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Debris flow is a prevalent geological disaster in Beijing, particularly in the Mentougou District, situated in the mountainous southwestern region of Beijing City. The past irrational exploitation of minerals has led to a substantial accumulation of slag, providing abundant loose materials for the formation of debris flow in the study area. Different from the traditional method of using hazard and vulnerability to carry out debris flow risk assessment, this paper proposes a debris flow risk assessment method based on (a) the possibility of debris flow occurrence, (b) the value of the disaster-affected object, and (c) the destructiveness of the debris flow. The possibility of 41 gully debris flows occurring was determined through theoretical calculations. Using the SFLOW model, the runout of the potential debris flow was simulated. On this basis, an investigation of the value of the disaster-affected objects was carried out. At the same time, according to the simulated movement information of debris flow, its destructiveness was determined. According to the results of the occurrence possibility of the debris flow, its destructiveness, and the value of the disaster-affected object, the risk levels of 41 potential debris flow gullies in the Mentougou District were obtained. The research results can guide the warning systems for debris flows in the Mentougou District of Beijing.
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1 INTRODUCTION
Debris flow is a widely developed geological disaster (Tang et al., 2009; Wu et al., 2019), characterized by a rapid flow of water, soil and gravel mix (de Scally et al., 2010; Chang et al., 2015), resulting in extensive damages all along its way (Li Z. et al., 2021). To reduce the adverse effects of potential debris flow on societies and infrastructures, models developed by researchers regarding the possibility of occurrences and runout of debris flow and associated risk should be followed during land use planning and construction (Bahrami et al., 2020; Li et al., 2020; 2022; Zhang et al., 2023). The existence of objects affected by the disaster is crucial to classify it as a natural disaster; otherwise, it can only be considered as a natural phenomenon (Xu et al., 2018). The World Meteorological Organization defines risk as “Expected losses (of lives, persons injured, property damaged and economic activity disrupted) due to a particular hazard for a given area and reference period.” Since there is currently no generally accepted method to assess the risk of potential debris flows (Huang et al., 2010), therefore, some scholars combine vulnerability and hazard for carrying out risk assessments of debris flow (Ouyang et al., 2019; Liu et al., 2024), while others include hazard, vulnerability, and exposure during debris flow risk assessment job (Zou et al., 2019).
Currently, when conducting regional debris flow susceptibility or risk assessments, the evaluation unit can be selected as a grid unit or a watershed unit (Zhang et al., 2019; Zhang et al., 2022 Y.; Li Y. C. et al., 2021). Because the division of grid units is relatively simple, it is adopted by more scholars. However, since debris flow often occurs in a watershed, the result does not seem reasonable when calculating the susceptibility or risk of debris flow, if a gully is divided into different units, and each unit has different susceptibility or risk levels. When using watershed units for risk assessment, some scholars use the hazard of debris flows and the vulnerability of hazard-affected objects (Ouyang et al., 2019). Risk assessment is carried out by analyzing the intensity of debris flow under a certain return period and the value of the hazard-affected objects. When using the above method, it is assumed that debris flows will occur, but the occurrence of debris flows is also a complex issue, which is not only related to external environmental conditions such as rainfall, but also closely related to geological conditions in the watershed such as terrain and loose material reserves (Li et al., 2020; Li Y. C. et al., 2021). Therefore, when conducting a risk assessment of a disaster, three main factors should be considered: (a) the possibility of the occurrences of the potential disaster. If there is no possibility of it happening in the future, then there is no risk; (b) presence of any object at risk should be considered. If there is no object, regardless of the disaster occurrence there will be no risks to human beings; finally, (c) level of the destructiveness of the disaster must to be considered too. If its impact is small in terms of both scale and intensity and causes minimal harm to the affected objects, then it may pose no risk at all.
