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The earthquake landslide hazard assessment method is mainly based on the traditional Newmark model. However, when the landslide hazard assessment is carried out along the fault zone, the calculated results are often different from the actual situation because the influence of fault effect is not fully considered. Therefore, how to construct a landslide hazard assessment model suitable for the fault zone is a technical problem to be solved by researchers. Taking the Lixian–Luojiabu fault zone in Gansu Province in China as the study area, this paper put forward the concept of fault effect correction coefficient exploringly, systematically studied the relative distance relationship between the landslide and fault zone, and the relative position relationship between landslide and upper and lower sides of the fault zone. The value table of the fault effect correction coefficient along the Lixian–Luojiabu fault zone was established, and the corresponding distribution map of the fault effect correction coefficient was drawn. Based on this, an improved Newmark model for the landslide hazard assessment along the fault zone was constructed. On the basis of systematic analysis of the slope and engineering geological rock group in the study area, the traditional Newmark model and improved Newmark model considering fault effects were used, respectively, to carry out the earthquake landslide hazard assessment under the condition of 10% exceeding probability in 50 years, and the ROC curve and Kappa coefficient methods were used to compare and analyze the evaluation results. The results showed that the AUC value and Kappa coefficient of the danger area obtained by the improved model with the Newmark model were 0.841 and 0.822, respectively, which were significantly higher than the calculated values of the traditional Newmark model, indicating that the model had a good improvement effect. The Newmark improved model, considering the fault effect, fully considered the influence of distance from the fault zone and fault upper and lower side effects, and the research results can provide a new reference for the landslide hazard assessment along the fault zone.
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1 INTRODUCTION
China is a country with frequent earthquakes. Active fault zones and tectonic zones are widely distributed in the mainland of China. Both inter-plate and intra-plate tectonic activities are very strong. In particular, in the weak areas of active fault zones or tectonic zones, destructive earthquakes are more likely to occur, which has a great impact on the daily life of local residents (Wang, 2018). According to data statistics, strong ground vibration along the active fault zone not only causes serious dislocation deformation of buildings but also easily induces secondary geological disasters such as landslide, collapse, debris flow, and sand liquefaction (Huang and Li, 2009; Peng et al., 2009; Guo et al., 2020; Chen et al., 2022; Li C. H. et al., 2023a; Bai and Xu, 2023; Li Y. W. et al., 2023b). Among these secondary geological disasters, landslide is one of the most developed disasters along the active fault zone. In the last century, landslides triggered by earthquakes have claimed hundreds of thousands of lives and caused huge economic losses (Schuster and Alford, 2004; Dunning et al., 2007; Yin, 2008; Huang, 2009; Lan et al., 2013; Xu et al., 2014; Xu et al., 2018; Sidorin, 2020; Wang et al., 2020; Qiu et al., 2024).
In the late 1960s, researchers in developed countries such as the United States, Britain, and France began to explore how to scientifically and rationally use the mechanical analysis model to carry out the regional landslide hazard assessment. The most commonly used regional earthquake landslide hazard assessment method in the world is based on the Newmark cumulative displacement theory (Newmark, 1965), which further calculates the permanent displacement of slopes under earthquake conditions and takes it as the basis for earthquake landslide hazard zoning (Wu and Wang, 2008). Wilson and Keefer (1983) and Wilson and Keefer (1985) carried out a regional earthquake landslide hazard assessment of the slope zone along the fault zone in the Los Angeles area of the United States using the Newmark model. Ambraseys and Menu (1988) constructed an analysis model based on the critical acceleration ratio for the first time on the basis of fully collecting the monitoring records of the earthquake network from 1940 to 1981. Milesa and Ho (1999) integrated GIS software into Newmark calculation and analysis, used the displacement value calculated by the Newmark model to classify the earthquake and landslide hazard in the San Francisco East Bay mountains into four levels, and compiled the corresponding earthquake and landslide risk distribution map. Based on the Newmark cumulative displacement method, Jibson et al. (2000) conducted an inversion analysis of the earthquake landslide hazard induced by the 1994 Northridge earthquake in California, United States. Rathje and Saygili (2008) took into account the different transcendental probability factors under earthquake conditions, and based on the improvement of the existing Newmark model, they completed the earthquake landslide hazard assessment under different transcendental probability conditions in Southern California. Daniel et al. (2013) compared the landslide induced by the 1994 Northridge earthquake in California with the landslide based on the displacement prediction of the slider and discussed the accuracy of the evaluation model. Shinoda and Miyata (2017) based on the Newmark model, considered the slope failure direction on the basis of determining the slope azimuth angle, and improved the regional earthquake landslide hazard assessment method.
