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Abstract

:

Landslides and their disastrous consequences on the environment and human life have emphasized the need for a better understanding of the dangers associated with slope movement. The objective of this research was to assess and utilize mapping methods for predicting the hazards of landslides and thus to limit the damage of these phenomena more effectively. In the current investigation, multi-hazard mapping was employed in evaluating the risk of slope movements for the municipality of Bensekrane in Tlemcen in Algeria. There has been no hazard assessment made for the study area although it has factors responsible for triggering landslides. The standard Farès method (arithmetic and probabilistic) was employed, and the results were compared with those obtained from the modified Farès technique (arithmetic and probabilistic), which was developed based on a synthesis or combination of previous approaches. In the modified Farès technique, dynamic factors were also included, such as seismic activity, vegetation cover and groundwater level, and, thus, it was considered more reliable. However, the choice of method depended mainly on the availability of data from the study area. The maps obtained showed that the study area is susceptible to slope movements and will be employed for land use planning. The maps obtained by the arithmetic modified Farès method were different from those obtained by the arithmetic Farès method. The former presented a large part of the surface (88%) with an average hazard, unlike the latter, which presented the largest surface (66%) and a low hazard. The maps generated by the probabilistic modified Farès method showed a surface with a high hazard, unlike that obtained by the probabilistic Farès method, where a high hazard did not exist. These differences between the maps were due to the addition of dynamic factors. It is better to choose the modified Farès method, which takes into account all the factors that exist in reality. In this study, enhanced spatial, natural hazard maps were created using the modified Farès method to better aid decision makers and builders in making correct choices for increased safety and town planning. It is crucial to be able to utilize reliable maps based on multi-hazard risk assessment for land development purposes to lessen the possibility of destructive landslides. The modified Farès method can be applied to any other comparable areas around the world.
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1. Introduction


Earthquakes and landslides are constant threats to human life in many parts of the world [1,2]. Hills with steep slopes, for example, are inherently unstable, thus, resulting in natural catastrophes during rainy seasons [3]. The loss of life due to landslides is especially serious in mountainous areas. The creation of landslide susceptibility maps can provide decision makers with tools for safeguarding the environment and human lives. The modeling and forecasting of land movement vulnerability threats can aid in monitoring and averting a variety of humanitarian and environmental damages [4,5,6].



Communities with high population densities and located in regions with high slopes prone to earthquakes face geological hazards such as debris flows and rock avalanches [7,8,9]. For the safety of local inhabitants, there is a need to be able to better assess the risk to buildings, especially those that are old and that do not meet modern regulations. Risk assessment with regards to multi-geohazards is urgently required. Reports from major international organizations have recognized the importance of multi-hazard risk assessment [10,11]. One drawback or shortcoming is that most previous studies have employed only a single-hazard risk assessment. This is not sufficient for communities facing multiple hazards such as earthquakes, landslides, flooding and fire. Carrington [12,13] examined the influence of disasters on the resources of emergency departments situated in local communities. They concluded that better disaster planning and readiness strategies can help to overcome health resource shortfalls. Additionally, case studies of past calamities are required to better understand the effects of disasters on emergency department performance and their resources [14,15,16].



Scientists try to predict hazardous natural phenomena, to study them and to limit their damage [1,17]. Their origins are varied; they can be geophysical, such as earthquakes and volcanic eruptions, hydrometeorological, such as cyclones, storms, floods and avalanches or geomorphologic, such as ground movements [18,19,20,21]. In the case of land movement, they are triggered mainly in areas where soil balance conditions are relatively precarious and are often aggravated by hydraulic, seismic or anthropic stresses. To limit the catastrophic effects of these phenomena, their prevention and prediction is part of a global policy of risk reduction [22,23,24]. Furthermore, ground movements are events which can be very slow or extremely fast, spectacular and often harmful [25]. Almost all are only normal episodes of the external phase of a geologic cycle or a structural defect [26]. There are numerous classifications due to the diversity of factors responsible for movements of slopes proposed by geologists and geotechnical engineers. Likewise, some movements may evolve and give birth to another type of movement. For example, crawling can change into a landslide. For this reason, it is essential to work with a variety of slope movements [14,27].