China frequently suffers from debris flow disasters (Zou et al., 2019), with a total of 899 incidents occurrences are reported alone in the year 2020 across the country. Among geological disasters, debris flow causes more casualties in Beijing (Xie et al., 2001; Zhu, 2018; Zhao et al., 2023). The research area for this study is Mentougou District, located in the southwestern part of Beijing, which is a mountainous region with abundant resources (Zhu, 2018). The early activities in this area, i.e., logging, mining, quarrying, and road construction, have adversely affected the mountain environment (Xie et al., 2001; Qi and Zhang, 2011). As a result of the mentioned past activities, a significant quantity of loose material had accumulated on hillsides, which ultimately increased the possibility of debris flow occurrence. As the Mentougou District is mostly mountainous, therefore most of the towns are situated on the gently dipping alluvial fans of debris flow (Zhuo, 2001). Numerous catastrophic debris flow incidents have been recorded in the Mentougou District (Zhuo, 2001). The current topography, geology, soil, geomorphology, and land use conditions in the district are of the extent and type that can cause destructive debris flows in the future (Corominas et al., 2014; Zhang X. et al., 2022). Therefore, it is important to identify potential debris flow gullies in Mentougou District and assess the risk of the gullies.
This article focuses on assessing debris flow risk in Mentougou District, Beijing. Through analysis of remote sensing images and field investigations in the study area, a total of 41 debris flow gullies were studied and identified. Unlike previous studies, this article evaluates the risk of potential debris flows by considering the likelihood of its occurrence, the value of the disaster-affected objects, and the destructive nature of debris flows. The outcomes of this study provide valuable guidance for resilient and sustainable land use and planning in Mentougou District and can help in future disaster management and mitigation strategies. The research objectives of this study are as follows: 1) Develop a debris flow risk assessment method based on three elements: (a) the possibility of debris flow occurrence, (b) the value of the disaster-affected object, and (c) the destructiveness of the debris flow; 2) Based on numerical simulation, theoretical calculation and analysis, evaluate the three elements of 41 debris flow gullies in Mentougou; 3) Calculate the risk of 41 debris flow gullies and conduct debris flow risk mapping in the Mentougou area.
2 STUDY AREA
Mentougou District is located in the mountainous area southwest of Beijing, connecting the North China Plain and the Mongolian Plateau (Wang and Luo, 2015). The Mentougou District comprise high terrain in the northwest and low terrain in the southeast (Zhuo, 2001) (Figure 1). The area of the Mentougou District is 1,455 km2, of which 98.5% is mountainous terrain and only 1.5% comes under plains. As of 2021, the permanent population of the district was around 396,000 peoples. The average annual rainfall in this region is approximately 600 mm (Wu, 2010), with the peak rainfall typically occurring from July to September, accounting for 70%–80% of the total annual rainfall (Zhao, 2013). The vegetation in the district is mainly deciduous and broad-leaved forest, and the vegetation coverage rate is 40–60% (Wu, 2010). The main river in this region is the Yongding River.
[image: Figure 1]FIGURE 1 | The spatial distribution map of debris flow gully in Mentougou District.
This article focuses on assessing the risk of debris flow in Mentougou District, Beijing. Through analysis of remote sensing images and field investigations in the study area, a total of 41 debris flow gullies were studied and identified. Unlike previous studies, this article evaluates the risk of potential debris flows by considering the likelihood of its occurrence, the value of the disaster-affected objects, and the destructive nature of debris flows. The outcomes of this study provide valuable guidance for resilient and sustainable land use and planning in Mentougou District and can help in future disaster management and mitigation strategies.
The Mentougou District has a diverse stratigraphy, having successions of various ages ranging from the Middle Paleozoic to the present; among them, the Mesozoic Jurassic is well-developed (Wu, 2010; Wang and Luo, 2015) (Figure 2). The dominant rock type are sandstone, dolomite, and limestone (Wang and Luo, 2015). The study area has abundant mineral resources such as coal and limestone; therefore, in the past, extensive quarrying activities have damaged the environment of the whole district (Zhu, 2018). The presence of accumulated coal gangue damps and quarrying slag damps on the slopes in the study area can provide abundant materials that may contribute to debris flow occurrences.
[image: Figure 2]FIGURE 2 | Geological map of Mentougou District.
