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Soil erosion is a major natural hazard in the 

Mediterranean Rif mountainous, leading to dam 

siltation, land degradation, and other 

environmental and economic problems. The eight 

thematic areas selected in this study for water soil 

erosion mapping were rainfall, lithology, LULC, 

slope, soil, soil (USLE), NDVI, and temperature. 

The analysis of the spatial distribution of the 

classes within the qualifying soil erosion maps 

indicates that PAP/RAC is the most convincing, 

while EPM is the most effective for quantifying 

models. Field validation confirmed the accuracy 

and consistency of the PAP/RAC model with the 

observed data, reinforcing its reliability for 

capturing erosion processes in the Boudinar basin 

and highlighting areas for potential improvement 

in future modeling efforts. To address soil erosion 

in the basin, the use of the EPM model to estimate 

average annual soil erosion and PAP/RAC to 

generate a potential erosion map is recommended. 
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دراسة مقارنة باستخدام نماذج مختلفة للقياس الكمي والنوعي لتآكل التربة:  
       أنموذجا )المغرب(   حوض بودينار 

    

  سكينة الداكري        مصطفى لمغربج          عصام اتباعي       *مراد الطاهر 
   عبد الحميد توفيق          المصطفى آيت عمر

 جامعة عبد المالك السعدي ، كلية العلوم والتقنيات بالحسيمة

مختبر البحث والتنمية في علوم الأرض التطبيقية، كلية العلوم والتقنيات بالحسيمة، جامعة  ،  مراد الطاهر  *المراسلة الى:
         .، المغربالمالك السعديعبد 

 m.taher@uae.ac.ma  البريد الالكتروني:

 الخلاصة

يُعدّ تآكل التربة أحد الأخطار الطبيعية البارزة في جبال الريف المغربي، حيث يؤدي إلى ظاهرة توحل السدود،  
وتدهور الأراضي خصوصا الصالحة للزراعة، إضافة إلى مشاكل بيئية واقتصادية أخرى. لذلك، تهدف هذه الدراسة  

الهدف،    ابودينار باستعمال نماذج مختلفة. ولتحقيق هذإلى تحديد الخريطة الأمثل لقابلية التربة للتعرية في حوض  
تم اختيار ثماني طبقات باستخدام تقنيات التحليل الجغرافي المكاني، وهي: طبقة الأمطار، والجيولوجيا، واستخدام  

( الأرضي  والغطاء  نموذج  LULCالأراضي  )في  والتربة  التربة،  ونوع  والانحدار،   ،)USLE الغطاء (، ومؤشر 
، ودرجة الحرارة. تشير تحاليل التوزيع المكاني للفئات داخل خرائط التآكل النوعي إلى أن نموذج  NDVIالنباتي  

PAP/RAC  هو الأكثر إقناعًا، في حين يُعتبر نموذجEPM   الأكثر فعالية في النماذج الكمية. كما أكدت نتائج
وتوافقه مع البيانات المرصودة، مما يعزز من موثوقيته في تمثيل عمليات    PAP/RACالتحقق الميداني دقة نموذج  

التآكل في حوض بودينار، ويسلط الضوء على المجالات التي يمكن تحسينها في النمذجة المستقبلية. ولتقليل تآكل 
نموذج   باستخدام  نوصي  بودينار،  حوض  في  ونموذج    EPMالتربة  للتربة،  المتوسط  السنوي  الفقدان  لتقدير 

PAP/RAC لإنشاء خريطة التآكل المحتمل.       

 .حوض، الريف، تآكل التربة، التعرية المائية، نماذج تآكل التربة كلمات مفتاحية:

Introduction 

Soil erosion has a negative effect on agricultural productivity and soil fertility 

globally, causes dam siltation, and has adverse economic and environmental 

consequences (5). Geomorphological processes and anthropogenic activity are the 

main contributors to erosion (22) in addition to the impact of climate change and land 

use/land cover (LULC) patterns (33). Water-induced soil erosion is among the most 

significant forms of land degradation (28), due to water kinetic energy, which causes 

the detachment, transportation, and deposition of soil particles (17). When soil fertility 

diminishes due to water erosion, it has a detrimental impact on food security by 

undermining agricultural production (1). According to a Food and Agriculture 

Organization of the United Nations (FAO) report, water erosion reduces global 
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https://orcid.org/0009-0006-9445-125X
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agrarian food production by 33.7 million tons. It is the main factor in soil degradation 

in Tunisia (7), 10-50 ton/ha/yr are lost in Jordan due to water erosion (21), and it affects 

40% and 20% of the land area in Morocco and Algeria, respectively. 

