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Abstract. Coastal erosion presents a significant danger to sustainable 

marine ecosystems, especially in the northern coastal area of Aceh Province, 

Indonesia. This research combines the Revised Universal Soil Loss Equation 

(RUSLE) model with GIS and remote sensing to provide an innovative 

spatial evaluation of soil erosion risks. This study produces high-resolution 

maps of erosion risk and sediment yield by integrating precipitation patterns, 

soil properties, topography, and land use data. The results indicate 

substantial areas of soil erosion that contribute to sediment accumulation in 

coastal regions, which may affect marine ecosystems and increase land-sea 

connectivity issues. This methodology enhances the utilization of RUSLE in 

coastal environments and offers practical guidance for erosion mitigation 

and sustainable land management. The study highlights the significance of 

mitigating soil erosion as an important factor in attaining SDG 14 (Life 

Below Water), emphasizing the necessity for integrated policies to reduce 

land degradation and its subsequent effects on marine ecosystems. The 

findings highlight the significance of geospatial tools to encourage evidence-

based decision-making for sustainable management of coastal and marine 

resources. 
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1 Introduction 

Coastal ecosystems consist of important resources, including fisheries, tourism, urban areas 

and harbour construction, all of which depend on the soil [1]. However, The soil is subjected 

to physical and anthropogenic pressures, and erosion has slowly become a key issue over 

time [2]. In the coastal areas, land degradation occurs due to soil erosion, reduced agricultural 

output, and reduced sedimentation, adversely affecting the marine ecosystem's biology and 

water quality [3]. 

 The northern coast of Aceh Province (Fig 1) has been identified and characterized as 

being prone to erosion due to the region's geomorphology and climatic conditions [4]. The 

hilly landscape patterns of the region, seasonal monsoons [5] and land use changes aggravate 

the erosion problem [6], leading to sediment deposition in coastal waters. These activities 

adversely affect marine biodiversity and the fishing sector, as sufficient erosion may bury 

coral reefs, decrease water quality, and disturb marine ecosystems [7]. Recent studies indicate 

significant land loss, increased sediment ratio, and decreased ecosystem services, threatening 

ecological and economic dependence on marine and coastal resources [8]. Therefore, it is 

crucial to understand and manage soil erosion in these coastal regions to ensure the 

sustainable exploitation of the ocean environments, which are vital for our marine resources. 

 
Fig. 1. (a) The location map of the study area at (a) The northern coast of (b) Aceh Province, (c) 

Indonesia 

 

The Revised Universal Soil Loss Equation (RUSLE) has been proven useful in estimating 

and predicting soil loss rates in diverse environments such as sensitive coastal zones [6-7]. 

This model involves the linkage of the rainfall pattern, soil type, topography, land use, and 

conservation to evaluate erosion risk better [11]. Thus, this study attempts to configure 

erosion risk prediction more accurately by utilizing the RUSLE model in combination with 

GIS and remote sensing data. Such maps will be useful for designing appropriate soil 

conservation and management practices to maintain desired soil qualities and reduce erosion 

impacts [12]. 

In addition, sediment yield as a result of soil erosion directly contributes to sediment 

budgets and coastal morphodynamics, which are important in planning and carrying out 

coastal zone management strategies [13]. Using spatial data, assessment and management of 

(a)

(b)

(c)

a

Sabang

Banda Aceh
Aceh Besar

Pidie

Pidie Jaya

Study Area

Aceh Province

     

BIO Web of Conferences 156, 02010 (2025) https://doi.org/10.1051/bioconf/202515602010

ICFAES 2024

2



these risks can greatly promote sustainable development and conservation in line with the 

Sustainable Development Goals, particularly SDG 14 [14], for the sustainability and well-

management of the oceans, seas, and marine resources [15]. By filling critical knowledge and 

methodological gaps, this study aims to support sustainable development efforts and enhance 

the resilience of coastal ecosystems in northern Aceh Province. 