In China, research on the regional landslide hazard assessment using the Newmark model started relatively late, but the research results in this area are gradually increasing in the past 10 years. Based on the analysis of Wenchuan earthquake data, Xu (2010) modified the Newmark model coefficient and established a slope permanent displacement prediction model suitable for the Sichuan area. Wang et al. (2013); Wang et al. (2015) took 11 counties and cities in the Wenchuan Ms8.0 earthquake disaster area as an example, proposed a rapid emergency assessment method for the earthquake landslide hazard based on the simplified Newmark displacement model, and carried out an in-depth discussion on the concept of the earthquake landslide hazard and mechanical assessment methods. Chen et al. (2013), Chen et al. (2018), and Chen et al. (2019) studied the landslide hazard assessment of the Lushan earthquake affected area in Sichuan, Ludian earthquake affected area in Yunnan, and Jiuzhaigou earthquake affected area based on the Newmark model. Yang et al. (2017) used the Newmark model to quickly evaluate the spatial distribution of the landslide hazard induced by the Nepal Ms8.1 earthquake in 2015, and the evaluation results basically reflected the basic characteristics of the earthquake-induced landslide hazard distribution in the area. Taking the 2008 Wenchuan Mw 7.9 earthquake area as an example, Ma and Xu (2019) presented the landslide hazard assessment and slope failure function using two Newmark displacement models regressed by regional and global station records. Then, Ma et al. (2023) used the machine learning method to compare and analyze the new generation of the seismic landslide hazard model proposed by Xu Chong and the traditional Newmark model in the MW 5.8 Lushan earthquake area, and discussed the accuracy and applicability of the two models. Zeng et al. (2023) proposed to combine the PMBM based on the Newmark method with EFBM to form the Newmark-information value model (N-IV), Newmark-logic regression model (N-LR), and Newmark-support vector machine model (N-SVM) for the earthquake landslide hazard assessment on the Ludian MW 6.2 earthquake in Yunnan, and had achieved a better prediction effect.
In summary, scholars mainly use the Newmark mechanical analysis model to carry out the earthquake landslide hazard assessment. Based on this, the model coefficients are modified according to the characteristics of the research area, and the corresponding improved models are proposed. These research results extend the application scope of the Newmark model to a certain extent. However, active fault zones in China are widely distributed, especially the landslide along the fault zone is highly developed. How to scientifically and reasonably use the Newmark model to carry out the landslide hazard assessment along the fault zone and whether to establish an improved Newmark model suitable for the fault zone are technical problems to be solved by scientific researchers. Taking the Lixian–Luojiabu fault zone in Gansu Province in China as an example, this paper explores the concept of the fault effect correction coefficient and constructs an improved Newmark model suitable for the landslide hazard assessment along the fault zone, in order to provide scientific basis for local government disaster prevention and mitigation.
2 STUDY AREA
The Lixian–Luojiabu fault zone in the Gansu Province of China starts from Tanchang in the west; passes through Taoping, Lixian, and Luojiabu; and extends to Jiezikou in the east, with a total length of approximately 150 km. It is characterized by both inclinative and left-handed development. The fault zone is mainly composed of three oblique secondary fault segments on the plane. The western segment starts from the east of Tanchang and ends to the east of Lixian, which is approximately 90 km long. The middle section starts from the south of Lixian and ends to the northeast of Luojiabu, which is approximately 40 km long. The eastern section starts from the west of Tianshui Town and ends to the east of Pingnan Town, which is approximately 20 km long. This paper takes the key area (the middle section) of the fault zone as the study area, which is located at the junction of the northern Lixian of Longnan City and the southwestern Qindu District of Tianshui City. It is the seismogenic fault of the 1654 Luojiabu 8.0 earthquake. The epicenter is located near the Luojiabu Town in the eastern section of the fault zone, and the maximum intensity can reach XI (Han, et al., 2001; Yang et al., 2015). The lithology of the strata exposed in the area includes Yanshanian biotite porphyritic granite, Devonian sandstone and slate, Carboniferous siltstone and limestone, Paleogene conglomerate and sandstone, Neogene red clay, Middle-late Pleistocene loess, and Holocene alluvial gravel. There are a large number of landslides along the fault zone. According to data collection, remote sensing interpretation and field investigation, it was found that 588 landslides have occurred on both sides of the Lixian–Luojiabu fault zone and the density of landslides is very high (Figure 1).