During the field survey, thick debris flow deposits were found in various gullies (Figure 3A). Many of these gullies has large and thick deposits of loose materials or leftover coal mining wastes (Figures 3B–D). These loose deposits in the gullies have been deeply incised by the surface runoff water (Figure 3E). In some gullies that hold substantial debris flow deposits or loose mining and other quarrying wastes, debris flow monitoring devices and warning signs are installed there (Figure 3F). The studied gullies have enough accumulation of loose material, which ultimately increases their potential to form debris flow during rainy conditions. Although monitoring systems have been installed in some gullies, there is still a need to study the risk of debris flow.
[image: Figure 3]FIGURE 3 | Photographs of debris flow gullies in the Mentougou District (A) debris flow deposits in gully channel; (B) and (C) loose material in gullies; (D) residual coal gangue; (E) deposits eroded by the flow; (F) debris flow monitoring equipment.
3 METHODS AND DATA
3.1 Methods
This article comprehensively evaluates the risk based on three broad aspects: the possibility of occurrence of debris flow, the value of the disaster-affected body, and the destructiveness of debris flows. For the occurrence probability, debris flow susceptibility is used as a proxy in this article. By predicting the movement path of the debris flows, one can easily figure out the stretch of the area that could be affected from the expected debris flow. Combining remote sensing data and on-site surveys, population and property information in the affected areas can be determined to obtain the value of the disaster-affected body. The destructiveness can be assessed from the maximum velocity and depth of the potential debris flow. Figure 4 shows the general flow chart of the method for assessing the risk of debris flows.
[image: Figure 4]FIGURE 4 | The chart of debris flow risk assessment process.
3.1.1 The occurrence possibility of the debris flow
The possibility of a debris flow occurrence can be determined by its susceptibility level. A higher level of susceptibility suggests a greater probability of a debris flow event (Corominas et al., 2014; Xiong et al., 2020). This paper utilized the Analytic Hierarchy Process (AHP) method to obtain the susceptibility of debris flow in the investigated gullies. The AHP method, first introduced by Saaty (1980), is now a widely and commonly used multi-index analysis and evaluation technique, combining qualitative and quantitative analysis. Many scholars have conducted susceptibility assessments of geological disasters using the AHP technique (Zhang et al., 2016; Bahrami et al., 2020; Zhan et al., 2021; Li et al., 2023). This AHP method can decompose the target or criterion, and the contribution of each evaluation factor can be obtained. The analysis process is mainly divided into four steps.
1) The establishment of the hierarchical model; This article sets the model at two levels. The first level is the target layer for susceptibility evaluation, and the second level is the evaluation factors affecting the occurrence of debris flow.
2) Construction of judgment matrix; During this step, the importance of evaluation factors is compared in pairs, using the 1–9 scale method (Table 1) to indicate the importance level (Saaty and Vargas, 1991). A judgment matrix is constructed based on the comparison results. The importance of evaluation factors is obtained by consulting with experts, and the judgment matrix A can be obtained based on Eq. 1.
[image: image]
where [image: image] represents the number of evaluation factors, and [image: image] is the importance of the [image: image] evaluation factor relative to the [image: image] evaluation factor.
TABLE 1 | The importance level between the two evaluation factors.
[image: Table 1]3) Weight calculation; Solve the judgment matrix A, and then obtain the weights of each factor through normalization of the eigenvectors.
4) Consistency check; The consistency test is performed on the maximum eigenvalues obtained in the previous step, requiring that the value of consistency ratio (CR) does not exceed 0.1. The calculation method is shown in Eqs 2, 3. Consistency index (CI) and random consistency index (RI) are determined by the order of the matrix A, and RI can be obtained by checking Table 2.
[image: image]
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TABLE 2 | The relationship between the value of RI and the order of the matrix.
[image: Table 2]Debris flows are commonly triggered by both external environmental factors as well as internal geological factors (Yang et al., 2011). The occurrence of debris flow further strongly depends on the local topographic conditions, provenance conditions, and rainfall conditions within a specific area (Takahashi, 1981; Wang et al., 2024). The evaluation factors can be selected based on previous studies on debris flow susceptibility assessment.
