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Abstract

:

Geological hazards are widely distributed, cause huge losses, and have always been the focus of attention for engineering and environmental geologists. Geological hazard evaluation is the basis of research and has important theoretical significance for preventing and controlling geological hazards. Therefore, geological hazard evaluation has become the focus of engineering and environmental geology. The question of how to build a universal index system model of geological hazard evaluation is an urgent problem that needs to be solved in geological hazard evaluation. Based on a large amount of previous research data, this paper takes landslide hazard as an example and systematically expounds the main problems that need to be solved in the current geological hazard evaluation from five aspects: basic concept, evaluation scope and accuracy, evaluation index system and evaluation criteria, evaluation method, and applicability of evaluation results. A landslide hazard assessment index system model is proposed, which applies to all regions, including all of the factors that may affect the formation of landslides. It is also hoped that this will be used as an example to establish various types of disaster evaluation and assessment systems. If the parameter has no value in the assessment process, it can be processed as 0. On this basis, further research is suggested from the perspectives of the geological hazard evaluation level, geological hazard evaluation theory, and method. To provide thoughts on and suggestions for geological hazard risk assessment method research, standard revision, investigation and evaluation, and risk management and control need to be considered.
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1. Introduction


Geological hazards are combinations of geological events that damage human lives, property, and the natural environment. They are produced by the earth’s natural internal and external dynamic actions or by the human-induced environmental degradation [1].



The frequent occurrence of geological hazards has caused great harm to social and economic activities and human life [2,3]. With the development of society, the issue of environmental sustainability has attracted more and more attention [4,5]. The question of how to prevent and reduce the losses caused by geological hazards has become a primary issue. Therefore, geological hazard evaluation has become a necessary research topic.



Since the United Nations published natural disaster hazard assessment methods and put forward and completed the 10-year plan (IDNDR) to reduce losses caused by geological hazards by 30%, many research results on geological hazard evaluation have emerged [6]. These include the study of geological hazard control and regionalization [7], the study of geological hazard evaluation and evaluation methods, and the construction of a geological hazard information system [8]. However, this topic can generally be divided into geohazard susceptibility, risk, and hazard evaluation [9].



In the 1970s, numerous scholars extensively employed qualitative methods to carry out a susceptibility assessment of geological hazards [10]. However, with the emergence and development of GIS technology, the challenge of conducting a superimposed analysis of geological hazard susceptibility data has been overcome, leading to a shift towards utilizing mathematical models in conjunction with GIS tools as the mainstream approach for assessing geological hazard susceptibility [11,12]. A geological hazard risk assessment is distinct from a susceptibility assessment as it incorporates temporal considerations. Hence, it is often defined as evaluating the likelihood of potential destructive phenomena occurring within a specific timeframe in a study area [13]. Assessing geological disaster hazards involves evaluating potential risks to human life, property loss, and environmental damage based on risk results; thus, vulnerability is considered alongside risk assessment [14]. Nevertheless, scholars may have varying interpretations regarding the definitions related to geological hazard susceptibility, risk, and hazard, which will be elaborated upon in Section 2.1.



This paper analyzes the existing research results, and it focuses on landslide hazards, summarizes the existing problems in the current research, and presents a preliminary idea for future geological hazard evaluation research.




2. Problems in Current Geological Hazard Evaluation Research


Upon evaluating the geological hazard evaluation research findings, it becomes evident that while some progress has been made, there are also significant prevailing issues. This article will focus on five aspects.



2.1. Basic Concept


Since the beginning of geological hazard research, problems have existed, such as the ambiguity of basic concepts and the lack of unified definitions. The connotation and extension of the concepts of geological hazards and hidden dangers of geological hazards are not clear enough. Different scholars have different understandings of these concepts. The content and boundaries of geological hazard susceptibility, risk, and hazard assessment are unclear.



Zhang [15] considered generalized geological hazards to occur due to geological (natural, artificial, or integrated) mutations of the geological environment or progressive damage and loss caused by the phenomenon of human life and property or events. Geological hazards, in a narrow sense, refer to hazards related to geological action that are caused by natural factors or human activities and endanger the safety of lives and property, including rock falls, landslides, mudslides, ground subsidence, ground collapses, ground fissures, etc. [16]. Zhang et al. [9] believe that a geological hazard is a process or phenomenon in which an inevitable geological process deteriorates the geological natural environment, destroying human life and property or seriously destroying the resources and environment that humans rely on for survival and development. A geological event destroys human life, property, and living environments. In the world, geological hazards mainly refer to collapses, landslides, and debris flows, broadly equivalent to landslides [17].