The Mediterranean countries with their semi-arid climate are threatened by soil 

erosion, particularly Morocco, which relies heavily on agriculture, and is considered  

one of the most climate-vulnerable countries in north west Africa (21 and 23). Soil 

erosion is more critical in the Rif region of Northern Morocco (4). Despite covering 

only 6% of Morocco, the region produces more than 60% of all sediments. This is due 

to various factors including the very small dense vegetation area (23), climate change 

(2), heavy and aggressive rains (23), anthropogenic pressures, and the intrinsic 

vulnerability of the environment (4). This causes dam siltation (12), degrades 

agricultural land (1, 2, 3 and 5), compromises water quality, and damages water-related 

structures such as canals and reservoirs (12).  

Soil erosion risks in Rif catchment areas have been investigated using PAP/RAC in 

the watersheds of Joumouaa (21) and Arbaa Ayacha (23), USLE in Ghiss and Oued El 

Makhazine (4), RUSLE-USPED in Nekor (3 and 4), Fieldwork in Abdelali (4), and 

RUSLE-MUSLE in Tahaddart (31). However, soil erosion evaluations in the 

northeastern part of the Rif region have not received much attention, especially in the 

Boudinar basin. Therefore, this study seeks to determine the spread and severity of 

erosion hazards in this watershed to facilitate the formulation of conservation measures 

and soil management programs. 

Recently, erosion has been evaluated using geographic information system (GIS) 

and remote sensing (RS) approaches (11), while several researchers have estimated soil 

erosion rates and mapped high erosion areas using different models (6). These models 

are classified as empirical, conceptual, and physics-based (34). This study aims to: i) 

identify erosion susceptibility through mapping, ii) compare the results of different 

quantifying and qualifying soil erosion models (AHP, PAP/RAC, EPM, and USLE), 

and iii) evaluate the optimal model for assessing soil erosion in the Boudinar watershed 

in northeastern Morocco.  

This study employed the Revised Universal Soil Erosion Equation (RUSLE) and 

the Erosion Potential Model (EPM) to quantify soil erosion in the Boudinar basin. 

Additionally, the Analytical Hierarchy Process (AHP) and the Priority Actions 

Programme/Regional Activity Centre (PAP/RAC) framework were used to qualify and 

prioritize areas with high erosion risk. These four methods compare the performance 

of estimating the soil erosion and to map high erosion areas. Accordingly, eight 

thematic layers: soil, soil (USLE), lithology, land use land cover (LULC), rainfall, 

temperature, slope, and the Normalized Difference Vegetation Index (NDVI) were 

used in the current study. 

Study area: The Boudinar basin, in the Driouch province, Orientale region, 

northeastern Morocco (Fig. 1) covers 35000 hectare (8). It is situated between latitudes 

35°.22 and 34°.99 north and 3°.52 and 3°.77 west. The 40-km long Amakran river is 

the major waterway in the basin, flowing from the south of the study area to the north 

into the Mediterranean. The study area is located in mountainous regions which 

experience significant variability in precipitation. The area’s altitude ranges from 49 to 

1612 m. Over a 12-year period, annual precipitation in the basin varied from 394 to 



Anbar J. Agric. Sci., Vol. (23) No. (2), 2025.                   ISSN: 1992-7479        E-ISSN: 2617-6211 

1292 

441 mm, with a progressive decline toward the northeast (8). Agriculture is the main 

activity in the region though it is threatened by soil movements that reduces its 

productivity (29). The lithology of the watershed is composed mostly of sericite-gray-

shale in the southeast and southwest and marl in the middle east. In comparison, the 

northern part of the basin is covered by quaternary sediments. 

 

 

 

 

Fig. 1: The localization map of the Boudinar basin. 