There is a variety of methods available for evaluating the hazard due to slope movements [28,29]. However, deciding which one is the most reliable and what are the triggering factors needs to be explored. Furthermore, dynamic and permanent factors are present at the same time. Thus, approaches that consider only one type of factor are not very realistic, and, so, methods that consider both dynamic and permanent factors at the same time should be developed [30,31,32,33]. In general, the permanent factors are the slope, the lithology and the indices of instability, whereas the dynamic factors are the seismicity, the vegetation cover and the groundwater level; Table 1 presents permanent factors, such as site conditions, and dynamic, time-varying factors, such as precipitation and temperature, which may trigger these phenomena [15].



There has been no rigorous risk assessment made for the case study area in Bensekrane in Algeria even though it possesses factors responsible for triggering landslides. The multi-hazard risk assessment and landslide susceptibility mapping technique that supports the greatest number of triggering factors is the most adequate because it better represents reality. Data concerning the dynamic factors can be obtained, especially about seismicity, vegetation cover and the groundwater table.



In the current investigation, multi-hazard mapping was employed in evaluating the risk of slope movements using as a case study the municipality of Bensekrane in Tlemcen in Algeria. For the evaluation of a hazard, the standard Farès method and a modified Farès technique were chosen. The latter includes dynamic as well as permanent factors, while the former standard technique only considers permanent factors. Both methods were selected to assess the differences in the maps produced by different levels of input data.




2. Data and Methodology


2.1. Description of Study Area


The study area was defined as the municipality of Bensekrane, covering an area of 780 Km2 and including the R’kham, Takbalet and Guetna agglomerations (Figure 1). It is characterized by a rugged terrain with slopes varying between 0% and 30% and consisting of clay and travertine. It is bordered to the south by the municipality of Amieur, to the east by the municipality of El Fehoul, to the west by the municipality of Sidi Abdelli and to the north by the municipalities of El Kihel and Aghlal [15].




2.2. Influencing Factors


Usually, the creation of a hazard map consists of two phases. In the analytical phase, an inventory is made of current and archival documents, and data are gathered from inquiries and from observations of the ground [16]. The second phase involves interpretation and synthesis. Likewise, the methods can be qualitative or quantitative, direct or indirect. They relate to hazard zoning in a descriptive and quantitative manner. Descriptive methods are subjective in contrast to quantitative methods, which provide a numerical estimate (probabilities) for the occurrence of the phenomena in all the zones of hazard [16,17,18,19].



A statistical study, such as that of Anbalagan [35], was first performed to establish the degree of causality (relation of a cause and an effect) between factors and phenomena to define the quantitative criterion, to distinguish the stable zones from the unstable zones and to estimate the hazards in the region [19,20]. The degrees of hazard may be classified from very low to very strong. The triggering factors considered by Anbalagan [35] were lithology, relationship between orientation of discontinuities and slope, elevation and degree of vegetation ground cover. This method considered three permanent factors and only one dynamic factor. The features were insufficient for producing a reliable hazard map. In this method, it was the elevation that was considered. Elevation is the altitude relative to the mean sea level, while slope is the difference in altitude divided by horizontal distance. This gives information about the study area (e.g., hilly or flat terrain). It is possible, for example, to have a significant elevation with a flat terrain. Therefore, the choice of the slope is more sensible than that of elevation. It was for this reason that the dynamic factors were included since this was more representative of the real world.



The purpose of a hazard map is to provide information about the probability of occurrence of a natural hazard in a specific location. It should assist in responsible behavior from citizens and decision makers [17,38]. A statutory zoning map is a planning tool used by national and local authorities to regulate and controls land use and development. It may impose restrictions on construction of buildings to reduce the risk. It can be argued that it is intended not only for political authorities, but also for concerned citizens. The plans of risk prevention (PRP) indicate the zones in which regulations are imperative for new projects [17,38]. In addition to the permanent factors that trigger landslides, dynamic factors such as seismicity, vegetation cover and groundwater level should be included in any multi-hazard risk assessment. In the present case, the input data and methodology were selected based on literature reviews, which allowed us to produce a realistic multi-hazard map (details in the next section).