The definition of a geological hazard susceptibility assessment is relatively straightforward. Landslide susceptibility in international standards refers to the qualitative or quantitative evaluation of the type, volume (or area), and spatial distribution of existing or potential landslides in an area. Geological disaster-prone areas in China refer to regions that are prone to geological hazards. Existing and potential geological hazards should be considered in assessing susceptibility, but the time dimension should not be considered [18]. It mainly uses the principle of discussing the future with the present to analyze the situation of hazards in a specific area and predict the possibility of destructive geological hazards in the future [19]. The critical content of geological hazard susceptibility assessment is the distribution density, characteristics, and susceptibility conditions of geological hazards. Many scholars have conducted much work in this area and made some progress [20].



However, the definitions of a geological hazard risk and hazard assessment are very confusing. Some scholars believe that the risk assessment of geological hazards mainly refers to evaluating the possibility of potential destructive geological hazards in the study area over a period, which is a qualitative evaluation [20]. Other scholars believe that the risk assessment of geological hazards is a semi-quantitative assessment of the possibility of life casualties and property losses caused by geological hazards. As for the definition of hazard, different scholars have different understandings [20]. Varnes et al. [21] believe that the term hazard refers to the expected value of the number of deaths caused by a geological event at a certain period. Fell et al. [22] believe that hazard is the probability of a disaster causing losses to human life, property, and the environment. Huang and Xiang [23] believe that hazard refers to the likelihood of a disaster in the event of casualties and property losses. Zhu et al. [24] believe that geological hazards may cause the loss of life, property, and social economy within specific geographical and time ranges.



Due to the lack of clear basic concepts in the field of geological hazard assessment, the authors consulted many studies in the literature and proposed the following definitions:



Geological hazards refer to destructive geological phenomena that have occurred in the past and caused the loss of human lives and property. The core is that they have rendered human life casualties and property losses, meaning they are harmful.



Potential geological hazards refer to destructive geological phenomena that will likely undergo obvious deformation and damage within a specific evaluation period and threaten human engineering activities or human life and property. There are three situations as follows: ① existing harmful geological phenomena that may threaten human engineering activities or human life and property in the future; ② currently, they do not exist, but they can be expected to cause obvious deformation and damage in the future, which will affect human engineering activities or threaten human life and property, such as current unstable slopes that may develop into collapses or landslides in the future; and ③ bad geological phenomena that have occurred in the past and caused human life casualties and property losses (geological hazards referred to above), which may reactivate in the future and threaten human engineering activities or human life and property. There are two conditions that can determine whether adverse geological phenomena constitute hidden dangers of geological hazards. One is whether deformation and destruction will occur within a specific evaluation period, and the other is whether it will cause human life casualties and property losses after deformation and destruction. The two conditions are indispensable. Suppose deformation and destruction occur within a specific evaluation period but do not cause human life casualties and property losses. In that case, they are still classified as destructive geological phenomena.



According to the above concepts, the objects of geological hazard susceptibility evaluation are unfavorable geological phenomena and geological hazards, and the risk and hazard evaluation of geological hazards mainly target the hidden danger points of geological hazards. The assessment of geological hazard susceptibility is mature enough to allow for the use of the existing definition. Geological hazard susceptibility refers to an area that is prone to geological hazards. Adverse geological phenomena and hazards should be considered in evaluating susceptibility, but the time scale should not be considered [18]. The key content of a geological hazard susceptibility evaluation is the formation conditions and triggering factors of geological hazards. Existing adverse geological phenomena or the development status of geological hazards should not be used as indicators for evaluating the susceptibility of geological hazards but as essential bases for inspecting the results of assessing the susceptibility of geological hazards.



One object of a geological hazard risk assessment is a potential geological hazard, regardless of the time scale. One can refer to the “geological hazard risk assessment specifications” and mainly predict and evaluate the severity of the maximum human life casualties and property losses that potential geological hazards may cause. The core content predicts and evaluates potential geological hazards, including the maximum impact range, population, and total asset survey.