 

 

Fig. 2: Flowchart of the methodology showing the four models used in this study 

with the same parameters. 
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Materials and Methods 

This study represents the first known attempt to identify and estimate soil erosion 

in the Boudinar basin. As a result, a key limitation is the absence of previous studies 

for comparison or validation of the findings. To address this, two qualitative and two 

quantitative models were applied. Initially, the results of each model are presented 

individually. This is followed by a comparison and discussion of the qualitative models 

(AHP and PAP/RAC) and the empirical quantitative models (EPM and USLE) (Fig. 

2). Finally, the most suitable models for assessing soil erosion in the basin are 

identified. 

Soil erosion potential parameters: The lack of local rainfall data is an important 

limitation of the study. However, the annual precipitation map (2010–2021) from 

NASA (Fig. 3b) shows rainfall in the Boudinar basin decreasing from the south to the 

north and ranging between 394 and 441mm. Precipitation causes the detachment, 

transportation, and deposition of soil particles via surface runoff. Accordingly, higher 

rainfall areas were more susceptible to soil erosion (high weights) than lower rainfall 

areas. 

Both NDVI (Fig. 3a) and LULC (Fig. 3d) were the keys to soil erosion. According 

to the NDVI  and LULC maps, the central, west, and the south of the research region 

have more excellent rates of vegetation (8). The NDVI value ranged between −0.06 

and 0.45. Lower NDVI values were given higher weights for the potential erosion areas 

and vice versa (16) . 

The slope of a terrain contributes significantly to erosion control, as it influences the 

speed at which surface water runs off. Steeper slopes lead to increased runoff rates 

(higher weights) compared to gentler slopes. The Boudinar basin terrain exhibits 

varying slope gradients (Fig. 3c), ranging from 0 to 63 degrees. The northeastern and 

central portions of the basin predominantly feature gentle slopes, whereas steeper 

gradients are in the southern, southwestern, and southeastern regions (8). 

Soil maps are crucial for erosion mapping as they help determine the vulnerability 

of soil to erosion (3). The lack of field measurements of the soil texture in the Boudinar 

watershed is the second significant limitation. Therefore, this study employs two kinds 

of soil maps. The first is for the RUSLE model. According to the FAO soil map of the 

world, two soil types or classes were noted in the study area, Chromic Luvisols and 

Calcic Cambisols (Fig. 3e). The second soil map was used for other models. The soil 

map of the study area revealed five different soil texture categories, spanning from fine 

(low weight) to coarse (high weights) texture (Fig. 3h). 

Lithology is one of the essential factors for erosion. According to the lithology map 

(Fig. 3), three geology classes are the most vulnerable to water erosion, namely Sericite 

gray shale, Marl, and alluvium-silt, which covers almost the whole Boudinar basin 

(Fig. 3f). A high score was assigned to them. The spatial annual land temperature map 

(Fig. 3g) of the Boudinar watershed was obtained using 2022 Landsat 9 OLI images as 

the local weather stations lacked temperature data, which is the third limitation of the 

study. The annual average temperature ranged between 17 and 14 °C. Accordingly, 

regions with higher temperatures exhibited greater susceptibility to soil erosion (high 
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weights) compared to lower temperature areas (low weights). This factor was used only 

for the EPM model. 

Analytical hierarchy process (AHP): The AHP method and geographic information 

system (GIS) have been widely used in erosion mapping (2 and 16) in Morocco (32) 

but not in the Rif region. The AHP uses a layer-by-layer approach to simplify complex 

issues, and pairwise comparisons to establish the weight of complex index systems. It 

was developed by Saaty (25) as the simplest of the multicriteria help methods (32). 

Saaty’s fundamental scale in Table 1 was used to assign findings in the pairwise 

comparisons. The methodology adopted in this method is shown in Fig. 2. 

Table 1: The Saaty scale.  

Intensity 1 3 5 7 9 

Definition 

(Importance) 

Equal  Moderate  Strong  Very strong  Extreme  

The random index scale was utilized to calculate the consistency ratio (CR) (Table 

2) to test the reliability of the judgments of the computed matrix. If the CR value is less 

than 0.1, the consistency value for the matrix is acceptable (32). However, a value 

above 0.1 (10%) necessitates a reconsideration of the decision matrix (2). Therefore, 

in this study it was found to be quite acceptable (0 ˂ 0.1). Table 3 displays the pairwise 

normalized matrix for calculating the parameter's weight, and Table 4 shows the sub-

criteria weight of the AHP technique. 