After determining the weight of the evaluation factors, the debris flow probability index can be calculated according to Eq. 4.
[image: image]
where [image: image] is the probability index, [image: image] is the weight, [image: image] is the level value. According to the possibility index, the natural break (NB) method classifies the occurrence possibility of debris flow in each gully into five levels. These levels range from 1 to 5, representing extremely low, low, medium, high, and extremely high occurrence possibilities of debris flow, respectively.
3.1.2 The value of the disaster-affected object
The value assessment of the affected objects is completed by calculating the value of life and property within the debris flow threat area (Miao and Liu, 2020). SFLOW software, developed by Jilin University China, has been utilized for simulation of debris flow runout. The SFLOW mode is established based on the free-surface shallow equation (Han et al., 2017). This software is effective for analyzing irregular as well as complex terrain and successfully has been applied for simulation of debris flow motion in Beijing, Tianjin, Sichuan, and some other places in China (Han et al., 2017; Bao et al., 2019; Li et al., 2020).
In the simulation using SFLOW, topographic data, hydrographs, and some fluid parameters need to be prepared in advance (Li et al., 2020). Topographic data can be obtained by measuring gullies onsite using an unmanned aerial vehicle, or through a Digital Elevation Model (DEM) (Yu et al., 2024; Zhan et al., 2024). Additionally, it is necessary to identify a specific point in the channel as the inflow point for the debris flow. The area upstream of the inflow point is referred to as the catchment area, while the area downstream is called the drainage area. The areas upstream and downstream of the selected point are called catchment and drainage areas, respectively. The hydrographs for the different debris flow gullies at specific recurrence intervals can be obtained from the standard method outlined in the Hydrological calculation manual. The rheological parameters mainly refer to viscosity and yield stress, which are determined by the volumetric sediment concentration of fluid (Chen et al., 2013). Based on the above input data parameters, the simulation of the debris flow runout path can be carried out through SFLOW software.
The value of human lives is assessed through field surveys to estimate the population in the disaster-affected area. The value of property is calculated by summing up the economic value of various buildings, cultivated land, and roads within the disaster-affected area. Then, the overall property value of the disaster-affected object can be computed using Eqs 5, 6.
[image: image]
[image: image]
where [image: image] is the property value, [image: image] is the economic value of the objects of category [image: image] affected by the disaster, [image: image] is the unit price of the objects of category [image: image], which can be obtained through some public documents and interviews with village committees, [image: image] is the volume, area or length of the objects of category [image: image]. After determining the life value and property of each gully, then these two elements were further divided into 5 levels based on the NB method. The greater the value, the higher the level. By comparing the life level and property level of each gully, the level with larger value was chosen as the level of the disaster-affected object value.
3.1.3 The destructiveness of the debris flow
Debris flow destructiveness is closely related to its velocity, accumulation depth, and volume (Cui et al., 2013; Ouyang et al., 2019). By utilizing the earlier mentioned SFLOW software, the velocity and depth of the debris flow can be determined based on the simulation results. This study utilized the maximum velocity during simulated debris flow movement and the maximum depth after the movement to evaluate its destructiveness.
These two elements (maximum velocity and depth) were divided into 5 levels according to the NB method. For each gully, the level of maximum velocity and maximum accumulation depth were compared, and the larger of them was selected as the level of its destructiveness.
3.1.4 The risk of debris flow
Assessing the risk of debris flow is a complex process that involves considering not only the possibility of its occurrence but also its severity and the value of the disaster-affected objects. Based on previous studies, we developed a mathematical model for assessing its risk, as illustrated in Eq. 7.
[image: image]
where [image: image] is the risk index of debris flow in each gully, [image: image] is the level of occurrence possibility of debris flow, [image: image] is the level of value of the disaster-affected objects, and [image: image] is the level of destructiveness. According to the risk index of each gully, the NB method can be used to determine the risk levels of each studied gully. As a result, a risk map can be created to provide support for early warning to people living near gullies with greater risks of debris flow.