Another object of a geological hazard assessment may be the hidden danger point of a geological hazard, and the time scale must be considered to predict and evaluate a certain number of casualties and property losses caused by hidden danger points of geological hazards at different time scales. The core content includes the calculation of the probability of damage being caused by potential geological hazards at different time scales, predicting the impact range of geological hazards, and evaluating certain levels of casualties and property losses caused by geological hazards.




2.2. Evaluation Range and Accuracy


When analyzing the research results of a geological hazard evaluation, the scope of the assessment varies greatly, ranging from tens of square kilometers to hundreds of thousands of square kilometers [25].



Ji et al. [26] conducted a small regional geological hazard assessment in Hancheng, Shaanxi Province; Dou et al. [27] used the RF and DT models to evaluate the susceptibility of geological hazards in Izu-Oshima, Japan. The above are small-scale geological hazard assessment studies. The medium range mainly refers to the range above the county level, or the research focus. Wang and Yi [28] used AHP to divide Mianyang into high-prone areas, medium-prone areas, and low-prone areas for geological hazards; Peng et al. [29] used the information volume method to assess the susceptibility of geological hazards. Research on large-scale geological hazards mainly focuses on compiling geological hazard distribution maps above the provincial level. Aleotti and Chowdhury [30] compiled a 1:25,000 geological hazard risk zoning map using data on landslide events in Italy.



There is no mature prediction and evaluation standard for the region. Concerning the landslide hazard zoning guidelines proposed by the Australian Geomechanics Society [31], Wu et al. [20] initially proposed the application scope of the results of geological hazard zoning. According to the current progress of the national geological hazard survey, it is not appropriate to emphasize the survey distribution and susceptibility evaluation zoning map of the federal or provincial scale with a ratio of less than 1:200,000. Quality and accuracy are difficult to guarantee for such a small-scale national geological hazard risk and zoning map. The 1:50,000 scale survey and the primary- to intermediate-level dangerous zoning mapping are more suitable for land use, hazard prevention, and mitigation planning at the city and regional levels. In contrast, large-scale geological hazard surveys, reconnaissance, catalogs, and hazard and risk zoning mapping only apply to key towns and major national engineering sites.



Due to the significant difference in the scope of the evaluation, the scale of the drawing will inevitably be very different, and the accuracy of the assessment is naturally impossible to compare. Therefore, to solve the problem of an uneven evaluation accuracy, this paper recommends the method proposed by Wu [20]: the regional geological hazard evaluation should obtain the scale evaluation results of 1:200,000 and 1:50,000 as much as possible. Moreover, to solve the problem of incoherence between regions due to different scales or different evaluation methods, it is suggested that a higher administrative organ should organize the geological hazard evaluation study with the basin or geomorphic unit as the region.




2.3. Evaluation Index System and Evaluation Criteria


There are many types of geological hazards. Geological hazards include two types, sudden and slow-change types, with eight sub-categories, for a total of thirty-four types.



Some scholars mainly conduct evaluation research on a certain kind of geological hazard; Zhou and Ning [32] discussed the existing problems of the single-channel debris flow risk assessment model in terms of parameter selection, unbalanced sample data, generalization ability, and spatial variability of the debris flow system. Chen and Li [33] compared and analyzed the performance of various combinations in landslide sensitivity modeling. Yi et al. [34] used the weight factor model to analyze and evaluate the risk of land subsidence. Fan et al. [35] monitored the land subsidence in the main urban area of Nanjing and revealed the spatial distribution characteristics of land subsidence in the study area.



However, most scholars use all of the geological hazards in the evaluation area to conduct evaluation research. For example, Wen et al. [36] used the AHP attribute identification model based on the GIS platform to assess geological hazards in the study area. Chen et al. [37] used the information volume model to investigate the susceptibility of the study area to geological hazards.



The geological conditions and triggering factors of each geological disaster are different, and the forms of damage to the hazard-bearing body are also entirely different. For example, landslide disasters often damage the structures of landslides in the form of overall damage with the disintegration of landslides. The sliding body destroys the bearing body at the front edge of the landslide. The destruction of the disaster-bearing body by the debris flow includes submergence, overflow, impact, abrasion, and much more. The damage caused by ground fissures to the bearing body mainly includes breaking and dislocation. Differences in the form of damage can also lead to differences in the degree of damage. Therefore, if the same evaluation index system and standard are used for evaluation, one will inevitably lose sight of the other.



