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Abstract

:

Landslide incidents frequently occur in the upper northern region of Thailand due to its topography, which is mostly mountainous with high slopes. In the past, when landslides happened in this area, they affected traffic accessibility for rescue and evacuation. For this reason, if the risk of landslides could be evaluated, it would help in the planning of preventive measures to mitigate the damage. This study was carried out to create and develop a risk estimation model using the artificial neural network (ANN) technique for landslides at the edge of the roadside, by collecting field data on past landslides in the study areas in Chiang Rai and Chiang Mai Provinces. A total of 9602 data points were collected. The variables for forecasting were: (1) land cover, (2) physiographic features, (3) slope angle, and (4) five-day cumulative rainfall. Two hidden layers were used to create the model. The number of nodes in the first and second hidden layers were five and one, respectively, which were derived from a total of 25 trials, and the highest accuracy achieved was 96.74%. When applying the model, a graph demonstrating the relationship between the landslide risk, rainfall, and the slopes of the road areas was obtained. The results show that high slopes result in more landslides than low slopes, and that rainfall is a major trigger for landslides on roads. The outcomes of the study could be used to create risk maps and provide information for developing warnings for high-slope mountain roads in the upper northern region of Thailand.
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1. Introduction


Natural disasters are becoming more severe and occur more frequently, causing inevitable damage and impacting people. Landslides are an interesting type of disaster that should be of concern for study as they are the seventh most severe natural disaster among all natural disasters [1] and can cause catastrophic losses and death [2]. They mostly occur in the mountains on steep slopes that lack internal balance and on hillsides that lack tree cover, which helps to absorb water. When it rains in an area until the land cover is saturated and unable to absorb any more water, land collapses down the slope due to gravity. Rainfall is considered a significant trigger of landslides in many parts of the world. Abraham et al. [3] stated that rainfall is a main factor causing landslides in most elevated areas in India. In addition, in Thailand, rainfall and landslides are clearly and significantly related. The study of landslide risk assessment by Petpongpan et al. [4] also showed that rainwater is the main cause of landslides. Regarding landslides in Thailand, it is known that landslides occur frequently in the upper northern region of Thailand because the topography of the area is flat terrain alternating with mountainous areas with high slopes, which are mostly part of the mountainous terrain [5], as shown in Figure 1, which gives an example of the topography of Chiang Rai Province, a province in the upper northern part of Thailand.



Based on past incidents, landslides are frequently found at the edges of roads, and examples of damage overviews can be found in the news. For example, in August 2019, a landslide covered a route leading to tourist attractions in the north of Thailand [7], and in August 2021, a landslide caused a large rock to block a road [8]. These incidents show that landslides at the edges of roads affect traffic and result in a loss of communication between communities. Sometimes, there is also damage to roadside structures, as shown in Figure 2.



Therefore, to reduce the impact of landslides and the damage they cause, it is important to estimate the risk of landslides before they occur, as this can help in surveillance and the planning of prevention measures to avoid damage from future landslides. Although modeling methods have been studied to forecast landslides in various areas, to the best of our knowledge there has been no research related to landslide susceptibility risk modeling in northern Thailand, which has unique characteristics. Moreover, this study offers a scientific contribution in presenting a model for applying a data analysis approach instead of heuristic analysis, in order to reduce the data collection time and benefit other researchers. However, there are factors that affect the landslide when a landslide does occur, and these will be discussed in the next section. The rest of the paper is structured as follows: Section 2 describes the factors that affect the landslide risk; Section 3 presents modeling techniques; the methodology is presented in Section 4; Section 5 presents the results; and Section 6 includes a discussion and conclusions.




2. Factors That Impact Landslide Risk


In general, landslides can occur in a variety of ways, and there are many factors that cause landslides, such as type of land cover, physiographic classifications, slope angle, and rainfall. However, when reviewing the literature on factors related to landslides, it was identified that the factors that were relevant to this study included the following.



2.1. Type of Land Cover


Landslides are caused by the movement of the topsoil, so an important factor in landslides is the binding capacity of the topsoil of the land cover. Due to changes in soil conditions, from natural forest to agriculture, road construction, or buildings, similar areas have different land cover. In past research, land cover has been considered important. According to Shu et al. [11] and Tengtrairat et al. [6], land cover is divided into five types, whereas Zhao et al. [12] categorized land cover into six types. Most researchers will choose to use a classification approach that is in accordance with the conditions of the study area. In this study we categorize five types of land cover: (1) bare soil, (2) buildings, (3) roads, (4) grass, and (5) trees. In conclusion, land cover is an indispensable factor associated with the occurrence of landslides in the considered area.