3.2 Data
3.2.1 Data sources
The terrain data was obtained from DEM, which comes from the ALOS PALSAR DEM products with a resolution of 12.5 m. The lithology information was determined through a combination of field surveys and 1:100,000 engineering geological maps in the study area. Remote sensing data mainly uses Google Earth images and Landsat 8 satellite data (with a resolution of 30 m) downloaded from the Geospatial Data Cloud. Normalized difference vegetation indices (NDVI) layers were extracted from the Landsat 8 satellite data with a resolution of 30 m. The rainfall data mainly comes from the historical 24-h maximum rainfall of each hydrology/rainfall monitoring station recorded in the Hydrological calculation manual of Beijing.
3.2.2 Debris flow inventory
Through analysis of remote sensing images, consultation with local residents, and on-site surveys, a comprehensive assessment of identification of gullies contains debris flow deposits or quarrying and mining wastes, was conducted in Mentougou District. Finally, 41 potential debris flow gullies were identified (Figure 1). These gullies are distributed across the study area, posing potential risk to the nearby environment, i.e., villages, highways, and scenic spots. Through DEM, the area of each potential debris flow gully was calculated. The calculations revealed a maximum area of 10.09 km2, a minimum area of 0.04 km2, an average area of 2.09 km2, and a total area of 85.61 km2.
4 RESULTS
4.1 Result of the occurrence possibility of debris flow
By reviewing the literature on debris flow susceptibility assessment studies in and around Beijing (Xie et al., 2001; Wu, 2010; Li et al., 2020) and considering the findings of the field and social survey, we selected eight indicators for carrying out debris flow susceptibility assessment. These selected eight indicators are: Gully Area (S1), Channel Curvature (S2), Channel Average Gradient (S3), NDVI (S4), Rainfall (S5), Average Slope Angle (S6), Loose Material Supply Length Ratio (S7), and Loose Material Volume per Square Kilometer (S8).
S1 reflects the gully’s ability to receive rainfall and produce loose material. S2 is the ratio of the curve length to the straight length of the gully channel, and reflects the drainage situation of the gully; the straighter the channel, the easier it is for loose materials to be discharged (Zhang et al., 2013). S3 is equal to the height difference of the gully divided by the curve length of the channel, and reflects the ability of water to carry material as it rushes out of the gully. S4 can indicate the vegetation cover. Areas with no vegetation cover are more susceptible to weathering and erosion due to external factors such as sunlight and rainfall as well as freeze and thaw action, thus providing more loose materials to the gullies as compared to those areas having vegetation cover (Li et al., 2020). S5 is an important factor in inducing disasters (Qiu et al., 2019). Heavy and prolonged rainfall, saturate and weakens the shear resistance of the loose materials in gullies thus ultimately forming a debris flow. In this study, we selected the 24-h maximum rainfall as an index of rainfall intensity. S6 is the average angle of the hillside in the gully and reflects the gentleness or steepness of the gullies; if the gullies are steep, the velocity of the flowing water down from the hillside will be high (Li Z. et al., 2021). Higher velocities increase the erosion potential, contributing the creation of loose material (Kritikos and Davies, 2015). S7 is the ratio of the length of loose material in the channel to the length of the entire channel, and represents the extent of loose material availability in the valley (Zhang et al., 2013). S8 reflects the current reserves of loose material in the valley, which is a fundamental condition for debris flow.
By comparing the importance of evaluation factors pairwise, a judgment matrix was constructed, as presented in Table 3. The maximum eigenvalue of the matrix was calculated to be 8.71, and the corresponding eigenvectors were determined as (0.286, 0.225, 0.342, 0.234, 0.495, 0.252, 0.340, 0.522). Subsequently, the weights of the factors were obtained by normalizing the eigenvectors, resulting in weights of (0.106, 0.083, 0.127, 0.087, 0.184, 0.093, 0.126, 0.194). The consistency index (CI) was calculated to be 0.102, and the consistency ratio (CR) was determined to be 0.072, indicating that the judgment matrix passed the consistency test. Furthermore, according to the value of each evaluation factor, it was divided into 5 levels (Table 4). The lower the grade, the safer the gully is, that is, it is less prone to debris flow.