To solve this problem, we suggest that different evaluation criteria should be established according to different types of geological hazards, and the evaluation work of different types of geological hazards should be carried out, respectively. Finally, the obtained results should be superimposed to obtain the evaluation results of geological hazards.



Constructing a reasonable evaluation index system is critical in geological hazard evaluation research. This paper studies the evaluation index system used in previous studies in the literature and finds differences [27,38,39]. So far, there has neither been a standard guideline nor a unified view of the world in geological hazard assessment research. The principles, selection, quantification and normalization, and determination of weights for constructing the index system are also different.



Chau et al. [40] believe that if the relationship between influencing factors and landslide occurrence is clear and easy to quantify, it can be used as an evaluation index. Aleotti and Chowdhury [30] use expert experience to select evaluation indicators. Baeza and Corominas [41] believe that the indicators are often chosen not because they are the most suitable, but because these data are relatively easy to obtain under existing conditions. Li et al. [42] used the national geological disaster survey results to establish a four-level comprehensive evaluation index system. Wang et al. [12] built an evaluation index system based on previous research results and combined it with existing geological conditions. Hamza and Raghuvanshi [43] summarized previous research results and selected six indicators, including lithology, elevation, and aspect, to construct an index system.



In the past 30 years, although scholars worldwide have researched geological hazard evaluation and obtained many research results, due to the regional differences of geological hazards, the evaluation work lacks uniform or widely recognized evaluation standards, norms, or guidelines. Only the latest geological hazard risk assessment specifications issued by the Ministry of Land and Resources, People’s Republic of China, are relatively uniform [44].



In terms of geological hazard susceptibility evaluation research, most scholars establish an evaluation index system based on the geological and environmental conditions of the evaluation area and the influencing factors of geological hazards, refer to the qualitative evaluation results, and determine the degree of susceptibility based on the differences in the results of the evaluation area. The undesirable consequence is that the two adjacent evaluation areas do not converge on the borders. At the same time, the evaluation results of different regions lack horizontal comparability. The fundamental reason for this is that the evaluation index system is not uniform, and the index quantification, normalization methods, and weights are inconsistent.



Therefore, the author suggests that some experts who are deeply engaged in the field of geological hazard evaluation and evaluation can take the lead and formulate a unified geological hazard evaluation index system and standards with the strength of the government and academia to form a systematic work and research method in this field.




2.4. Evaluation Method


Early assessments of geological hazards were based on qualitative methods, such as expert scoring methods. This type of evaluation method mainly relies on expert knowledge and experience and lacks objectivity. Since the 1980s, more and more mathematical methods have been introduced into the field of geological hazard evaluation, opening the era of the quantitative assessment of geological hazard evaluation.



Based on the research results of existing geological hazard risk assessment methods, the geological hazard risk zoning evaluation model is divided into geographic information systems, qualitative, quantitative, machine learning, coupled methods, and others. The geographic information system is mainly based on the ArcGIS platform for risk regionalization evaluation. Qualitative models are generally based on expert knowledge and experience, including expert scoring, analytic hierarchy, and weighted linear combination methods. Quantitative models mainly include statistical analysis models, including the Newmark displacement model, contribution weight overlapping addition, fuzzy comprehensive evaluation method, rough set theory, etc. Rough set theory is a small sample method that quantitatively analyses and deals with inaccurate, inconsistent, and incomplete information and knowledge. Statistical analysis models can be divided into binary statistical analysis models and multivariate statistical analysis models, where binary statistical analysis models mainly include the deterministic coefficient method, evidence weight method, information quantity method, frequency ratio method, etc. Multivariate statistical analysis models mainly include discriminant analysis, logistic regression analysis, etc. Machine learning models mainly include neural networks, random forests, support vector machines, Bayesian networks, decision trees, etc. The coupling model is mainly an evaluation model coupled with two or more methods. Other methods include the comprehensive index method, mutation theory, matter–element model, fractal theory, and quantitative theory.