2.2. Physiographic Classifications


Generally, landslides are caused by physiographic weathering of different rock types, in which the weathering rate of each type is dissimilar. When a rock layer decays, it becomes soil. The unequal decay rates of rocks will result in different adhesion properties between the soil granules and different soil erosion resistance values. In addition, faults and the orientation of the rock layers also affect weathering [13]. Most of this is due to the structure of rock layers and the effects of weather conditions, making them prone to landslides [14]. Physiographic classifications are divided by area. Marc et al. [15] divided rocks into four types, whereas Chen et al. [16] categorized them into three main types. Therefore, physiographic classifications usually depend on information about the studied areas. According to the Department of Mineral Resources, Thailand [5], the physiographic properties in the upper northern region of Thailand are divided into two types: (1) sedimentary or metamorphic rock and (2) igneous rock. When compiled with the previous literature, these two rock types can be used as important variables in risk assessment modeling in the upper northern region of Thailand.




2.3. Slope Angle


Slope is an influencing variable and is often used as a variable for landslide analysis because landslides are associated with higher slopes. Therefore, areas with high slopes are prone to landslides [17]. A high slope tends to cause the soil to lose stability and move down the slope of the mountain, and thus the area is more prone to landslides than low-slope areas. Landslides can occur at slopes in the range of 15°–30°, and the highest landslide tendencies are in slopes of 25°–30° [18], although some studies have concluded that most landslides occur on slopes of 30°–40° [19]. This is due to consideration of other factors affecting landslides in the area. However, the main conclusions from the analysis of the landslide mechanism by Zhongping et al. [20] is that the slope areas under consideration should be in the range of 10°–30°. Therefore, the slope factors of the area directly affect the occurrence of landslides in high slope areas in upper northern Thailand.




2.4. Amount of Rainfall


This is a variable that increases the weight of the soil mass relative to normal conditions and reduces the amount of movement resistance. Most landslides are caused by extended heavy rainfall on mountain slopes, causing the wet soil layer to be unable to absorb more water, resulting in slides and collapse [13]. Most landslides are triggered by rainfall [21], which is the primary direct factor in determining landslides. Areas with heavy rainfall are likely to develop landslides [22]. The occurrence of landslides is caused by cumulative rainfall of more than three days [23]. Due to the infiltration of rainwater, slope instability is observed for unsaturated soils [24]. Therefore, it is generally known that the amount of rainfall definitely affects landslides. The rainfall data used must be from reliable and usable sources such as the Department of Water Resources or others that collect daily rainfall data from the monitoring stations which have been systematically distributed throughout the region for many years. To apply rainfall data, if the area under consideration is large, an area distribution analysis is used to calculate the average rainfall over the area, which is determined by averaging using the isohyetal method.



Regarding the review of the literature, it can be concluded that the factors mentioned above, including the type of land cover, physiographic classifications, slope angles, and amount of rainfall, are all important in the occurrence of landslides. Now that the factors contributing to landslides have been identified, the next step is to apply these factors to forecasting the risk of landslides. However, forecasting modeling requires a variety of modern techniques, with a preference for popular and literature-reviewed techniques for accuracy, to create a model to estimate the risk of occurrence, which will be discussed in the next section.





3. Modeling Techniques


Nowadays, the use of modern techniques to assist with modeling in various fields has begun to play an increasingly important role. There are a variety of techniques for modeling landslide forecasting. We found a total of 13 articles detailing forecasting techniques from 2019 to 2021, and the types and number of techniques used are summarized in Figure 3.



Some of the articles in Figure 3 used more than one technique. In landslide forecasting modeling, each of the techniques has different strengths. ANN was the most commonly used technique [25,26,27,28,29,30,31,32,33,34,35], followed by logistic regression [28,29,33,34,35,36]. Next, were support vector machine, naive Bayes, and random forest, each of which were used twice [28,33,35,36,37]. Lastly, kernel logistic regression was used once [37].



