 
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enabling precise identification of erosion-prone areas (NEARING ET AL., 2017). 

Digital elevation models (DEMs), such as those provided by ALOS PALSAR, 

facilitate accurate characterization of topographic features, including slope, relief 

fragmentation, and landform distribution, which are key drivers of water erosion (MORGAN, 

2005). Open-source GIS software, such as QGIS, enhances accessibility to these analyses, 

allowing researchers to generate thematic maps that support decision-making in land 

management (QGIS DEVELOPMENT TEAM, 2023). The application of geomatics techniques 

has revolutionized erosion studies by offering cost-effective and scalable solutions for 

assessing terrain vulnerability (DE VENTE ET AL., 2013). This study focuses on the Bizdidel 

River basin, located in Dâmbovița County, Romania, a region characterized by varied 

topography and significant erosion risk. The objective is to demonstrate how geomatics 

techniques can be applied to analyze relief characteristics and support sustainable land 

management by identifying areas vulnerable to erosion. The methodology is designed to be 

replicable in other regions, contributing to broader efforts to mitigate land degradation and 

promote environmental resilience. 

 

MATERIALS AND METHODS 

The study was conducted in the Bizdidel 

River basin, located in Dâmbovița County, 

Romania, covering an area of approximately 9,527 

ha. The basin exhibits diverse topography, with 

altitudes ranging from 400 to 1,200 m and slopes 

predominantly exceeding 15° in the upper sector 

(PANAGOS ET AL., 2015). The analysis relied on 

a digital elevation model (DEM) from ALOS 

PALSAR, with a spatial resolution of 12.5 m, 

obtained from NASA’s EarthData platform (ASF, 

2023). This DEM was selected for its accuracy in 

capturing topographic variations essential for 

geomorphological analysis. 

Data processing and analysis were 

performed using QGIS (v.3.28), an open-source 

GIS software chosen for its robust spatial analysis 

capabilities and accessibility. The methodology involved the following steps: 

1.Data Preprocessing: The ALOS PALSAR DEM was imported into QGIS and 

reprojected to the Stereo 70 projection system (EPSG:3844), Romania’s official coordinate 

system. Artifacts and missing values were corrected using the “Raster Calculator” tool to 

ensure data integrity. 

2.Slope Analysis: Slope was calculated using the “Slope” function in QGIS, with 

values classified into three categories: <5° (low risk), 5–15° (moderate risk), and >15° (high 

risk). Slope distribution was analyzed statistically to identify areas prone to water erosion. 

3.Relief Fragmentation: Terrain fragmentation was assessed by calculating relief 

energy, defined as the difference between maximum and minimum altitudes within a 1 km² 

grid, using the “Zonal Statistics” tool. This parameter reflects the influence of topography on 

runoff and sediment transport. 

Figure 2 - Translating raw data into QGIS – 

Open Street Maps Basemap 
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4.Topographic Position Index (TPI): TPI was computed using the SAGA plugin in 

QGIS, with a 500 m radius, to classify landforms into crests (TPI > 1), uniform slopes (TPI 

between -1 and 1), and valleys (TPI < -1). 

Thematic maps were generated for slope, relief energy, and TPI, providing a spatial 

representation of topographic characteristics. These maps were overlaid to identify areas with 

high erosion risk, focusing on the interaction between steep slopes, fragmented terrain, and 

landform distribution. Field observations conducted in 2023 validated the spatial data, 

confirming the presence of erosion features in areas with steep slopes. 

 

RESULTS AND DISCUSSION 

The geomatics analysis conducted in this study provided detailed insights into the 

topographic characteristics of the Bizdidel River basin, enhancing the understanding of soil 

erosion processes. The results, derived from processing the ALOS PALSAR DEM in QGIS, 

highlighted the distribution of slopes, the degree of relief fragmentation, and the topographic 

position of landforms, offering a robust foundation for identifying vulnerable areas. 

Slope Analysis 

The slope map (Figure 3) generated in 

this study revealed a varied distribution of 

inclinations in the Bizdidel basin, with steep 

slopes (>15°) dominating the majority of the 

area, particularly in the upper sector above 700 

m. Moderate slopes (5–15°) are concentrated in 

the median sector (400–700 m), while gentle 

slopes (<5°) are limited to the lower sector (<400 

m). These findings reflect a predominantly 

rugged terrain typical of the Dâmbovița 

Subcarpathians, which amplifies the risk of water 

erosion, as noted in the literature (García-Ruiz et 

al., 2017). The slope map enabled the 

identification of critical areas, particularly in the 

upper sector, where steep slopes necessitate 

urgent conservation measures, such as 

afforestation or terracing. 