Aleotti and Chowdhury [30] used the expert scoring method to quantify different control factors to evaluate the susceptibility of geological hazards. Xiang and Huang [45], Cheng et al. [46], Liu et al. [47], and Pradhan and Lee [48] used artificial neural network methods to assess geological hazards. Wang and Yi [28], P. Kayastha et al. [49], Gao and Su [50], Wang et al. [51], Chen et al. [52], and Ji et al. [26] used an analytic hierarchy process to determine the weight of evaluation indicators. Li et al. [53], Azimi et al. [54], and Fatemi Aghda et al. [55] used fuzzy logic methods to analyze the susceptibility, hazard, and risk of geological hazards. Mathematical statistics include regression models, binary statistical analysis, principal components, and discriminant analysis. Liu et al. [47] and Bai et al. [11] used a binary logistic regression model to study the relationship between geological hazards and their controlling factors; Hamza and Raghuvanshi [43] carried out a geohazard risk assessment for the Jeldu District using binary statistical analysis; Carrara et al. [56] and Baeza et al. [41] used a stepwise discriminant analysis to conduct geological hazard evaluation research.



Although many achievements have been made in the single model for geological hazard risk zoning and evaluation, there are still many places that need to be improved: the qualitative model relies too much on the subjective experience and analysis of the expert, resulting in low reliability. The quantitative model only performs a linear superposition and summation of the information entropy of the risk index, and it is difficult to determine the relationship between each factor and the disaster point in the high-dimensional space. Constrained by convergence and the number of hidden nodes, machine learning models are prone to overfitting, resulting in model distortion. At present, the coupling of two kinds of models is the most widely used method in the evaluation of geological hazard risk regionalization, which mainly includes the coupling of two kinds of quantitative models, such as the coupling of a qualitative model and quantitative model, the coupling of a quantitative model and machine learning model, and the coupling of two kinds of machine learning models. The comparison between the two models and the single model is as follows: deterministic coefficient logistic regression coupling model > deterministic coefficient > logistic regression model; information quantity–neural network coupling model > information quantity model; Newmark model–neural network coupling model > neural network model coupling > Newmark model. It can be seen that the coupled model has higher precision and better stability than the single model. In the coupling model analysis and comparison, the quantitative model is coupled with the qualitative model, the quantitative model, and the machine learning model, respectively, and the coupling accuracy and stability of the two quantitative models are obtained.




2.5. The Applicability of the Evaluation Results


There have been many studies on geological hazard assessment, but few evaluation results have been used in geological hazard prevention [57,58,59,60]. The assessment results of the susceptibility of geological hazards divide the assessment areas into high-prone, medium-prone, low-prone, and non-prone areas. According to the “Geological Disaster Regulations” requirements, urban planning and engineering construction in areas prone to geological hazards must specialize in geological hazard risk assessment. At the same time, the evaluation results of the susceptibility of geological hazards are also essential bases for local governments at all levels to carry out the prevention and control of geological hazards, as well as one of the critical decision-making bases for activities such as social and economic development planning, urban planning, and site selection for major projects. The results of the geological hazard risk assessment have few practical uses. The content of practical application value is based on the threat objects of each determined geological hazard point, and the dangerous geological hazard points can be screened out, which is beneficial to local governments or enterprises to carry out targeted geological hazard prevention and control work. However, most geological hazard risk assessments are currently in the exploratory stage, and very few research results have been genuinely applied to preventing and mitigating geological hazards.





3. Discussion and Suggestion on Geological Hazard Evaluation


Since the 21st century, geological hazard assessments have become effective means of disaster prevention and reduction, and there are abundant research materials worldwide [8,22,37,61]. They provide rich and solid primary data for evaluating and researching geological hazards. Therefore, further enhancing the depth of the evaluation and research of geological hazards is possible. Based on the problems existing in the assessment of geological hazards at this stage, the author believes that further research can be carried out using the below aspects.