2.3. Methodology


Several methods were identified for assessing a hazard due to slope movements. Each method considers several triggers. The choice of these factors often depends on a researcher’s specialty (e.g., geologist, geographer or engineer) and the data availability. One should adapt to each situation, especially regarding the availability of data. The standard Farès method is based solely on permanent factors. However, dynamic factors are present and can actively participate in triggering slope movements. It was for this reason that an improvement was proposed by including dynamic factors. Some methods only consider the active factor such as groundwater and do not make it possible to model other factors such as vegetation cover and seismicity. However, the modified Farès method considers the mentioned dynamic factors (i.e., groundwater level, seismicity and vegetation cover). Thus, the modified Farès was selected in addition to the standard Farès method and was applied in this study to produce a reliable hazard map. Later, the maps produced by both the methods were compared to see the difference in results at different levels of input data used.



2.3.1. Method of Farès


The methodology consisted of separately mapping the factors bound to the slope, to the lithology (i.e., geology) and to instability factors [36]. An index (I) was then assigned for each factor (IP for slope, IL for lithology and II for indices of instability). This index reflected the importance of the genesis of these instabilities and allowed for the translation of factors into simulation maps of the hazard. The combination of these maps by using arithmetical and probability evaluation allowed for the creation of two hazard maps [15,37].



The assessment of the hazard was first performed by the arithmetic technique where the risk indices were IP, IL and II (Table 2). The risk indices were added together (i.e., IP + IL + II). Then, classes were obtained to define the intensity of the hazard. Furthermore, a probabilistic method was also employed. It consisted of converting the risk indices into terms of partial probability. The risk related to the slope was graded in four levels, the lowest index (1), corresponding to a probability of ¼, or index (2), which represented a probability of ½. Beyond that, the value of the slope was considered decisive. The highest index (4) corresponded to a probability of risk 1 (Table 2). Thus, the risk assessment was estimated as the product of the probabilities of the different factors. To obtain the map of the spatial occurrence, probabilities of the risk (its minimum was 1%, its maximum was 100%) were indicated by PR (i.e., PP × PL × PI). The partial properties allowed us to obtain classes that defined the intensity of the hazard. The factors taken in account are given in Table 3. They are slope, geology or lithology and geomorphology or instability indices [37].




2.3.2. Modified Farès Method


The modified Farès method integrates both permanent and dynamic risk factors. Permanent factors incorporated include slope, lithology (i.e., geology) and indices of instability. Dynamic or time-varying factors that were added to the hazard analysis were groundwater level, seismicity and vegetation cover.



The assessment of the hazard was performed by the arithmetic method, where the risk indices, IP, IL, II, IS, IV and IN (IP for slope, IL for lithology, II for indices for instability, IS for seismicity, IV vegetation cover and IN for groundwater level), were added up. Then, classes were obtained to define the intensity of the hazard. In addition, the probabilistic technique was employed where the indices were converted to partial probability (Table 4) and then multiplied together to make a product (i.e., PP × PL × PI × PS × PV × PN). The partial properties allowed us to obtain classes that defined the intensity of the hazard. The factors taken in account are given in Table 5 and are the slope, the geology or lithology, the geomorphology or instability indices.





2.4. Input Data


The study area was the municipality of Bensekrane belonging to the district of Tlemcen in Algeria, situated at the edge of Wadi Isser, the main tributary of the Tafna [15].