The artificial neural network (ANN) technique is well accepted in landslide forecasting modeling because of its high efficiency and accuracy. It is a mathematical or computational modeling technique for processing information with the use of connections by studying neurons and synapses. The idea is that computers are capable of learning like humans, so they can be trained and taught to apply information to forecasting. The standard structure of ANNs is divided into three main parts: an input layer, hidden layers, and an output layer, which are all essential for the ANN modeling processes; the number of hidden layers must be determined and tested in order to achieve the best forecasting results. An example of an ANN is shown in Figure 4.



Nowadays, there are a number of software programs that support non-coding for predictive events using ANN modeling, which are useful to members of the general public who are not proficient in coding and can be applied to the data analysis approach. One of those programs is RapidMiner [38,39]. RapidMiner is a free-to-use program with a few limitations, but its basic functions can be used to create forecasting models. Sitthikankun et al. [40] used this program to estimate construction costs using an ANN, and Celik and Basarir [41] applied an ANN to forecast metal prices, using RapidMiner to create forecast models. The users referred to are non-coding professionals who used RapidMiner to create forecasting models without having to write the code themselves, with little understanding of the basics of source-code writing. This is known as no-code platform development. The methodology will be discussed in the next section.




4. Methodology


The stepwise methodology is shown in Figure 5.



The methodology shown in Figure 5 is divided into 3 main processes: first, the data collection process, which is described in detail in Section 4.1 and Section 4.2; second, the modeling process for data forecasting, which is be described in detail in Section 4.3; and third, the model accuracy testing process that consists of the results of the experiment, the details of which are presented below.



4.1. Area Selection


Considering a study area in the upper northern region of Thailand, areas located on steep slopes that were prone to landslides were selected. Initially, Chiang Rai and Chiang Mai Provinces were selected because there have been landslides on roadsides at many points that have caused losses to the communities and affected traffic on tourist routes. Examples of traces of landslides in Chiang Rai and Chiang Mai are shown in Figure 6.




4.2. Data Collection


To develop a forecasting model for landslide risk using an ANN, we used a data analysis approach based on finding the relationship between the source variables and the dependent variables by using incidents or occurrence data of landslides collected in the past. The dependent variable data refer to the level of landslide risk. The independent variables were the variables affecting the change in the likelihood of risk, including land cover, physiographic classifications, slope angles, and the amount of rainfall. First, we collected data from landslides in the study areas in Chiang Rai and Chiang Mai Provinces, which are provinces in the upper north of Thailand where frequent landslides occur. We collected data from 12 past landslide events from 7 areas and their surroundings, as listed in Table 1 below; the imported datasets were used to generate a 5 × 5 m grid from both the area where the landslide occurred and the surrounding area. The area where the landslide occurred was assigned the risk number 1, and the surrounding area was assigned the risk number 0.



Based on the incidents listed in Table 1, data collection of key variables was carried out; each variable had to be updated before being used to create a landslide risk forecasting model, which is described in the following. All of the data collection process are explained in Figure 7.



The data collection process is summarized in Figure 7. In accordance with the data in Table 1, the next step was to conduct a site survey to gather further information about the landslide event, including requesting information from government entities in the area about previous accidents, as indicated in Figure 7a,b. Then, using numerous data digitization processes from the original format to a GIS shapefile format, all data, including land cover, physiographic classifications, slope angles, and five-day cumulative rainfall data, were sourced from credible secondary data sources.



The land cover digitization of data was achieved by importing aerial images from Sentinel-2 satellites into the Quantum Geographic Information System (QGIS) program and classifying the land cover using the Semi-Automatic Classification Plugin command in QGIS. The land cover was divided into five sub-categories, as follows. (1) Bare Soil: this is bare soil with nothing covering it; the soil surface can directly receive rainwater. (2) Building: this data represents the hardscape areas (excluding roads), such as buildings, parking lots, stadiums, and so on. (3) Grass: an area covered with small, low-growing plants, the majority of which are herbaceous plants or shrubs. (4) Road: road profiles are separated from buildings and covered with asphalt, which has a very low water seepage rate. (5) Tall trees: in this area, large trees cover the soil. The majority of them are perennials that can reach heights of more than 5 m. Figure 7c depicts all of these land cover data. In terms of physiographic classification, there are two types of rocks: igneous or sedimentary rock and metamorphic rock. These data were obtained from the Department of Mineral Resources and were already in digital format (GIS shapefile) and ready for use in the next step. Slope angle data were obtained by importing the ALOS PALSAR satellite’s Digital Elevation Model (DEM) files into the calculation process via the Slope command in the QGIS program. Meanwhile, cumulative rainfall data from rain-gauge stations near the incident site were used to generate isohyet data for the study area. Interviews with responsible local people were conducted at each site to collect 5 days of cumulative rainfall data prior to the day of the landslide. Figure 7d–f shows the physiographic classifications, slope angles, and 5-days cumulative rainfall data digitized in the QGIS step, respectively. The incident site was surveyed to find any traces of landslides that remained from the previous, and digitization techniques were used to convert raw data into GIS shapefiles for landslide/non-landslide points. Figure 7 depicts a landslide point with a value of 1 and adjacent points with values of 0 (g).