Relief Fragmentation 

The relief energy map (Figure 5) highlighted a high degree of fragmentation in the 

upper sector, with values exceeding 200 m/km², correlated with steep slopes. In the median 

sector, relief energy ranges between 50–150 m/km², while in the lower sector, it drops below 

50 m/km², indicating a more uniform terrain. These variations underscore the influence of 

topography on runoff dynamics, with fragmented areas being more prone to erosion. The relief 

energy maps were used to prioritize areas requiring land stabilization interventions. 

Topographic Position Index (TPI) 

The analysis conducted in this study generated the TPI map (Figure 4), which 

classified landforms into crests (TPI > 1), uniform slopes (TPI between -1 and 1), and valleys 

(TPI < -1). In the upper sector, crests predominate, associated with steep slopes and high 

erosion risk due to water dispersion. In the lower sector, valleys with negative TPI indicate 

sediment accumulation zones, less prone to erosion but vulnerable to excessive sedimentation. 

Figure 3 - Slope map of the Bizdidel River 

basin, generated in QGIS based on the ALOS 
PALSAR DEM 
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The median sector features uniform slopes with moderate erosion risk. The TPI map 

complemented the slope and fragmentation analyses, providing a detailed view of the interplay 

between relief morphology and hydrological processes. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Discussion 
The results of this study demonstrate that the geomatics techniques employed enable a precise 

assessment of topographic factors influencing soil erosion. Unlike traditional methods 

requiring extensive field measurements, the geomatics approach is efficient and replicable, 

applicable to other river basins with similar topography (TÎRLĂ, 2012). The use of QGIS 

offers significant advantages over proprietary GIS software, including cost-effectiveness and 

flexibility, making it an ideal tool for researchers and land managers (KARYDAS ET AL., 

2014). The generated maps provide local authorities and farmers with critical information for 

implementing conservation measures, such as planting perennial vegetation or terracing, 

Figure 5- Relief energy 

map of the Bizdidel River 

basin, generated in QGIS 

based on the ALOS 

PALSAR DEM 

Figure 4 -Topographic Position 

Index (TPI) map of the Bizdidel 

River basin, generated in QGIS 

based on the ALOS                

PALSAR DEM 
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thereby reducing erosion’s impact on agricultural productivity and soil quality (XIONG ET 

AL., 2019). The methodology’s replicability extends its utility to other erosion-prone regions, 

supporting regional planning and sustainable land 

use (DE VENTE ET AL., 2013). By integrating 

multiple topographic parameters, this study 

highlights the potential of geomatics to inform 

evidence-based decision-making, ensuring 

effective prioritization of conservation efforts. A 

limitation of the study is its reliance on the 

DEM’s resolution, which may overlook fine-scale 

relief details, but the 12.5 m resolution of ALOS 

PALSAR is suitable for basin-scale analysis. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

CONCLUSIONS 

This study demonstrated the effectiveness of geomatics techniques in detailed relief 

analysis for understanding and managing soil erosion processes. The use of the ALOS 

PALSAR digital elevation model and open-source QGIS software enabled the generation of 

precise thematic maps, highlighting the distribution of slopes, relief fragmentation, and 

topographic position of landforms.  

These maps provide a robust foundation for identifying high-risk erosion areas, 

particularly in regions with rugged topography, such as the Bizdidel River basin. The results 

are valuable for local authorities and farmers, facilitating the implementation of conservation 

measures, such as afforestation, terracing, or the establishment of vegetative buffer strips, to 

mitigate erosion’s impact on agricultural land and enhance soil resilience (XIONG ET AL., 

2019).  

A limitation of the study is the DEM’s resolution, which may overlook fine-scale 

details, but this is offset by the methodology’s accessibility and accuracy. Future research 

could integrate additional data, such as high-resolution satellite imagery or predictive erosion 

models, to refine assessments and incorporate dynamic environmental factors. The proposed 

methodology is replicable in other river basins, offering a scalable approach to sustainable land 

Acquisition of ALOS 

PALSAR DEM:  

Obtaining elevation data from 

the NASA EarthData platform 

 

Data preprocessing in QGIS: 

Reprojection to Stereo 70 (EPSG:3844) 

and error correction using                    

"Raster Calculator" 

Generation of thematic maps: Creation 

of maps for slopes (“Slope” function), 

relief energy (“Zonal Statistics”),              

and TPI (SAGA plugin). 

 

Identification of risk areas: 

Overlay of maps to highlight 
areas vulnerable to erosion 

 

Figure 7 - Schematic diagram of the geomatics methodology used in the study 

Figure 6 - Severe erosion on steep slopes in the 

Bizdidel Basin, 2023                               

(45°09'59.0"N, 25°32'03.8"E) 
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management and soil degradation reduction, with potential applications in regional and 

national conservation strategies. 
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