[image: Figure 1]FIGURE 1 | Landslide distribution map in the study area.
3 ASSESSMENT METHODOLOGY
3.1 Calculation of the fault effect correction coefficient
For the Lixian–Luojiabu fault zone, the author carried out research on the fault effect of seismic geological disasters based on GIS technology and achieved research results on the correlation between landslide development and the fault zone (Feng et al., 2021). Through further analysis, it is found that the development of landslide is most affected by the distance from the fault zone and the relative position of the upper and lower sides. These two factors are static factors, while the direction of landslide movement and seismic intensity are dynamic factors that are difficult to predict. Therefore, the influence of the first two factors on the development of landslide should be considered. In order to carry out the landslide hazard assessment along the fault zone more accurately, the author puts forward the concept of the fault effect correction coefficient, which is a comprehensive correction coefficient value obtained by considering the two factors of the distance from the fault zone and the relative position of the upper and lower sides, and the parameter is expressed by β. The specific calculation method of the fault effect correction coefficient is represented as follows:
First, according to the relative distance between the landslide and the Lixian–Luojiabu fault zone, the density of landslide distribution points under different fault distance classification conditions is calculated (Figure 2). Because the landslide in the area 10 km away from the fault zone is the weakest controlled by the fault, the landslide point density value in the area >10 km away from the fault zone is used as the reference value, and the ratio of the landslide point density value in each fault distance classification to the landslide point density value in the area >10 km away from the fault is used as the correction value of the fault distance. The maximum amplification effect of the fault distance on the landslide development is 1.1. The correction value of the fault distance under all fault distance classification is normalized (normalized interval 1–1.1), and the fault distance correction coefficient graph of the landslide along the Lixian–Luojiabu fault zone is obtained (Figure 3).
[image: Figure 2]FIGURE 2 | Graph of the relationship between the landslide point density and fault distance.
[image: Figure 3]FIGURE 3 | Fault distance correction coefficient graph of landslide.
Second, according to the relative position relationship between the landslide and the upper and lower sides of the Lixian–Luojiabu fault zone, the density of landslide points in the upper and lower sides of the fault zone is calculated (Figure 4). It is worth noting that when point density analysis is carried out because the landslide in the area outside 10 km from the fault zone is weakly controlled by the fault and when the density value of the landslide point is carried out, the study area is divided into three grades: the upper wall area within 10 km from the fault zone, the lower wall area within 10 km from the fault zone, and the area beyond 10 km from the fault zone. Because the landslide in the area 10 km away from the fault zone is weakly controlled by the fault, the landslide point density value corresponding to the area 10 km away from the fault zone is taken as the reference value, and the ratio of the landslide point density value corresponding to the upper and lower sides classification area to the landslide point density value corresponding to the area 10 km away from the fault zone is taken as the upper and lower side correction value. The maximum amplification effect of the upper and lower side positions on the landslide development is limited to 1.1. The upper and lower side correction values in all classification areas are normalized (normalized interval 1–1.1), and the upper and lower side position correction coefficient graph of the landslide along the Lixian–Luojiabu fault zone is obtained (Figure 5).
[image: Figure 4]FIGURE 4 | Graph of the relationship between the landslide point density and the upper and lower side positions.
[image: Figure 5]FIGURE 5 | Upper and lower side position correction coefficient graph of landslide.
Finally, the correction coefficient of the fault distance in Figure 3 and the correction coefficient of the upper and lower side position in Figure 5 are multiplied to obtain the value table of the correction coefficient of the fault effect (Table 1) and the value distribution map of the fault effect correction coefficient (Figure 6) along the Lixian–Luojiabu fault zone.
TABLE 1 | Value table of the correction coefficient of the fault effect (Lixian–Luojiabu fault zone of Gansu Province).
[image: Table 1][image: Figure 6]FIGURE 6 | Value distribution map of the fault effect correction coefficient (Lixian–Luojiabu fault zone of Gansu Province).
3.2 Construction of the Newmark improved model considering the fault effect
3.2.1 Newmark traditional model
In 1965, Newmark proposed the method of simulating landslide by the movement of rigid bodies on the slope surface, which later evolved into the famous Newmark model (Newmark, 1965). The model is based on the limit equilibrium theory. It is assumed that the sliding body is a rigid body and there is no deformation inside the sliding body. When the external force is less than the critical acceleration, the slope does not produce displacement. When the external force is greater than the critical acceleration, a finite displacement will occur. The model evaluates the stability of the slope by calculating the permanent displacement accumulated by the sliding body during the acceleration of the ground motion. At present, it has been widely recognized by scholars in the prediction of earthquake-induced landslides.