2.4.1. Permanents Factors


The municipality is characterized by slightly raised but uneven ground with slopes varying from 0 to 30%. It is hilly and sometimes has abrupt breaks around the marble quarries with slopes between 30 and 35%. The map shows the distribution of slopes in the commune of Bensekrane [24] (Figure 2a). The map of the slopes was made from a topographic map using MapInfo GIS. Furthermore, slopes were divided into 6 classes, because the limit slope, equal to 33%, was calculated by the stability calculation code FLAC2D [14,15]. According to Farès [37], the indices of the slopes were given by the values IP = 1 for 0–10%, 10–15%, 15–20%, 20–25% and 25–30% because these intervals were lower than the limit slope calculated by the FLAC2D software. IP = 2 for 30–35%, 3 for 35–55% and IP = 4 for >55%.



The areas indicating soil instability, such as surface erosion, gully erosion, soil creep and strike-slip faults, were prepared using MapInfo GIS [39] in vector mode. Figure 2b [15] shows the instability indicators present in the study area. The signs of instability present allowed us to map the instability indices given in Figure 3.



The signs of instability were observed on the ground and classified as:



II = 1 for surface erosion, II = 2 for leaning trees, II = 3 for soil creep, II = 4 for strike-slip faults, II = 5 for gully erosion [15,37,39].



Regarding the geology and lithology of the study area, it consisted of a thick layer of sandstone and clay marl. There was also the presence of travertine [39]. The lithology is an essential factor in the stability of hillsides (Figure 4) [15]. The distribution was shown in the following way:



IL = 1 for travertine, IL = 2 for stoneware, IL = 3 for clay marl [15,37,39].




2.4.2. Dynamics Factors


Dynamic factors were included in the modified Farès method. This included the groundwater, the seismicity and the vegetation cover [15]. The piezometric surface of the groundwater in the municipality of Bensekrane is shown in Figure 5a [15,39]. The level of the groundwater is situated at a depth between 80 m and 200 m [39]. Concerning the effect of the groundwater level, the indices were assigned based on the depth as follows: [9,15,37]: IN = 1 for 75–100 m, IN = 2 for 50–75 m, IN = 3 for 25–50 m, IN = 4 for 0–25 m. In the present case, (IN) was taken equal to 1.



According to the new zoning of the Algerian earthquake-resistant regulation, the RPA 99 (2003) in [9,15,37], IN = 1 for 75–100 m, IN = 2 for 50–75 m, IN = 3 for 25–50 m, IN = 4 for 0–25 m. In the present case, (IN) was taken equal to 1.



The municipality of Bensekrane was classified as Zone 1, thus, IS = 2. (Figure 5b).



Plant cover may contribute to stabilizing the soil. The denser the vegetation cover, the greater the contribution to stabilization. The vegetation cover (Figure 6) present in our study area was: annual culture, arboricultural, citrus and vine [39], the index of which was IV and which can contribute to the stability of slopes.



The value of IV was determined by the density of vegetation:



IV = 1 for very dense vegetation cover, forest vegetation, IV = 2 for medium-dense vegetation cover, surface of moderate vegetation, IV = 3 for low-density vegetation cover, some plantations, IV = 4 for bare, arid soil [15,37,39].



For Bensekrane, the IV = 2 for moderately dense vegetation cover, moderate vegetation surface (annual culture, arboricultural, citrus). IV = 3 for low vegetation cover, some plantations.




2.4.3. Development of Multi-Hazard Risk Assessment Map


The indices of each factor were grouped, as shown in in Table 6. Table 6 represents indices of permanent and dynamic factors present in the study area. The sum of these indices (IP + IL+ II + IS + IV + IN) allowed for determination of the hazard classes to establish the maps. The partial probability was grouped as shown in the Table 7; it was obtained by converting the indices and then multiplying them together to make a product (PP × PL × PI × PS × PV × PN) to obtain classes that define the intensity of the hazard. The natural hazard was determined according to the arithmetical and probability methods (Figure 7).



All the maps were prepared using MapInfo GIS in vector mode. Figure 7 represents a summary of the methodology applied in obtaining the hazard maps. It was enough to have the maps of the trigger factors considered; then, it was necessary to determine the risk indices for each factor, which were translated into partial probabilities. The evaluation of global hazard was achieved by arithmetic and probabilistic evaluation. The result obtained represented hazard classes, which allowed us to obtain two hazard maps: the first for the arithmetic evaluation and the second for the probabilistic evaluation.