TABLE 3 | Judgment matrix for AHP model.
[image: Table 3]TABLE 4 | Each evaluation factor value and its corresponding level.
[image: Table 4]According to the weights and level values of each factor, the possibility index of debris flow occurrence of 41 gullies can be calculated using Eq. 4, as shown in Table 5. The greater the possibility index, the greater the likelihood of a debris flow. According to the probability index of each gully, the NB method can be used to obtain the occurrence probability level of each gully (Table 6). Levels 1 to 5 represent extremely low, low, medium, high and extremely high occurrence probability of debris flow.
Based on the assessment results of the occurrence possibility, it can be observed that there are 7 gullies with an extremely high possibility of debris flow, 8 with high possibility, 8 with medium possibility, 13 with low possibility, and 5 with extremely low possibility.
TABLE 5 | Index of occurrence possibility, value, destructiveness, and risk for some representative gullies.
[image: Table 5]TABLE 6 | Level of occurrence possibility, value, destructiveness, and risk for some representative gullies.
[image: Table 6]The debris flow gullies with extremely high and high occurrence possibility are located in the south or southeastern parts of Mentougou District. Conversely, the gullies with extremely low and low occurrence possibilities are located in the northwestern or southwestern regions of Mentougou District, as shown in Figure 5.
[image: Figure 5]FIGURE 5 | The level of occurrence possibility of debris flow in Mentougou District.
4.2 Result of the value of the disaster-affected object
By referring to the manual, the hydrographs of each debris flow potential gully under a 100-year return period were calculated. Then the debris flow runout of each gully was simulated by using SFLOW software. Figure 6 shows the simulation results. Based on the runout, the disaster-affected range of 41 debris flows in Mentougou District is determined.
[image: Figure 6]FIGURE 6 | The simulated accumulation depth of each debris flows gully in Mentougou District at the 100-year return period (A) All 41 debris flow gullies; (B–J) Enlarged view of part of the debris flow gully.
The number of population in the affected area was obtained through field surveys, as shown in Table 5. The area or volume of various buildings, farmland, and roads within the disaster-affected areas was measured using Google Earth software combined with on-site surveys, and the unit price was obtained through some public documents and also by interviewing village committees. Then through Eqs 5, 6, the economic value corresponding to each gully can be obtained, as shown in Table 5. Then using the NB method, the life value and property value were classified into 5 levels, respectively. Comparison of life value and property value levels were performed for each gully, and the larger value level was chosen as the level of disaster-affected object value (Table 6). Levels 1 to 5 correspond to extremely low, low, medium, high, and extremely high value, respectively. It can be seen that there are 4 extremely high value, 9 high value, 16 medium value, 6 low value, and 6 extremely low value, as shown in Figure 7.
[image: Figure 7]FIGURE 7 | The level of the value of the disaster-affected object.
4.3 Result of the destructiveness of the debris flow
According to the debris flow runout simulation, the maximum flow velocity and maximum accumulation depth of each gully were obtained (Table 5). The velocity and depth were classified into five levels through the NB method, respectively (Table 6). For each gully, the level of maximum velocity and maximum accumulation depth were compared, and the larger one was selected as the level of the destructiveness (Table 6). Levels 1 to 5 represent extremely low, low, medium, high, and extremely high destructiveness of the debris flow, respectively.
Based on the destructiveness of the debris flow, it can be seen that 10 gullies are associated with extremely high destructiveness, 8 with high destructiveness, 10 with medium destructiveness, 8 with low destructiveness, and 5 with extremely low destructiveness (Figure 8).
[image: Figure 8]FIGURE 8 | The level of the destructiveness of debris flow in Mentougou District.
4.4 Result of risk assessment
According to the occurrence possibility, the value of the disaster-affected object, and the destructiveness of the debris flow, the risk index of each gully can be obtained using Eq. 7 (Table 5). Using the NB method, the risk level of the gullies was classified into five levels according to the risk index, and the results are shown in Table 6. Levels 1 to 5 represent extremely low, low, medium, high, and extremely high risk of debris flow, respectively. The risk levels of each debris flow are shown in Figure 9, which shows that 3 gullies are extremely high risk, 4 are high risk, 9 are medium risk, 18 are low risk, and 7 are extremely low risk.