The corresponding calculation process can be summarized as five steps: (1) calculate the static safety factor of regional slope; (2) calculate the critical acceleration of the slope; (3) calculate the permanent displacement value of the slope; (4) calculate the probability of earthquake landslide occurrence; (5) complete the earthquake landslide hazard assessment.
When calculating the static safety factor of the regional slope, the safety factor formula proposed by Jibson et al. (2000) considering the influence of rainfall infiltration is generally used, and its stress analysis diagram is shown in Figure 7.
[image: image]
where [image: image] is the effective internal friction angle (°), [image: image] is the effective cohesion (kPa), [image: image] is the slope angle (°), [image: image] is the weight of slope material (kN/m3), [image: image] is the weight of water (kN/m3), [image: image] is the thickness of the slope body (m), and m is the ratio of the buried depth of groundwater above the damaged surface to the depth of the damaged surface.
[image: Figure 7]FIGURE 7 | Static force analysis diagram of the Newmark model.
The critical acceleration is expressed as
[image: image]
where g is the acceleration of gravity (m/s2).
The Newmark displacement calculation adopts the empirical formula obtained by Jibson and Harp et al.:
[image: image]
where Dn is the Newmark cumulative displacement (m) and Ia is the earthquake intensity (m/s).
The general formula of Ia is
[image: image]
where a(t) is the time program column of single-component ground motion acceleration in a strong earthquake (m/s2), Td is the total duration recorded for ground motion acceleration (s), and t is time (s).
From Formula (4), the Newmark cumulative displacement calculation needs to input the complete ground motion acceleration time series curve, but this is difficult to achieve in the real process. Therefore, in the absence of the ground motion acceleration time series curve, people generally use the empirical formula to calculate the Ia value. In this paper, the Arias strength is calculated by using Roberto to analyze the empirical formula of 190 acceleration time history records of 17 strong earthquakes in Italy (Roberto, 2000):
[image: image]
where PGA is the peak ground acceleration (m/s2).
In fact, the cumulative displacement Dn calculated by the above Newmark model is not completely corresponding to the slope instability, and the area where the cumulative displacement occurs does not necessarily have a landslide. Only when the slope displacement accumulates to a certain extent, the slope will be unstable and lead to landslide. For this reason, Jibson et al. (2000) proposed a formula for calculating the probability of earthquake landslides. This formula can reasonably reflect the internal relationship between slope displacement and landslide occurrence, which is convenient for people to further carry out the hazard assessment on the basis of calculating the probability of earthquake landslides. The specific calculation formula of the earthquake landslide probability is as follows:
[image: image]
where [image: image] is the probability of the occurrence of an earthquake landslide; and k, a, and b are constant parameters in the fitting function. In this paper, k is 0.335, a is 0.048, and b is 1.565.
3.2.2 Newmark improved model considering the fault effect
In this paper, combined with the characteristics of landslide development along the fault zone, the static safety factor formula of the Newmark model is improved, and the fault effect correction coefficient is introduced. Because the larger the safety factor is, the better the stability of the slope is, and the correction coefficient is essentially the amplification coefficient of the fault effect; the safety factor should be reduced to a certain extent. Here, the reciprocal of the correction coefficient of the fault effect is taken for reduction. The specific expression is
[image: image]
where β is the correction coefficient of the fault effect and its value can be referred to the calculation method in Section 2.
The calculation steps of the landslide hazard assessment using this method are similar to the Newmark traditional model, and the specific calculation method is no longer repeated.
4 LANDSLIDE HAZARD ASSESSMENT OF THE FAULT ZONE
4.1 Parameter selection
4.1.1 Terrain slope
Slope is a key factor affecting the development of landslide, which directly affects the stability of the slope (Hürlimann, et al., 2022; Yang, et al., 2023). ArcGIS software was used to reclassify the slope of the study area according to 1:50,000 DEM data, and it was divided into six sections: 0°–10°, 10°–20°, 20°–30°, 30°–40°, 40°–50°, and above 50° (Figure 8). Among them, the size of the grid value is set to 25 m × 25 m, and the study area is divided into 3,080,572 grid units.
[image: Figure 8]FIGURE 8 | Map of slope in the study area.