3. Results and Discussion


The hazard maps were created and compared based on two methods: the standard Farès method and modified Farès method (using arithmetic and probabilistic approaches) for the municipality of Bensekrane in Algeria.



3.1. Hazard Assessment by Method of Farès


The natural hazard was determined according to arithmetical and probability approaches.



The first one consisted of adding up the indications IP + IL + II, which gave a minimum value of 3 and a maximum of 12 [15]. These zones were reduced to four classes defined as follows:




	−

	
Class 1 (3–5): low hazard (520.62 Km2);




	−

	
Class 2 (6–8): average hazard (214.68 Km2);




	−

	
Class 3 (9–10): high hazard (17.7 Km2);




	−

	
Class 4 (11–12): very high hazard.









The classes and intervals were translated into a map of natural hazards (Figure 8). There was no very high class of hazard on this map. The probability method consisted of converting the indications in partial probabilities. The products of these, PP × PL × PI × 100, estimated or represented the hazard level. The percentages were classified in four levels:




	−

	
Level 1 (1–10%): low hazard (547.62 Km2);




	−

	
Level 2 (10–30%): average hazard (232.38 Km2);




	−

	
Level 3 (30–50%): high hazard;




	−

	
Level 4 (50–100%): very high hazard.









By comparing the two arithmetic and probabilistic approaches, we noticed that the maps obtained presented differences concerning the distribution of the hazard. This was due to the methodology of the approach; the arithmetic approach is a summation of the indices, whereas the probabilistic approach is a conversion of the indices towards a partial probability. The difference was in the central and eastern regions, which presented a high hazard.



These classes and intervals were translated into a map of natural hazards (Figure 9). There were no high hazard or very high hazard classes on this map.




3.2. Hazard Assessment by Modified Farès Method


The natural hazard was determined according to the arithmetical and probability methods. The first one consisted of adding up the indications IP + IL + II + IS + IV + IN, which gave a minimum value of 6 and a maximum of 25 [15].



The hazard zones were reduced to four classes defined as follows (Figure 10):




	−

	
Class 1 (6–10): low hazard (43.65 Km2);




	−

	
Class 2 (11–15): average hazard (687.48 Km2);




	−

	
Class 3 (16–20): high hazard (48.87 Km2);




	−

	
Class 4 (21–25): very high hazard.









There was no very high hazard class on this map (Figure 10).



After converting the indices to partial probability, the product: PP × PL × PI × PN × PS × PV × 100 was calculated to estimate the hazard. The hazards were classified into four levels (Figure 11):




	−

	
Level 1 (0–0.5%): low hazard (547.62 Km2);




	−

	
Level 2 (0.5–1.25%): average hazard (178.63 Km2);




	−

	
Level 3 (1.25–4%): high hazard (53.75 Km2);




	−

	
Level 4 (>4%): very high hazard.









There was no very high hazard class on this map (Figure 11).



Comparing the natural hazard maps developed using the arithmetical method, it was observed that the map created with the modified Farès method (Figure 11) was more realistic than that based on the technique of Farès (Figure 8) because we included the dynamic factors presents in the study area. The method of Farès (Table 4) allowed us to obtain two maps since it uses the arithmetic and probabilistic method for the evaluation of the hazard. The comparison between these two maps showed that the map made by the arithmetic Farès method (Figure 8) represented three levels of hazard: low, average and high. The one obtained by the probabilistic Farès method (Figure 9) contained only the low and average levels. The high level represented the areas where the slope is very high (30–35%) (Figure 2). This was due to the methodology of the approach; the arithmetic approach is a summation of the indices, whereas the probabilistic approach is a conversion of the indices towards a partial probability.