The final step was to overlay all the GIS shapefile data with a 5 m grid and save all the data mentioned above into each grid, with outliers removed, until there were 9602 usable data left. As shown in Figure 7h, these data were sent to a Microsoft Excel spreadsheet in preparation for the next step.



4.2.1. Landslide Risk


The physical data on past landslide areas from the study areas were obtained by examining the landslide characteristics, the duration of occurrence, the damaged areas, and the weathering characteristics, along with collecting recorded local damage photos and news articles, to convert them into datasets for modeling. If a location had never had a landslide, the value was 0, and the value was 1 if a landslide had occurred before.




4.2.2. Land Cover


Field visits were conducted to survey and collect physical data, which were used together with aerial photographs. The aerial photographs had to be converted into digital files, and the land cover type data were imported from the Quantum Geographic Information System (QGIS) program using the Semi-Automatic Classification Plugin, to classify the land cover into five groups, as illustrated in Figure 8.




4.2.3. Physiographic Classifications


Field visits were undertaken to survey locations, and a physiographic dataset from the Department of Mineral Resources was used [13]. Using digital files displayed through the QGIS program, a map was made illustrating the properties of the rock layers in the study area, and the result is shown in Figure 9.




4.2.4. Slope Angle


Field visits and data collected by searching maps from the Department of Mineral Resources were used to create slope maps for the study areas, and the results were displayed through the QGIS program. Examples are illustrated in Figure 10.




4.2.5. Rainfall


We selected the rainfall values from the Department of Water Resources rain-gauge stations located in the vicinity of the study areas. Rainfall data were collected for the five days before the landslides at each station near the study areas by creating isohyets, and the results were visualized through the QGIS program before they were extracted to create a model. An example of the vicinity of a rainwater station selection is shown in Figure 11.



Following the data collection for modeling, the imported datasets were generated from the study area maps in a 5 × 5 m grid format by extracting the data from QGIS. A total of 9602 data points were selected and collected from areas in Chiang Rai and Chiang Mai Provinces, consisting of landslide risk, land cover, physiographic classifications, slope angles, and five-day cumulative rainfall. A breakdown of the data is presented in Figure 12.



As seen in Figure 12, the following can be observed regarding the four types of information collected. (1) In land cover, grass had the highest proportion, followed by bare soil, while road area was the smallest. This is because this study area is located in rural areas, where built areas are normally smaller than natural areas. (2) Metamorphic and sedimentary rocks were more common than igneous rocks. (3) The majority of the slope angle data in each grid had values less than 20°, because community areas tend to be located in areas with no steep slopes, whereas the previous landslide locations were usually located in areas with slopes steeper than 20°. (4) The five-day cumulative rainfall data had values of less than 20 mm in more than half of the grid. However, due to the data collected being surrounding-area data, the data included low rainfall areas; the cumulative precipitation at the accident sites was higher than 60 mm, and thus, this information is reasonable.





4.3. Forecasting Modeling via RapidMiner


In the forecasting modeling, various functions within RapidMiner were used to create the modeling processes to forecast landslide risk with an ANN. The processes created are shown in Figure 13.



According to the processes of the modeling, in the neural net function part, the number of nodes for each layer in the hidden layers must be determined. This is considered an important step in the conventional feedforward ANN model. However, there is still doubt regarding how many hidden layers are needed. This decision is based on general rules (rules of thumb) in ANN modeling. Ranjan [44] stated that the number of hidden layers should be approximately two, with the first hidden layer having approximately half the number of independent variables, and the next hidden layer having half the number of nodes as the first hidden layer. Nevertheless, other node amounts should not be ignored. Sitthikankun et al. [40] performed trial-and-error testing until the number of effective nodes for further use was obtained, by the selection of models with the highest accuracy [27,28].