Consistency ratio (CR) = Consistency Index/Random Consistency Index (RCI) 

where CI = (λmax – n)/(n – 1) = (5-5)/(6-1) = 0 ˂ 0.1 

CR = 0 

λmax = 5 

Table 2: Random Index values.  

N 1 2 3 4 5 6 7 8 9 

RI 0 0 0.58 0.89 1.12 1.25 1.32 1.40 1.45 
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Fig. 3: Soil erosion parameters used in the methods. 
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Table 3: Pair-wise comparison matrix for calculating parameter weight. 

Rank 9 7 5 3 1   

Factor Soil Rainfall Slope NDVI LULC CW CW% 

Soil 1 9/7 9/5 9/3 9 0.36 36 

Rainfall 7/9 1 7/5 7/3 7 0.28 28 

Slope 5/9 5/7 1 5/3 5 0.20 20 

NDVI 3/9 3/7 3/5 1 3 0.12 12 

LULC 1/9 1/7 1/5 1/3 1 0.04 4 

Table 4: Normalized layer weights of the subclasses. 

Influencing Factors Class Interval Reclass Overlay NW% 

Soil I 

II 

III 

V 

  V+ 

1 

2 

3 

4 

5 

5 

4 

3 

2 

1 

36 

 

 

 

Rainfall 

 

394 – 403 

403 – 413 

413 – 422 

422 – 431 

431 – 441 

1 

2 

3 

4 

5 

1 

2 

3 

4 

5 

28 

Slope 

 

0 – 7. 

7 – 14 

14 – 20 

20 – 28 

28 – 63 

1 

2 

3 

4 

5 

1 

2 

3 

4 

5 

20 

NDVI 

 

-0.06 – 0.09 

0.094 – 0.12 

0.12 – 0.16 

0.16 – 0.22 

0.22 – 0.45 

1 

2 

3 

4 

5 

5 

4 

3 

2 

1 

12 

LULC Vegetation 

Bare ground 

1 

2 

1 

4 

4 

 

The Priority Actions Program/Regional Activity Centre (PAP/RAC): The 

PAP/RAC is a qualitative method of determining vulnerability to erosion and the most 

fragile areas (21). This is the most used method in the Rif watersheds (7, 21 and 23). 

This technique is part of the Mediterranean Action Plan (MAP) (7) and consists of three 

methodological approaches for mapping, namely predictive, descriptive, and 

integration (2, 7 and 27). This study only used the first approach as it does not concern 

erosion forms. Conversely, a qualitative comparison of sensitivity to water erosion 

between AHP and PAP/RAC results is achieved. The methodology adopted in this 

method is shown in Fig. 2.  

The predictive approach thematically maps the parameters of the physical factors 

that control erosion, such as lithology, slope, degree of vegetation, and LULC. The 

three steps to achieve the predictive approach are (23): 

• Producing the erodibility map by superposing the slope and soil maps. 

• Generating the soil protection map by superposing vegetation density and land   use. 

• Developing the state of erosion map by super positioning erodibility and soil 

protection maps . 
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Erodibility map: The slope map in Fig. 3 was classified into five according to the 

system adopted by the PAP/RAC method (Table 5) (7 and 23). The lithology map 

classification (Fig. 3) had already been done by the agriculture department in the 

province of Nador according to the degree of soil erodibility. Thus, the erodibility map 

(Fig. 4) was prepared with the superposition of these two maps under the GIS 

environment. It shows that most of the Boudinar watershed area has high and very high 

erodibility. 

Table 5: Classification of the input parameters of the erodibility map. 

Factor Class Interval Reclass Tilt 

Slope 

 

0 – 3 

 3 – 12 

12 – 20 

20 – 35 

˃ 35 

1 

2 

3 

4 

5 

Very weak 

Weak 

Moderate 

Strong 

Extreme 

Soil 

 

 

 

I 

II 

IV 

V 

V+ 

1 

2 

3 

4 

5 

Very weak 

Weak 

Moderate 

Strong 

Extreme 

 

Fig. 4: Erodibility map. 