4.1.2 Engineering geological rock group
The engineering geological rock group is the material foundation of landslide, which directly affects the stress state and weathering degree of rock and soil on the slope (Liu, et al., 2024; Ye, et al., 2024). When selecting the parameters of the engineering geological rock group, the stratum lithology in the study area is simplified and classified into five rock groups, which are the hardest rock group, the harder rock group, the softer rock group, the weak rock group, and the loose rock group (Figure 9). At the same time, 64 sets of undisturbed rock and soil samples were taken in different rock group units along Luojiabu Town, Yanguan Town, Tianshui Town, Yongping Town, Luoba Town, Yacheng Town, and Lixian County, and the corresponding rock and soil mass shear test was carried out. The gravity, cohesion, and internal friction angle of the five types of rock group units were tested, and the mechanical parameters of the engineering geological rock group were finally obtained (Table 2).
[image: Figure 9]FIGURE 9 | Map of engineering geological rock group in the study area.
TABLE 2 | Empirical value of mechanical parameters about the engineering geological rock group.
[image: Table 2]4.2 Calculation of regional critical acceleration
When analyzing the stability of the landslide, the sliding body state is considered according to the dry state. The ratio of the thickness of the saturated part of the potential sliding body to the total thickness of the sliding body (m) is 0, and the thickness of the sliding body (t) is approximately 10 m. Based on the Newmark model and the grid calculator of ArcGIS, the static safety factor Fs of the regional slope body of the traditional model and the improved model is calculated by Formula (1) and Formula (7), and then, the corresponding regional critical acceleration distribution value is obtained by Formula (2). The natural breakpoint classification method is used to divide the regional critical acceleration value into four intervals: (0, 0.05 g), (0.05 g, 0.15 g), (0.15 g, 0.25 g), and greater than 0.25 g, forming a distribution map of regional critical acceleration (Figure 10).
[image: Figure 10]FIGURE 10 | Distribution map of regional critical acceleration. (A) Newmark traditional model. (B) Newmark improved model.
4.3 Hazard assessment
According to the ground motion parameter zoning map under the condition of 10% exceeding probability in 50 years in the study area compiled by the Lanzhou Earthquake Research Institute of China Earthquake Administration, the Ia value in the study area is calculated by Formula (5). Substituting the Ia value and ac value into Formula (3), the Newmark cumulative displacement value of the study area under the condition of 10% exceeding probability in 50 years is obtained. According to specifications for the risk assessment of geological hazard (GB/T 40112-2021) and the research results of earthquake landslide hazard zoning (Jibson et al., 2000; Yang et al., 2021), the probability of the earthquake landslide occurrence is calculated according to formula (6). The earthquake landslide hazard level is divided into high-hazard areas (earthquake landslide occurrence probability is greater than 25%), medium-hazard areas (earthquake landslide occurrence probability is 15–25%), low-hazard areas (earthquake landslide occurrence probability is 5–15%), and extremely low-hazard areas (earthquake landslide occurrence probability less than 5%) (Figure 11).
[image: Figure 11]FIGURE 11 | Hazard assessment map of earthquake landslide under the condition of 10% exceeding probability in 50 years. (A) Newmark traditional model. (B) Newmark improved model.
4.4 Comparative analysis
Through analysis and calculation, the statistical tables of landslide hazard assessment zoning with different evaluation methods are summarized (Table 3). It is found that the evaluation results of the two models are mainly medium-hazard areas and extremely low-hazard areas, followed by high-hazard areas, and finally low-hazard areas. Among them, the high-hazard areas calculated by the Newmark improved model considering the fault effect accounts for about 22.85% of the total areas of the study area, and the high-hazard areas calculated by the Newmark traditional model account for about 16.90% of the total areas of the study area. In the evaluation results of the two models, the existing landslides are concentrated in high-hazard areas and medium-hazard areas, and the landslide point density shows a gradual increase from extremely low-hazard areas to high-hazard areas. Among them, the landslide point density in the high-hazard areas calculated by the Newmark improved model considering the fault effect is relatively larger, up to 0.9417 point/km2. From Figures 10, 11, it can be seen that the critical acceleration value calculated in the upper side area of the fault in the study area, especially near the fault zone, is significantly lower than that before the improvement, which leads to a significant increase in the probability of landslide occurrence calculated in this area.
TABLE 3 | Landslide hazard zoning summary table of different model evaluation methods.