5. Results


For the estimation of the landslide risk in this study, data were collected to be used as modeling factors and node quantification tests were carried out to retrieve the most suitable model for estimating the risk of landslides. The results of the modeling are discussed in the next section.



5.1. Modeling


The 9602 data points collected were used to create a landslide risk model via the ANN approach. To achieve the best models, a number of node tests had to be performed, starting with the rules of thumb in which the data used had a total of eight independent variables. When performing trial-and-error tests for the number of nodes and layers, which may result in a greater accuracy than when using rules of thumb, a ROC curve indicating the accuracy of the model resulted, as shown in Figure 14.



Figure 14 presents the top nine values of ROC curves, selected to convey the trend of ROC curves from 25 trial-and-error tests. The appropriate number of nodes retrieved from the trial-and-error tests in the first and next hidden layer was five and one, respectively. During testing, this number of nodes achieved the highest accuracy value of 96.74%; the resulting ANN architecture is presented in Figure 15.



Once the appropriate number of nodes was obtained, the model could be applied to estimate the risk of landslides by preparing a new set of data, in which the focus was on the key variables, namely, land cover, road types, slope angles, and rainfall data.




5.2. Application


The study focused on roadside areas and considered the physiographic data, which showed that most areas had metamorphic and sedimentary rocks. Therefore, the application of the model was initiated in the case of roadside areas only if the physiographic type was metamorphic and sedimentary rocks. Applying the landslide risk model using an ANN for analysis in the last step, a graph displaying the relationship between the risk of landslides, rainfall, and slope angle in road areas was drawn, as shown in Figure 16.



In Figure 16, the x-axis is the cumulative rainfall over five days in the range of 0–100 mm, and the y-axis is the landslide risk, where 0 is the lowest risk and 1 is the highest risk. The graph is divided into three slope lines: 10°, 20°, and 30°. For the first of the three slope lines, with low five-day rainfall accumulation the landslide risk is relatively low, but then it gradually begins to change. The slope lines at 20° and 30° begin to change when the accumulated rainfall for five days reaches 30 mm. In addition, the slope line at 10° changes when the cumulative rainfall for five days reaches 40 mm. The rate of change has an S shape, leveling out when the five-day cumulative rainfall equals 50 mm, where all three slope lines are approximately equal.



However, analyzing the graphs further, it can be seen that slopes of 20° and higher are clearly different from the slope of 10° at the point at which the landslide risk reaches 0.50. Additionally, there are no differences between the graphs for slopes of 20° and 30°, and their graphs meet that of a 10° slope when the likelihood of risk is 0.85. Considering a landslide risk with a value greater than 0.50 (threshold) to be high, the cumulative rainfall for five days, consequently, is 38 mm for slopes of 20° and 30°. On the other hand, when a landslide risk of 0.85 (threshold) is considered to be high, when the five-day cumulative rainfall equals 50 mm all slopes can be defined as at high risk of landslides, depending on how sensitive the area is. Nonetheless, when the five-day cumulative rainfall is equal to 50 mm, based on this graph, this is considered an important point to monitor for further planning purposes.





6. Discussion and Conclusions


As a result of repeatedly occurring landslide incidents near roads in the upper north of Thailand, damage has greatly affected traffic and, at times, roadside construction also. Therefore, to mitigate the damaging impact, in this study we assessed the risk of landslides using an ANN technique that creates forecasting models in RapidMiner. Field data were collected, in addition to information obtained from relevant departments, together with all the data from past landslides in the study areas of Chiang Rai and Chiang Mai Provinces, totaling 9602 data points, consisting of types of land cover, physiographic classifications, slope angles, five-day cumulative rainfall, and landslide risk. The resulting graphs were consistent with literature reviews indicating that the likelihood of landslides increases on slopes of 15°–30° [18]. Moreover, the theories also indicate that steep slopes result in more landslides than low slopes [17], even though our graph at 20° looks the same as that for 30°. This may be due to the data collected having slopes at 20° rather than at 30°. It is evident from the data scale that slopes of 30° and above were very limited compared to slopes of 10° and 20°, so it is possible that the modeling approaches applied included slope values in the range of 20°–30° in the same group.