2 Methods  

This research developed a Geographic Information System (GIS) based application of the 

Revised Universal Soil Loss Equation (RUSLE) to determine the extent of annual soil erosion 

and its map location in the northern coastal region. It encompasses five main components, 

i.e., rainfall erosivity (R), soil erodibility (K), slope length and steepness (LS), cover 

management (C), and support practices (P) [7, 13]. This study used the Google Earth Engine 

(GEE), an open-source cloud computing platform, for data processing, storage analysis, 

visualization, and results display. GEE is a cloud-based open-source platform that makes it 

easy to access and process large geospatial data collection [17]. According to each character 

of coastal conditions of northern Aceh, specifically developed approaches in estimating R, 

K, LS, C and P were applied. Each factor was estimated utilizing methods modified to suit 

the coastal area of northern Aceh. A model layers file was created in the GIS system, where 

each layer was integrated to create a probabilistic erosion potential map. This spatial 

information enables the understanding of erosion in the study area, which is useful in 

formulating guidelines for the management of the marine ecosystem. 

2.1 RUSLE Data  

A combination of rainfall, soil, land slope, land use, and conservation methods were used to 

estimate the soil erosion. The soil erosion was estimated using the methodological framework 

displayed in Fig. 2. Rainfall intensity and frequency both contribute to erosion, and the R-

factor measures the kinetic energy of raindrops [18]. Climate Hazards Center InfraRed 

Precipitation with Station (CHIRPS) data rainfall data with 5566 m spatial resolution [19] 

were used to extract annual rainfall totals; these values were then interpolated with inverse 

distance weighting (IDW) [20] to continuously distribute R-factor values according to [21] 

regression equation. 

The K-factor indicates the soil erodibility according to texture, organic matter, structure 

and permeability [22]. A table of soil properties was extracted from the Soil texture classes 

(USDA system) [23]. Specific K values were determined based on empirical equations [24] 

and interpolated over the entire study area using an inverse distance weighting (IDW) method 

to capture spatial heterogeneity [20]. 

The LS factor considers the impact of a slope's length and steepness on the potential for 

erosion. Topographic data derived from a 30-meter resolution DEM [25] for slope and flow 

accumulation calculations. An empirical total slope (LS) factor was calculated from slope 

degree and flow accumulation to delineate locations where the combination of longer, steeper 

slopes increase erosion hazard [26]. The C-factor stands for the role of vegetation and ground 

cover in protecting soil from being washed away. C-factor values were derived from NDVI 

and the transformation C-factor [27]. The C-factor map identified the regions with the lowest 

and highest values, reflecting high vegetation cover that needs to be prioritized for 

conservation [28].  

In the end, the P-factor reflects the impact of conservation practices. Where detailed field 

data on local practices were absent, P-values corresponding to slope classes were estimated 

based on conventional values in the literature [24 - 25]. Separate slope data was derived from 

the DEM before classifying to produce a P-factor map [30], which evaluates areas where less 
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erosion control is required, with the expectation that these are mainly situated on areas of 

greater slope. The spatial alignment of these RUSLE layers created the spatial consistency 

needed for accurate soil erosion estimates. Our integrated method results in a continuous 

erosion risk across the coastal landscape, useful for conservation and land management. 

 
Fig 2. Schematic outline of the methodological framework applied to assess soil erosion. 

2.2 Estimation RUSLE Model 

The coastal soil erosion can be modeled using sediment transport models. One of the widely 

used empirical models among these is the Revised Universal Soil Loss Equation (RUSLE) 

[31]. The success of RUSLE is due to its lower data requirements, ease of access to the 

datasets it employs, and compatibility with GIS database systems [32]. With the help of the 

RUSLE model, soil erosion assessment can be undertaken for major river basins, specific 

coastal sites, and crop fields [16].  

However, it is important to note that RUSLE does not consider some significant land 

degradation processes, such as gully erosion and landslips. The soil erosion was estimated 

using the methodological framework displayed in Fig. 2. The RUSLE model estimates soil 

loss by the formula [21] as follows: 

𝐴 = 𝑅 × 𝐾 × 𝐿𝑆 × 𝐶 × 𝑃   (1) 

 

where 𝐴 is annual eroded soils (Ton ha -1yr-1), 𝑅 factor of rainfall erosivity (MJ mm ha-1 yr -

1), 𝐾 specific soil classification, 𝐿𝑆 slope-length and steepness effect factors (%), 𝐶 is 

vegetation or plant coverage- management and 𝑃 is support practices used to reduce erosion 

in this research. 
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3 Results and discussion 

The research shows the application of the RUSLE model for soil erosion assessment in the 

northern coastal province of Aceh. The R-factor map in Fig 3a provides information on high 

rainfall erosivity, particularly in the coastal zones because of the monsoon winds. The 

intensity of rainfall was established as an important factor in tropic erosion [33]. The K – 

factor is represented in Fig 3b in the sandy soils, which are usually porous and hence more 

prone to erosion since they have low cohesion [34].  