[image: Figure 9]FIGURE 9 | The level of risk of debris flow in Mentougou District.
Wu (2010) combined the hazard and vulnerability assessment of geological disasters to obtain the geological disasters risk map for Mentougou District, and divided the risk in the study area into four levels, as shown in Figure 10. The larger the value of the risk level, the greater the risk. To test the accuracy of the debris flow risk assessment results of this study, the results of this evaluation were compared with the research results of Wu (2010). It was found that among the 7 debris flow gullies evaluated as extremely high and high risk in this study, 6 debris flow gullies are located in the high-risk areas in Figure 10, that is, areas with a risk level of 3 or 4. The comparison results show that the risk assessment results of this study are reliable.
[image: Figure 10]FIGURE 10 | Comparisons of debris flow risk assessment maps from this study and Wu (2010).
5 DISCUSSION
When assessing the risk associated with debris flow, it is essential to consider various factors. The first factor to consider is the possibility of disaster occurrence. Additionally, the presence of any objects that could be affected by the disaster in the area needs to be evaluated. Lastly, the level of destructiveness caused by the debris flow must be analyzed. Based on the above ideas, this paper conducted a comprehensive risk assessment of 41 debris flow gullies, and obtained a detailed risk level for each gully.
The evaluation of the possibility of debris flow occurrence involves the consideration of eight indicators. These are the gully area, channel curvature, channel average gradient, etc. These indicators have been chosen as evaluation factors to determine the level of occurrence possibility of debris flow in each gully. To evaluate these factors, an evaluation model based on the AHP method was constructed. Although the AHP method is widely used in the study of disasters, its accuracy may be influenced by the subjective ideas of assessment experts. Experts may have varying perspectives, which could result in inconsistent evaluation results.
When evaluating the value of disaster-affected objects, the focus is mainly on the value of life and property. However, this approach has some limitations as it does not consider environmental damage. Regarding the value of life, the statistics typically only count the number of inhabitants located in the disaster-affected area. However, more detailed statistics on the demographic characteristics of the inhabitants, such as their level of education, age, gender, etc., could provide more insights and enhance the credibility of the assessment results. Regarding property value, the statistics usually cover non-moving objects such as buildings, roads, and arable land, but do not include moving objects such as vehicles. The mobility of property, as well as life, poses a significant challenge in risk assessment. Future research should explore ways to address this issue and improve the accuracy of the assessment.
Based on the numerical simulation results of debris flow runout under a 100-year return period, the disaster-affected range, velocity and depth of the debris flow were obtained. The destructiveness is determined based on the maximum velocity and depth of the debris flow, but it should be recognized that the destructiveness is different in different areas within the disaster-affected range. In addition, it was necessary to select a debris flow inflow point during numerical simulation, which involves some subjectivity due to the lack of monitoring data. In addition, the current model does not consider the erosion of gullies by debris flows, which will undoubtedly affect the rationality of the simulation results. These challenges are not unique to this study but are common in current debris flow risk assessment. Addressing these issues will require a systematic and comprehensive approach that considers the complexities of debris flow movements and their impact on the environment and disaster-affected objects.
6 CONCLUSION
This article starts from the connotation of disaster (whether it is dangerous to humans) and considers three aspects: whether the disaster occurs, whether there are disaster-affected objects, and whether the disaster will cause damage to the disaster-affected objects, and proposes a new method for debris flow risk assessment based on the possibility of debris flow occurrence, the value of disaster-affected objects, and the destructiveness of debris flow. According to the new method, the risk levels of 41 debris flow gullies were obtained. The assessment result showed that three gullies were classified as having extremely high risk, while four gullies were classified as high risk. These extremely high and high-risk gullies are mainly located in the southern part of Mentougou District. Based on these findings, it is essential to increase monitoring efforts for debris flow risks and develop disaster shelter plans to minimize the adverse effects of debris flows in the Mentougou District.
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