Soil protection map: The NDVI map in Fig. 3 was classified into five. In the case of 

potential soil protection areas, greater emphasis was placed on higher NDVI values, 

while lower values received reduced weights (Table 6). Further, the classification of 

the LULC map (Fig. 3) using Landsat 9Oli image helped in identifying the two classes, 

i.e., the vegetation and bare ground classes, that were assigned high and low weights, 

respectively. Therefore, the soil protection map (Fig. 5) produced by the superposition 

of these two maps shows most of the Boudinar watershed area having low and deficient 

soil protection. 
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Table 6: Classification of the input parameters of the soil protection map. 

Factor Class Interval Reclass Tilt 

NDVI 

 

-0.06 – 0.094 

0.0941 –  0.127 

0.1271 – 0.166 

0.1661 – 0.221 

0.2211 – 0.4557 

1 

2 

3 

4 

5 

Very weak 

Weak 

Moderate 

Strong 

Extreme 

LULC 

 

Vegetation 

Bare ground 

4 

1 

Strong 

Very weak 

 

Fig. 5: Soil protection map. 

Erosion Potential Model (EPM): The EPM is a quantitative method for estimating 

annual soil erosion rates (m3km-1y-1). It was presented for the first time in 1988 by 

Gavrilovic (11), and has been tested in some watersheds in Morocco (2, 11, 13 and 27), 

and widely used by several researchers, especially in the Balkan area, Serbia, and East-

Central Europe (3, 7, 9 and 34). The thematic factors used, and the methodology 

adopted, is shown in Figs. 2 and 6. 
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Fig. 6: The EPM factors in this study. 

Universal Soil Erosion Equation (USLE): RUSLE/USLE is the second quantitative 

method used in this study for estimating annual soil erosion rates (t/ha/y) and has been 

widely used in the Rif watersheds (3, 4 and 31). It has also been used in India (1), 

Malaysia (1), Jordan (13), Thailand (19), as well as in Egypt (2), Nigeria (22), and 
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Morocco (10). The methodology and factors used in this approach are shown in Figs. 

2 and 8.  

The equation is expressed as: A = R × K × LS × C × P                                        (4)   

where A is the annual soil erosion (t. ha-1. y-1) . 

The rainfall-runoff erosivity factor (R) expresses the rainfalls ability to erode soil 

from the surface (22). The rainfall erosive map (Fig. 8) was generated through kriging 

interpolation using ArcGIS software and ranges between 454 and 408. R was quantified 

from monthly rainfall data over 11 years (2010–2021) using Eq. (4) which was 

developed by Roose (1976). 

     R= 0.5 × P                                                                     (5)   

where P is the mean annual precipitation (mm) . 

The soil erodibility factor (K) reflects the soil's physical and chemical characteristics  

of texture (S), organic matter (OM) levels, structural composition, and permeability 

(P). The study area comprised two distinct soil types according to the FAO's world soil 

map. Hence, the K factor was calculated using Eq. (5): 

     K = [2.1*10-4*(12-OM) *M1.14+3.25*(S–2) +2.5*(P-3)] ÷100               (6)   

where M is the product of the primary particle size fractions. 

Slope length and steepness (LS) is a key factor for quantifying soil erosion and are 

the two topographic parameters computed from DEM (12.5×12.5 pixels) using raster 

calculation in ArcGIS software. The LS map (Fig. 8) was produced using the following 

equation: 

 LS = (Flow accumulation × Cell size/22.13)0.4 × (sin Slope/0.0896)1.3             )7(   

The LULC map (Fig. 3) is created from the Landsat 9 OLI image using the 

supervised classification in ArcGIS software. It was classified as vegetation and bare 

ground. The C factor map (Fig. 8) shows a value range of between 0.01 and 0.6. 

According to this map, most of the study areas have low protection against soil erosion. 

The area with the best protection is mostly covered by forests. 