[image: Table 3]In order to verify the scientificity and reliability of the model, the landslide hazard assessment results obtained by the above two models are tested by the ROC curve method and Kappa coefficient method, respectively. When using the ROC curve method to test, scholars generally use the area under ROC curve (AUC) as an important indicator to measure and compare the prediction accuracy of the model (Swets, 1988; Guo et al., 2023; Guo et al., 2024). When the AUC value is 0.5, the prediction results of the model have no practical value. When the AUC value is between 0.5 and 0.7, the accuracy of the model prediction results is relatively low. When the AUC value is between 0.7 and 0.9, the accuracy of the model prediction results is relatively high. When the AUC value is above 0.9, the accuracy of the model prediction results is very high. The Kappa coefficient method is a classification accuracy evaluation index based on the confusion matrix algorithm, which reflects the consistency between the observed values and the simulation results, also known as the consistency test (Lee and Pradhan, 2007). When the Kappa coefficient value is between 0.2 and 0.4, the consistency of the model prediction results is relatively low. When the Kappa coefficient value is between 0.4 and 0.6, the consistency of the model prediction results is moderate. When the Kappa coefficient value is between 0.6 and 0.8, the consistency of the model prediction results is relatively high. When the Kappa coefficient value is between 0.8 and 1, the consistency of the model prediction results is very high.
From Table 4 and Figure 12, it can be seen that the AUC value and Kappa coefficient value of the hazard area obtained by the Newmark improved model considering the correction coefficient of fault effect are 0.841 and 0.822, respectively, which are significantly higher than the calculated values of the Newmark traditional model, indicating that the improvement effect of the model is better. It is objectively proved that the advantage of using the Newmark improved model considering the correction coefficient of fault effect to evaluate the landslide hazard along the Lixian–Luojiabu fault zone in Gansu Province is more obvious.
TABLE 4 | Statistical table of AUC values and Kappa coefficient values of different models.
[image: Table 4][image: Figure 12]FIGURE 12 | Comparison of ROC curves about different model evaluation methods.
5 CONCLUSION AND FUTURE REMARKS
Taking the Lixian–Luojiabu fault zone in Gansu Province in China as the study area, based on the analysis of the research results of the correlation between landslide development and the fault zone, the concept of the fault effect correction coefficient was innovatively proposed, the value table of the fault effect correction coefficient along the Lixian–Luojiabu fault zone in Gansu Province was created, and the corresponding distribution map of the fault effect correction coefficient was drawn. On this basis, an improved Newmark model for the landslide hazard assessment along the fault zone was constructed. The earthquake landslide hazard assessment under the condition of 10% exceeding probability in 50 years was carried out by using the Newmark traditional model and Newmark improved model considering the fault effect, respectively. The evaluation results were compared and analyzed by the ROC curve method and Kappa coefficient method.
The results showed that the high-hazard areas calculated by the Newmark improved model considering the fault effect accounted for about 22.85% of the total areas of the study area, and the high-hazard areas calculated by the Newmark traditional model accounted for about 16.90% of the total areas of the study area. In the evaluation results of the two models, the existing landslides were concentrated in high-hazard areas and medium-hazard areas, and the landslide point density showed a gradual increase from extremely low-hazard areas to high-hazard areas. However, the landslide point density in the high-hazard areas calculated by the Newmark improved model considering the fault effect was relatively larger, up to 0.9417 point/km2. This is mainly because in the upper side area of the Lixian–Luojiabu fault, especially in the area near the fault zone, the fault effect correction coefficient is relatively larger, and the calculated critical acceleration value is significantly lower than that before the improvement, which leads to a significant increase in the probability of landslide occurrence calculated in this area. The AUC value and Kappa coefficient of the hazard zone obtained by the Newmark improved model were 0.841 and 0.822, respectively, which were significantly higher than the calculated values of the Newmark traditional model, indicating that the improvement effect of the model was better.
The Newmark improved model considering the fault effect fully considered the influence of distance from the fault zone and fault upper and lower sides' effect, and the research results can provide a new reference for the landslide hazard assessment along the fault zone. However, it is worth noting that the fault effect correction coefficient proposed in this paper only considered the two key factors, the distance from the fault zone and the relative position of the upper and lower sides, and whether other factors should be considered remains to be further studied. In addition, the improved model belongs to the mechanical analysis model, which takes limited geological background factors into consideration in the calculation process, which only considers the influence of the slope and engineering geological rock group, and does not analyze the existing landslide sample data. These shortcomings should be further remedied in future research work.
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