3.1. Divide the Levels of Geological Hazard Evaluation and Clarify the Content of Geological Hazard Evaluation


First of all, the susceptibility of geological hazards involves a regional evaluation. However, the practicability of geological hazards and risk regional assessment results is not strong at present [40,62,63], so it can be transformed into the hazard and risk assessment of a single hidden point of geological hazards, which can save a lot of evaluation work and overcome the disadvantage of the insufficient practicability of the evaluation results. The evaluation results of the susceptibility of geological hazards can be used as an essential basis for the prevention and control of geological hazards in the process of local government socio-economic development planning, town planning, important village planning, and significant project site selection so that the construction of critical economic zones, towns, important villages, and major projects can be as far from geological hazard-prone areas as possible, even if it is impossible to prevent these events from happening [64]. We can also take targeted measures to control geological hazards [65,66]. Through the risk assessment of a single geological hazard hidden danger point, the geological hazard hidden danger points that threaten the most people and property can be determined, which would be conducive to the targeted work of the local government, especially in the preparation of geological hazard prevention and control plans. Humanpower, material resources, and financial resources are used to prevent and control individual geological hazards that threaten a large number of people and property. The results of a risk assessment have important guiding significance for the classification of geological hazards in the planning of geological hazard prevention and control. A geological hazard assessment can draw conclusions about which geological hazard hidden danger points cause a certain number of human casualties and property losses within a certain evaluation time limit. If the probability of exceeding within a short time limit is greater, the urgency of prevention is self-evident. Therefore, the hazard assessment results have important guiding significance for the stage of geological hazard prevention and control in the geological hazard prevention and control plan.




3.2. Further Research on the Theory and Method of Geological Hazard Evaluation


3.2.1. Research on the Theory and Method of Landslide Hazard Susceptibility Evaluation


We must first determine their causal relationship and existing geological hazards to assess the susceptibility of geological hazards. A lot of evaluation work uses the density of geological hazard points as one of the crucial indicators of susceptibility evaluation, and the corresponding weight is also relatively large [67]. This result is often in good agreement with the law of geological hazard development. Nevertheless, from the concept of susceptibility, the susceptibility of geological hazards is determined by regional and environmental conditions and the triggering or inducing factors of geological hazards. The high-prone areas of geological hazards are inevitably the areas where geological hazards frequently occur, so detailed survey results of geological hazards can be used to verify the evaluation results. For example, Wang et al. [68] provided evidence of the increased concentration of disaster locations in areas with high susceptibility, indicating that their coupled model evaluation of landslip susceptibility is more accurate. The causal connection between the two phenomena lies in the fact that geological risks have an increased tendency to manifest in vulnerable regions, resulting in an increased frequency of geological disasters. The increased prevalence is both the consequence and the catalyst of the elevated vulnerability.



Secondly, it is necessary to adjust the geological hazard assessment area and scope. Most existing geological hazard susceptibility evaluation studies are based on administrative units [69,70,71]. The main reason for this is that the detailed survey of geological hazards is carried out in county-level administrative regions. However, an administrative region often spans several geomorphic units and involves different watersheds. Different survey units, evaluation index systems, and evaluation results have caused the evaluation results of administrative areas to be poorly connected. Even with the same or similar geological conditions, environmental conditions may be at different levels of geological hazard susceptibility. Some scholars have divided the study area based on a river basin or water system unit, conducted a susceptibility evaluation, and found that the results are more consistent with the disaster distribution law [72,73]. Given this, based on the existing detailed survey data of geological hazards, a study on the susceptibility of geological hazards based on the basin should be carried out.



Third, the susceptibility of geological hazards is controlled by the conditions and triggering factors of geological hazards [38]. However, the formation conditions and triggering factors of different geological hazards are different and may even be far apart. Therefore, conducting a susceptibility assessment on all geological hazards has theoretical drawbacks. Thus, the susceptibility evaluations of slope geological hazards, debris flow hazards, ground fissure hazards, ground subsidence hazards, and ground collapse hazards can be carried out separately. Then, all of the evaluation results can be superimposed in a topological space, and finally, the zoning map of the geological hazard susceptibility of the evaluation area can be obtained.



Fourth, to make the evaluation results of geological hazard susceptibility in different regions comparable, the evaluation index system of geological hazard susceptibility and the index value and normalization rules should be unified [74]. Taking the basin as the benchmark to evaluate the area and conducting the evaluation according to the types of geological hazards makes it possible to establish this set of rules. For example, the below figure shows the basic framework (Figure 1) used to establish a slope-type geological hazard susceptibility evaluation index system and refine the evaluation factors. Then, we will study the value rules and normalization rules of different evaluation factors. At the same time, it is necessary to study the degree of influence of varying evaluation factors on the susceptibility of geological hazards and determine the unified weight. Suppose this set of rules can be established. In that case, there are norms to check for index selection and rules to follow in the value and normalization of evaluation factors, and the weights can be uniform so that the evaluation results of different evaluation basins will be comparable. The evaluation results will not have a disconnection problem between the division boundaries.