There were large areas (687.48 Km2) where the hazard was average. This was due to the summation of the triggers (permanent and dynamic) in the arithmetic method. We noticed that adding the indices or multiplying the partial probabilities influenced the intensity of the hazard. The comparison of the two maps obtained by the arithmetic Farès method (Figure 8) and by the customized (modified Farès) arithmetic method (Figure 10) showed that they were completely different maps; this was due to the addition of dynamic factors, seismicity, vegetation cover and groundwater. The addition of these factors affected the final map results.



It can be argued that the addition of dynamic factors influenced the assessment. The effect of the groundwater level apparently had a weak influence because of its high depth below the ground (Figure 5b). On the other hand, the vegetation cover and the seismicity of the zone influenced the results (Figure 10 and Figure 11). The probabilistic assessment of the hazard by the two methods yielded results that appeared almost similar. However, the modified Farès method, which included multi-hazard dynamic factors, produced what we hoped would be a more reliable map. The objective of the present study was achieved because the maps obtained showed the influence of dynamic factors in the evaluation of the hazard. Similar conclusions were observed in studies reported by Labriki, Byou and Zhou [7,8,40].



The current investigation resulted in four multi-hazard risk assessment maps. The reliability of these maps remains to be determined. Instabilities at the site should allow for confirmation of the dependability of the map. A key point to remember relates to being able to predict or to estimate when and where the failure of a slope (i.e., landslide) will occur. In other words, the level of probability of occurrence in fact modulates the degree of hazard. Our approach has been validated by multi-risk studies, hence, our interest in adding dynamic factors [41,42]. This requires the quantitative monitoring of embankments at risk. It is necessary to mention that the addition of the seismic effect was possible because of the availability of seismic zoning regulations in the case study region. A dynamic study of clay slopes showed that the introduction of dynamic factors increased the risk associated with slope movements and obtained a similar result [43]. Refinements to the maps will probably need to be added eventually. This can be the objective of future research.



The establishment of these maps makes it possible to see the influence of dynamic factors. The choice of map depends on the intensity of the hazard on each map. The selection of the method likewise depends on the data available for the area to be considered.





4. Conclusions


Multi-hazard risk assessment maps were created using permanent and dynamic factors, namely, seismic activity, vegetation cover and groundwater level. Results showed that a large area of the case study region presented a low hazard. The addition of dynamic factors allowed different maps to be generated, indicating the importance of active features in hazard evaluation. The modified Farès method, which had more input data, showed a slight difference compared to the standard Farès methods, which had less data as input. It was preferable to use the modified Farès method. The differences, although minimal, can create risks for structures and for inhabitants. However, one could conclude that the results from the standard Farès method could be utilized in data-scare situations with a similar geographical set-up to the current study area. Furthermore, continued urbanization in these safe zones can be envisaged without decision makers having to take major protective measures. On the other hand, zones exposed to high hazards (e.g., landslides) can be urbanized, but it will be necessary to incorporate protective works. It can be argued that the reliability of the maps can only be known after 50–100 years.



In closing, it is the appearance of instabilities at the site level that allows stakeholders such as town and urban planners to declare whether a hazard map is a reliable predictor or not. Such maps help decision makers and builders in their choices for enhanced safety and town planning. It is crucial to be able to utilize reliable maps based on multi-hazard risk assessment for land development purposes to lessen the possibility of destructive landslides.
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Figure 1. Study area. 
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Figure 2. (a) Slope map; (b) map of instability indicators. 
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Figure 3. (a,b)The indicators of instability. 
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Figure 4. Geological map. 






Figure 4. Geological map.