The conservation practice factor (P) is a good measure of soil management for 

reducing soil erosion rates (22). The P factor map (Fig. 8) was generated based on the 

Land Use/Land Cover map. Its values range from 0.55 to 1, with high values assigned 

to bare ground and minimum values to vegetation. 
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Fig. 7: The RUSLE factors used in this study. 
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Results and Discussion 

The soil erosion risk map for the Boudinar basin using the AHP qualifying model 

(Fig. 9) has five classifications: very low 0.19% (comprising 0.66km2), low 7.74% 

(27.09km2), moderate 42.43% (148.50km2), high 45.92% (160.72km2), and very high 

3.69% (12.91km2). The method also estimated a similar proportion of high and very 

high erosion risk areas (48%) in the Tifnout-Askaoun basin of Southern Morocco (32). 

Generally, the spatial distribution of the high classes (≈50%) is concentrated in the 

south of the study area, whereas the low and moderate classes (≈50%) are in the north. 

Therefore, the soil erosion map obtained shows that the risk of erosion increases from 

the south to the north. The southern area of the watershed is characterized by a strong 

slope, heavy rainfall, and bare-fragile ground.  

Based on the degree of erosivity, the map (Fig. 9) of the PAP/RAC qualifying model 

shows five categories: very low 9.73% (comprising 34.05 km2), low 10.59% (37.06 

km2), moderate 28.26% (98.91 km2), high 27.97% (97.90 km2), and very high 23.43% 

(82 km2). A similar percentage was classified as high and very high erosion risks using 

this method in the Arbaa Ayacha Basin, located in the western Rif region (23). The 

analysis of the spatial distribution of the classes’ erosion map shows that the upstream 

of the watershed, extreme east, and the west presented high erosion risk areas (≈51%). 

In contrast, the low and moderate classes (≈49%) were found in the middle east of the 

study area, extreme middle west, and the north, which are relatively flat, have low 

carbonate content and very high organic matter (29). Further, the high erosion classes 

coincide with strong slopes, fragile lithology, low NDVI, and bare ground. 

Annual soil erosion in the Boudinar watershed was estimated to be using the 

empirical equation of the EPM quantifying model, which showed it to be 6900 

m3/km2/yr (≈ 69 tha-1yr-1.). Using the same model, erosion in the external Rif catchment 

was estimated at 28 t/ha/year (27), and significantly lower at 0.5 t/km²/year in the Srou 

Basin of the Middle Atlas (2). The annual soil erosion map (Fig. 9) rates ranged 

between 2.05 and 20806 m3/km2/yr. Similar to the USLE model, it has 6 classifications 

to ensure the quantifying comparison of each class. Accordingly, the very low-class 

forms 7.76% (27.15 km2), low 10.06% (35.23 km2), moderate 15.01% (52.55 km2), 

high 25.9% (90.62 km2), very high 30.4% (106.40 km2), and extreme 10.86% (38.02 

km2). Generally, the distribution of very-low-moderate (≈33%) and high-very-extreme 

(≈67%) classes were similar to those of the PAP/RAC model. 

The USLE is the second empirical quantifying model used in this study. The 

estimated average annual soil erosion in the Boudinar watershed was 20 t/ha/yr. The 

rates estimated in the Ghiss basin west of the study area in the same Rif mountainous 

region using RUSLE and USLE yielded 24 t/ha/year and 19 t/ha/year, respectively 

(18). Based on previous studies on erosion risk (18), the soil erosion map (Fig. 9) has 

six classifications: very low 55.82% (comprising 195.35 km2), low 17.80% (62.30 

km2), moderate 10.56% (36.95 km2), high 8.36% (29.25 km2), very high 4.44% (15.53 

km2), and extreme 2.20% (7.66 km2). The spatial distribution of high-very-extreme 

classes (15%) was almost in the same area as the other models but with lower 

effectiveness. Further, the very-low-moderate classes (85%) were present in most of 

the study area. 
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Fig. 8: Soil erosion maps of the four models used in this study. 

Qualifying comparison: The rainfall factor is the main difference between the AHP 

and PAP/RAC models, it is an essential factor with high weightage for AHP. Hence, 

the concentration of the high erosion classes in the soil erosion map of AHP was in the 

south of the watershed, where there is heavy rainfall. In contrast, the north and the 

middle east of the study areas were characterized by a low risk of high erosion. This is 

counter to the soil erosion map of PAP/RAC model, which shows a high percentage in 

classification in the north and the middle east. Further, there is a significant difference 

in the spatial distribution of the soil erosion maps between the two qualifying models, 

despite the percentage similarity in the very-low-moderate and the high classes. 