Furthermore, the results show that if there was heavy rainfall for five consecutive days within an area with other risk factors, such as a relatively steep slope, the likelihood of landslides was high [23]. Rainfall is the main factor determining landslides [22], which means that for any areas located on a roadside with accumulated rainfall of five or more days, regardless of the slope, when the rainfall increases steadily, the chances of landslides are quite high. Rainfall, as a result, is the major trigger for landslides [21].



This study describes a modeling process for measuring landslide susceptibility using reliable historical data. These processes can be applied to other areas that are at high risk of landslides and need to be assessed for susceptibility. However, appropriate local data should be considered, to improve the model’s accuracy and benefit future local landslide studies. However, the estimation of the landslide risk from models created by the ANN method and the application of the findings to create risk maps or for use in monitoring and measurement planning are different from the methods used in the past in Thailand [6,42]. In addition, this study will be helpful in further research, and the estimation of landslide risk will also benefit multiple sectors of land use planners, such as local departments or the Rural Roads Department, to design and maintain roads while reducing the road design risks and to plan for construction in areas around roads in mountainous areas in the northern provinces of Thailand while reducing the risk of unforeseen landslide incidents in the future.
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Figure 1. Topography of Chiang Rai Province, a province in the upper north of Thailand, adapted with permission from ref. [6]. 
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Figure 2. Examples of landslides in Chiang Rai Province. (a) Phu Chifa, Tambon Tap Tao, adapted with permission from ref. [9], (b) Ban Pha Dua, Tambon Mae Salong Nai, adapted with permission from ref. [10]. 
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Figure 3. Number of applied forecasting techniques from literature. 
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Figure 4. Artificial neural network (ANN) architecture. 
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Figure 5. Methodology. 
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Figure 6. Traces of past landslides in the study areas. (a) Chiang Rai Province area, adapted with permission from ref. [42], (b) Chiang Mai Province area, adapted with permission from ref. [43]. 
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Figure 7. Diagram of data collection process. 
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Figure 8. Examples of land cover of study areas retrieved from QGIS. (a) Tambon Tap Tao, Thoeng District, (b) Tambon Mae Salong Nok, Mae Fa Luang District. 
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Figure 9. Examples of physiographic maps retrieved from QGIS. (a) Tambon Tap Tao, Thoeng District, (b) Tambon Mae Salong Nok, Mae Fa Luang District. 






Figure 9. Examples of physiographic maps retrieved from QGIS. (a) Tambon Tap Tao, Thoeng District, (b) Tambon Mae Salong Nok, Mae Fa Luang District.



[image: Infrastructures 07 00017 g009]







[image: Infrastructures 07 00017 g010 550] 





Figure 10. Examples of slope angle maps retrieved from QGIS. (a) Tambon Tap Tao, Thoeng District, (b) Tambon Mae Salong Nok, Mae Fa Luang District. 
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Figure 11. Example of isohyets from the vicinity of rainfall station in Chiang Mai. 
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Figure 12. Breakdown of study of: (a) land cover; (b) physiographic classifications; (c) slope angle; (d) five-day cumulative rainfall. 
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Figure 13. Processes used to create ANN landslide forecasting models via RapidMiner. 






Figure 13. Processes used to create ANN landslide forecasting models via RapidMiner.



[image: Infrastructures 07 00017 g013]







[image: Infrastructures 07 00017 g014 550] 





Figure 14. ROC curve from trial-and-error testing. 
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Figure 15. ANN architecture displayed in RapidMiner. 
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Figure 16. Relationship between landslide risk, rainfall, and slope in road areas. 
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Table 1. Locations and dates of landslides in the study areas.
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Province

	
Area

	
Date






	
Chiang Rai

	
1. Phu Chifa, Tambon Tap Tao, Thoeng District

	
31 July 2018




	
2. Santikhiri Village, Tambon Mae Salong Nok, Mae Fa Luang District

	
21 August 2018




	
3. Sop Ruak Village, Tambon Wiang, Chiang Saen District

	
12 July 2013




	
Chiang Mai

	
4. Tambon Mon Pin, Fang District

	
21 September 2020




	
5. Tambon Huai Kaeo, Mae On District

	
21 August 2020




	
6. Tambon Suthep, Muang Chiang Mai

	
23 August 2020




	
7. Tambon Ban Luang, Chom Thong District

	
18 September 2015
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