 

 
Fig 3.  Data on (a) R- Factor (b) K - Factor (c) and LS - Factor estimated in this study 
 

 The LS factor (Fig 3c) shows that steeper angles are more vulnerable to erosion because 

runoff is faster than the lower angles, which agrees with the erosion models. C-factor maps 

(Fig 4b) demonstrate that zones of high vegetation distribution are less exposed to erosion 

than zones with a lower abundance of grass cover or bare soils. In the end, the P-factor Fig 

4a. Stresses the purpose of implementing measures against erosion, such as terracing and 

contour farming, which substantially lowers erosion risk. 

 

 
Fig 4. Spatial distribution of (a) P - factor and (b) C - factor estimated in this study 

 

However, the spatial pattern of soil erosion shows (Fig 5) that the most eroded areas are 

steep, have high rainfall and have low or no conservation measures. These areas are 

predominantly located in the northern section of the country's coastal belt. Since most of 

them are eroded, the available sediments are washed away into marine waters (> 40 tons/ yr). 

This is a major threat to marine habitats since degrading sediments may cause decreased 

water quality and harm the marine ecosystem. 

Therefore, the results of this research highlight the criticality of taking proactive soil 

conservation measures in areas where the risk is assessed to be very high to protect both land 

and marine ecosystems. Applying the RUSLE model in this regard has facilitated mapping 

erosion-prone areas, which will help in future land use planning and erosion control 

Ton ha h ha-1 MJ-1 yr-1C Factor
0.0008 – 0.0959

0.0959 – 0.1562

0.1562 – 0.2351

0.2351 – 0.3628

0.3628 – 0.5925

River Stream

Aceh Province

River Stream

Aceh Province

< 0

0 – 0.026

0.026 – 0.028

0.028 – 0.036

0.036 – 0.039

K Factor

River Stream

Aceh Province

LS Factor
00.10 – 07.78

07.78 – 21.63

21.63 – 41.62

41.62 – 69.30

0.036 – 0.039

(b) (c)(a)

MJ mm ha-1 yr-1

River Stream

Aceh Province

P Factor

River Stream

Aceh Province

< 0.2

0.2 – 0.4

0.4 – 0.6

0.6 – 0.8

> 1

R Factor

2537.93

1000.00

2.80601

(a) (b)

     

BIO Web of Conferences 156, 02010 (2025) https://doi.org/10.1051/bioconf/202515602010

ICFAES 2024

5



measures. These findings, along with the earlier studies on coastal erosion, advocate for an 

integrated land management approach to soil conservation and the sustainability of marine 

resources. 

 

 
Fig 5. Spatial distribution of soil erosion estimated in this study 

4 Conclusions 

This research successfully applied the RUSLE model to determine the erosion risk in the 

northern coastal region of the Aceh Province. The integration of RUSLE factors - rainfall 

erosivity, soil erodibility, slope length and steepness, cover management and support 

practices - made it possible to develop a comprehensive spatial erosion risk map and identify 

areas that are highly at risk, thus indicating areas that need interventions as a matter of 

priority. 

The results show that regions with high rainfall intensity, type and number of sandy soils, 

steepness or grade of slopes, number of vegetation cover and conservation practices such as 

tree planting (afforestation) are highly prone to erosion. These regions, especially found 

along the northern coast, are also responsible for a sizeable amount of sediment loading in 

the marine waters and thus pose threats to the land and aquatic environments. 

The research clearly indicates that restoring areas such as marginal land or those that are 

regarded as highly degraded through measures like terracing and afforestation remains 

crucial. Such erosion control measures will minimize sediment runoff, soil loss, and marine 

environment pollution. More ever, the RUSLE model is a useful framework for identifying 

areas prone to soil erosion and formulating appropriate land use strategies to enhance 

sustainable land utilization while reducing erosion. This work reinforces the case for an 

integrated approach to soil and land management that conserves both soil and water resources 

to enhance the sustainability of Aceh's coastal ecosystems in the long run. 
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