3.2.2. Research on Theories and Methods of Geological Hazard Danger Assessment


According to the danger assessment concept suggested above, the main goal of conducting a geological hazard danger assessment is to predict the maximum impact area of hidden danger points of geological hazards and to investigate and count the population and total assets within the impact area. Geological hazard assessments have reached a relatively mature state, so their standard formulation can be modified based on the geological hazard assessment standard issued by the Ministry of Land and Resources of China in 2015 (Table 1) [75].




3.2.3. Research on Theories and Methods of Conducting Geological Hazard Assessment


Geological hazard assessment research is weak. The authors think that we can start from the following aspects in the future.



First, the time limit for hazard assessment should be determined, which should be aimed at applying hazard assessment results. As for the government, the department carries out geological hazard management. It can be divided into short-term (one year), medium-term (five years), and long-term (ten years), corresponding to the exceedance probability of one year, five years, and ten years. The one-year probability of exceeding is mainly used to prepare the annual geological hazard prevention and control plan, and the five-year probability of exceeding is mainly used to prepare the geological hazard prevention plan. Ten-year exceedance probability is primarily used for the long-term prevention of geological hazards.



Second, prediction and evaluation research on the probability of geological hazards should be conducted in different time frames. A specific influencing factor often triggers the hidden dangers of sudden geological hazards and their occurrence, and the recurrence probability of this triggering factor is the probability of occurrence of geological hazards. Of course, the recurrence probability of the triggering factor also requires a lot of investigation, monitoring, statistics, and experimental research—for example, one of the crucial factors affecting the formation of landslides during rainfall. If we can find a correlation between rainfall or rainfall intensity and the stability of landslides, we can obtain the rainfall or rainfall intensity thresholds at which landslides occur. In this way, we can evaluate the probability of landslide failure according to the likelihood of critical rainfall or rainfall intensity threshold. The development speed can be considered uniform regarding the hidden dangers of slow-changing geological hazards. The monitoring data can be used to predict and evaluate whether casualties and property losses will occur within a specific evaluation period. Accordingly, they can be used to predict and estimate the exceedance probability of a certain magnitude of casualties and property losses within a particular evaluation period.



Third, deep machine learning can be used to identify hidden geological hazards automatically. With the rapid development of artificial intelligence technology, deep machine learning will become a tool for identifying geological hazards and developing them toward intelligent automation. The existing research results show that the new geological hazards can be interpreted automatically and quickly through remote sensing change detection, artificial intelligence, and deep machine learning because their spectral and texture characteristics significantly differ from those of the surrounding environment. Deep machine learning methods based on convolutional neural networks can effectively perform automatic recognition for ancient landslide bodies with unclear deformation, geomorphic features, and general geological hazard points. However, the current recognition accuracy is low, and further research is needed.



Fourth, surveys and statistics on the populations and properties within different impact areas of hidden danger points of geological hazards should be conducted, and the population and property loss classifications should be determined. The vulnerability assessment research of the bearing body of the hidden danger point of geological hazards should be carried out. The population and total assets specified in the geological hazard risk evaluation are the most destructive evaluations after the geological hazard occurs, and the risk level can be obtained. However, people are aware of and able to actively avoid geological hazards, and some buildings can also resist geological hazards. Therefore, it is necessary to research the vulnerability of the population and buildings to determine the classifications of population and property losses.



Finally, research should be carried out on the hazard assessment model of geological hazards. There are many geological hazard assessment model results, but they are not based on vulnerability classification and different time scales. Therefore, based on the existing research results, the occurrence probability of geological disasters with unavoidable casualties and property losses can be calculated under different time scales and vulnerability classification conditions. The shorter the time limit, the greater the probability of surpassing it, the greater the necessity of geological hazard prevention, and the more urgent the time.