According to Fig. 9, the high and the moderate categories dominated in the AHP soil 

erosion map while for the PAP/RAC model the moderate, high, and very high groups 

were foremost. The analysis of the geographical pattern of soil erosion in the two maps 

shows that the PAP/RAC qualifying model's soil erosion map is more convincing. 
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Fig. 9: Class percentage of area cover of AHP and PAP/RAC models. 

Quantifying comparison: The soil thematic layer is the main limitation of the USLE 

model which was downloaded from the FAO soil map of the world website. Hence, it 

is characterized by low soil texture quality for small-scale areas as the Boudinar basin. 

According to this map, the basin has just two soil textures! The EPM model used the 

soil thematic layer of the 1:50,000 soil classification map from 1994 issued by the 

Nador Provincial Directorate of Agriculture; as it was based on fieldwork, it is more 

accurate and shows the basin having more than five soil textures. The data texture of 

silt, clay, and organic matter is the main reason for using the soil texture in the USLE 

model, to calculate the K factor. According to Fig. 10, the very-low classes were the 

most present in the soil erosion map of the RUSLE model, while the high-very high 

classes dominated in the EPM model. Therefore, despite the same spatial distribution 

of the erosion classes, the average annual soil erosion figures using the EPM 

quantifying model is much greater than the RUSLE model. 

 

Fig. 10: Class percentage of area cover of the USLE and EPM models. 

 

0 10 20 30 40 50 60

Very low

Low

Moderate

High

Very high

Extreme

EPM USLE



Anbar J. Agric. Sci., Vol. (23) No. (2), 2025.                   ISSN: 1992-7479        E-ISSN: 2617-6211 

1305 

Field evaluation: Field evaluation of the obtained results is an essential step in 

validating any modeling. A field mission was organized to verify the accuracy of the 

data provided by the erosion models. Equipped with GPS devices, the mission 

undertook detailed mapping of erosion areas in the Boudinar basin (Fig. 11). Despite 

the challenges of site accessibility in certain areas, thus limiting the scope of the 

validation, the team was able to accurately map erosion zones in the accessible areas 

(see Fig. 12). Therefore, the PAP/RAC model shows agreement with the field data. 

This consistency reinforces confidence in the model's ability to capture erosion 

processes in the Boudinar basin. The field validation thus provided crucial 

confirmation of the erosion models studied, while highlighting challenges and potential 

areas for improvement for more precise modeling in the future. 
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Fig. 11: Photos of the different erosion zones in the Boudinar basin. 

 

E03 E04 

E05 E06 

E07 E08 

E09 E10 

E01 E02 



Anbar J. Agric. Sci., Vol. (23) No. (2), 2025.                   ISSN: 1992-7479        E-ISSN: 2617-6211 

1307 

 

Fig. 12: Location of different erosion zones on the PAP/RAC erosion map. 

Conclusions 

This study presented a comparative analysis of the quantifying and qualifying 

factors on soil erosion in the Boudinar basin using USLE, EPM, AHP and the 

PAP/RAC methods. Eight thematic layers were selected and integrated into the GIS 

environment to produce different factors of the models used in the study. The AHP and 

the PAP/RAC qualifying models were first used to generate the soil erosion map. The 

qualifying comparison using the PAP/RAC method was found to be more effective for 

soil erosion mapping than the AHP method. Meanwhile, mean yearly soil erosion rates 

in the watershed based on EPM and USLE quantifying model calculations were 69 

t/ha/yr and 20 t/ha/yr, respectively. According to the quantifying comparison between 

the two empirical models, the EPM model performed better in determining soil erosion 

rates. 

Owing to the lack of field texture data, this study could not evaluate the performance 

of the USLE model. Hence, field work for pedologic characteristics studies was needed 

to produce the K factor for the model. Finally, significant similarity was noticed in the 

spatial distribution erosion classes between the soil erosion map of the EPM 

quantifying model and the PAP/RAC qualifying model. As a result, in cases where 

local texture data is lacking, the PAP/RAC model is recommended for generating soil 

erosion maps while the EPM should be used to estimate average annual soil erosion. 
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