[image: Sustainability 15 02812 g004]







[image: Sustainability 15 02812 g005 550] 





Figure 5. (a) The hydrogeological map; (b) the seismic map. 
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Figure 6. Vegetation cover map. 
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Figure 7. Schematic of modified method for mapping natural hazard of slope movement (dynamic factors were included). 
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Figure 8. Natural hazard map based on the arithmetic method of Farès. 
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Figure 9. Natural hazard map based on the probabilistic method of Farès. 
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Figure 10. Natural hazard map based on the arithmetic method of Farès. 
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Figure 11. Natural hazard map based on the probabilistic method of Farès. 
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Table 1. Triggering factors [15].
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References

	
Triggering Factors






	
Laboratoire Central des Ponts et Chaussées (LCPC) [34]

	
Gravity




	
Water




	
Morphology




	
Vegetation




	
Climate




	
Earthquakes




	
Volcanism




	
Anbalagan [35]

	
The lithology




	
The discontinuities




	
The slope




	
The relief




	
The hydrogeology




	
The vegetation




	
Farès [36,37]

	
The lithology




	
Instability indices




	
The slope
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Table 2. Conversion of the risk indices into partial probability by Farès method [37].
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	IP
	1
	2
	3
	4
	-



	PP
	0.25
	0.5
	0.75
	1
	



	IL
	1
	2
	3
	4
	5



	PL
	0.2
	0.4
	0.6
	0.8
	1



	II
	1
	2
	3
	4
	5



	PI
	0.2
	0.4
	0.6
	0.8
	1
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Table 3. The factors of the Farès method [37].
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Method

	
Considered Factors

	
Risk Indices

	
Partial Probability






	
Farès, 1994

	
Lithology

	
IL

	
PL




	
Instability indices

	
II

	
PI




	
Slope

	
IP

	
PP
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Table 4. Conversion of the risk indices into partial probability by modified Farès method [15].
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	IP
	1
	2
	3
	4
	-



	PP
	0.25
	0.5
	0.75
	1
	



	IL
	1
	2
	3
	4
	5



	PL
	0.2
	0.4
	0.6
	0.8
	1



	II
	1
	2
	3
	4
	5



	PI
	0.2
	0.4
	0.6
	0.8
	1



	IS
	1
	2
	3
	4
	5



	PS
	0.2
	0.4
	0.6
	0.8
	1



	IV
	1
	2
	3
	4
	-



	PV
	0.25
	0.5
	0.75
	1
	



	IN
	1
	2
	3
	4
	-



	PN
	0.25
	0.5
	0.75
	1
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Table 5. Factors of the modified Farès method [15].
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Method

	
Considered Factors

	
Risk Indices

	
Partial Probability






	
Modified

Farès

	
Permanent

	
Slope

	
IP

	
PP




	
Lithology

	
IL

	
PL




	
Instability indices

	
II

	
PI




	
Dynamic

	
Seismicity

	
IS

	
PS




	
Vegetation cover

	
IV

	
PV




	
Groundwater

	
IN

	
PN











[image: Table] 





Table 6. Indices of factors of the modified Farès method according to the study area [15].
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	Factors
	Indices of Each Factor





	Slope
	IP = 1 for a slope of 0–30%

IP = 2 for a slope of 30–35%



	Lithology
	IL = 3 for marly clay

IL = 1 for travertine



	Instability indices
	II = 5 for gullying

II = 4 for strike-stripe faults

II = 3 for creep soil

II = 1 for surface erosion



	Seismicity
	IS = 2 for Zone 1



	Vegetation cover
	IV = 2 for moderately dense vegetation cover, moderate vegetation surface

IV = 3 for low vegetation cover, some plantations



	Groundwater
	IN = 1 for a depth of 75–100 m
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Table 7. Partial probability of the modified Farès method according to the study area [15].
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	Factors
	Indices of Each Factor





	Slope
	PP = 0.25 for a slope of 0–10%

PP = 0.5 for a slope of 30–35%



	Lithology
	PL = 0.6 for marly clay

PL = 0.2 for travertine



	Instability indices
	PI = 1 for gullying

PI = 0.8 for strike-stripe-faults

PI = 0.6 for creep soil

PI = 0.2 for surface erosion



	Seismicity
	PS = 0.4 for Zone 1



	Vegetation cover
	PV = 0.5 for moderately dense vegetation cover, moderate vegetation surface

PV = 0.75 for low vegetation cover, some plantations



	Groundwater
	PN = 1 for a depth of 75–100 m
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