4. Conclusions


(1) This paper points out the problems that need to be solved by a geological hazard assessment, including the basic concepts, evaluation scope and accuracy, evaluation index systems and criteria, evaluation methods, and the applicability of the evaluation results.



(2) At present, the risk assessment of geological hazards in relevant studies in the literature mainly focuses on the possibility (i.e., susceptibility and risk) assessment of geological hazards, and there is insufficient research on the classification of geological hazard assessment levels and the theory and method of geological hazard assessment.



(3) In the past, evaluation indicators were often chosen due to different regions, types, influencing factors, and even different levels of data integrity. Each project established its own evaluation index system. Therefore, we proposed a landslide hazard assessment index system model that is applicable to all regions, which contains all of the factors that may affect the formation of landslide hazards. If a parameter with no value is encountered during the evaluation process, it only needs to be processed as 0 to be included in the calculation.



A geological hazard assessment is the basis for the risk control and prevention of geological disasters. Although many scholars have made considerable research and achievements in geological disaster assessment and evaluation, due to the complexity of this field, there are still problems, such as inconsistent evaluation standards, unpersuasive evaluation methods, and the insufficient practicability of the evaluation results. Therefore, geological disaster assessment research should be carried out. There is still a long way to go to obtain reasonable and practical geological hazard evaluation results. The authors put forward some understanding of this, hoping to play a role in promoting the rapid development of geological hazard evaluation research. The following are suggestions for further steps:




	(1)

	
A universal evaluation index system and index assignment rules should be constructed. It is recommended to consider the control factors that contribute to the formation of geological hazards, including the topography, stratigraphic lithology, geological structure, hydrogeological conditions, geological conditions of rock and soil engineering, and influencing factors of geological disasters, including rainfalls, earthquakes, human activities, etc. A geological hazard evaluation index system applicable to all regions should be established. According to the value range of the geological hazard index, universally applicable index assignment rules should be established. The evaluation result value interval should be studied and the unified classification threshold should be delimited. This can solve the problem of the lack of comparability of geological hazard evaluation results.




	(2)

	
The accuracy of geological hazard investigation should be improved, and a connection between geological hazard risk assessment results and geological hazard prevention and control should be formed. Geological hazard investigations and evaluations at scales of 1:100,000 and 1:50,000 have been completed. Regional geological hazard investigations and evaluations at a scale of 1:10,000 should be carried out in the future, and geological hazard surveying and evaluations at a scale of 1:2000 should be carried out in critical areas. The research results can be directly applied to the design of geological hazard prevention and control and the risk management of geological hazards.
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Figure 1. Susceptibility evaluation of slope geological hazards. 
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Table 1. Specifications for risk assessment of geological hazards. (a) Geological hazard assessment grading table. (b) Classification of geological hazard degree. (c) Geological hazard classification table.
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(a)




	
Importance of Construction Project

	
Complexity of Geological Environmental Conditions




	
Complex

	
Medium

	
Simple




	
Important

	
level one

	
level one

	
level two




	
Secondary importance

	
level one

	
level two

	
level three




	
Generally important

	
level two

	
level three

	
level three




	
(b)




	
Degree of Hazard

	
Disaster Situation

	
Dangerous Situation




	
Death Toll/P

	
Direct Economic Loss/10K

	
Number of People under Threat/P

	
Possible Direct Economic Loss/10K




	
Large

	
≥10

	
≥500

	
≥100

	
≥500




	
Medium

	
>3~˂10

	
>100~˂500

	
>10~˂100

	
>100~˂500




	
Small

	
≤3

	
≤100

	
≤10

	
≤100




	
(c)




	
Degree of Hazard

	
Degree of Development




	
Strong

	
Medium

	
Week




	
Large

	
High risk

	
High risk

	
Medium risk




	
Medium

	
High risk

	
Medium risk

	
Medium risk




	
Small

	
Medium risk

	
Low risk

	
Low risk








Note 1: Disaster situation refers to the geological disaster that has occurred. The index of “casualties” and “direct economic losses” is used for the evaluation. Note 2: Dangerous situation refers to the geological disaster that may occur, and the index of “number of people under threat” and “possible direct economic loss” is used for the evaluation. Note 3: The hazard degree is evaluated by the index of “disaster situation” or “dangerous situation”.
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