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Abstract Rural depopulation in mountain communities is now well acknowledged as one of 

the salient challenges faced by Japan which made them more susceptible to landslide disasters 

with intense weather conditions. The degradation of the traditional culture due to the rapid 

depopulation in mountainous areas leads to the permanent disappearance of the best local 

knowledge for landslide disasters. This study attempts to investigate the community's landslide 

hazard knowledge. The research applied structural questionnaires and informal interviews for 

data collection. Firstly, the analysis has been conducted for identifying the main components 

in local knowledge on landslide disasters. Based on the component's results, the questionnaire 

was developed to measure awareness on those components within the community. Finally, the 

cultural consensus modelling was utilized in discovering the cultural truths not in individual 

responses but the degree of sharing of these responses. The research outcomes suggest how the 

local knowledge-based practices and the consensus of local knowledge had improved the level 

of disaster adaptation among the community members. Moreover, the findings revealed the 

impact of depopulation and aging on the sustainability of the mountain community in a 

landslide disaster environment. 

Keywords: Landslide, Local Knowledge, Adaptation, Depopulation, Cultural Consensus 
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1. INTRODUCTION 

 

Landslides recently became one of the most threatening natural disasters, especially in 

mountainous areas in Japan. Around 70% of Japan is a mountainous area, and therefore, the 

country often poses mudslides, landslides, slope failures, and other sediment disasters 

following heavy rains and earthquakes (Fujita et al. 2012; TSUNAKI 2000). In addition to the 

natural disturbance, social factors such as depopulation and the increased rate of aging in rural 

areas lead to additional natural vulnerability. The depopulation of rural regions in Japan started 

from the late 1950s due to the demographic changes and largescale rural-urban migration in 

post-war Japan (de Oliveira & Paleo 2016; Okubo et al. 2016). As the amount of population in 

rural mountain areas decreases, their inhabitants age rapidly. The rate of the aging population 

in Japan (people older than 65) became mid-level among developed countries in 1980s. At 

present, Japan reaches the top among the charts (Feldhoff 2013; Li et al. 2021; Tinker 2002). 

These social issues continuously increase the natural disaster risk specially in mountain 

communities. Due to this negative trend, the Japanese government established various 

structural and non-structural actions to prevent disaster risks. Research concerned with 

landslides and their related impacts has been carried out for more than 50 years. The “Landslide 

Prevention Law” was established and enacted in 1958 for landslide prevention and mitigation 

as the first of its kind in the world (TSUNAKI 2002). This law stands as the foundation to 

improve the technologies for controlling landslide risks in Japan. Since then, landslide 

investigation methods and several mitigation measures have been developed and continuously 

advanced (Fujita et al. 2012; TSUNAKI 2002).  

The strategies and approaches for the preparation of disaster prevention, mitigation, and 

rehabilitation in developed countries by public or non-governmental agencies are unsuccessful 

to reduce the vulnerability effectively (Malla et al. 2020; Murti & Mathez-Stiefel 2019). The 

proper establishment and implementation of disaster management need a high degree of 

adaptability to the local situations. Culture, traditions, and customs play a crucial role in the 

success or failure of disaster management (Kelman et al. 2012). On the other hand, it is 

necessary to take into account the cultural context in affected localities and areas. In order to 

develop a suitable user-friendly package, the customs, traditions, local practices, and ethnic 

compositions in an area should all be considered (Giles et al. 2008; Kelman et al. 2012; Meyers 

& Watson 2005). In this situation, there are gaps between the technical information generated 

from the specialists and the information received from the local communities in the form of 

risk-based knowledge resulting from the previous disasters and familiarity with the 

environment, which can be vital for locally appropriated solutions (Fischer 2000). Local 

knowledge can be defined as beliefs, a set of information, mental abilities, and practices, 

developed from the adaption practiced through generations by personal interactions (Berkes 

1999) and locally “generated through observations of the local environment” (Berkes 2002). It 

becomes the foundation of all environmental solutions for problems related to agriculture, the 

health care sector, food preparation, natural resource management, education, etc (Berkes 

2009; Hiwasaki et al. 2014; Islam et al. 2018; Lin & Chang 2020). In addition, local knowledge 
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plays an essential role in contributing the basic techniques and strategies by providing early 

warning systems and weather forecasting management for disaster risk reduction (Dasanayaka 

& Matsuda 2019; Hiwasaki et al. 2014). 

In Japan, the significance of indigenous/local knowledge in disaster risk reduction was 

emphasized by scholars related to different disaster events during past decades. For example, 

a story is told and believed to have been handed down by an ancestor who lived in the Sanriku 

region of Japan, a tsunami-prone area that saved many lives in the Great East Japan Earthquake 

in March 2011 (Zulfadrim et al. 2019). These phenomena describe how local knowledge is 

vital in disaster risk reduction among communities applying local knowledge to prevent 

disastrous events. In addition, many researchers have proved local knowledge as a vital factor 

of community resilience in the process of disaster risk reduction (Aldrich 2011, 2014; Aldrich 

& Meyer 2015; Mayer 2019; Norris et al. 2008). Furthermore, past studies have emphasized 

the function of local knowledge in disaster recovery (Lippi-Green, 1989) and the need for 

context-specific cultural understanding of disaster response (Aldrich 2014; Ganapati 2013). 

Nevertheless, the importance of local knowledge in disaster management was discussed and 

documented (Ragin & Becker 1992; Zanotti et al. 2010), but the effect of the consensus of the 

landslide-related local knowledge in a depopulating community is still not correctly identified, 

especially in the population-depleted mountain communities in Japan. Hence, the lack of 

theoretical research over the critical concepts related to landslide disasters with local 

knowledge motivated the present research. 

Subsequently, this study observes local knowledge in landslide disaster adaptations and 

investigates whether a shared, local vision of community sustainability and consensus about 

risk priorities can be identified. This study engages the case study method (Weller 2007) to 

investigate how the community members identify and take action to risks and how different 

adaptation decisions are made. This method is suitable to explain complicated problems where 

research and data are abundant, but the diverse situations is challenging to explain with 

standalone quantitative analysis. Despite this, Cultural consensus analysis was occupied in 

finding the cultural answer key in the analysis process. Cultural consensus analysis is a method 

developed in the 1980s by intellectual anthropologists (Gollin et al. 2004). The consensus 

approach, one of the investigative techniques in cultural domain study, assesses the culturally 

best responses establishing shared cultural ideas and the informant’s reliability in a cultural 

domain (Nekaris et al. 2018). This critical procedure has been frequently applied in 

ethnobotanical/ecological analyses, for example, to provoke local beliefs of flora and fauna for 

conservation and management (Carothers et al. 2014; Ruzol et al. 2021; Van Holt et al. 2010). 

Nevertheless, there is no proper research based on the consensus of local understandings in 

disaster management by applying cultural consensus analysis (U. Dasanayaka & Matsuda 

2022; Morris et al. 2010). Therefore, the study described in this paper was focused on 

uncovering local knowledge through fieldwork with local cultural informants (participants) and 

relating cultural consensus theory to examine the field data and produce a clear, consistent 

consensus-based model using cultural consensus analysis for a geologically and culturally 

important regions of Matsunoyama, Japan. 



IDRiM (2022) 12 (2)        ISSN: 2185-8322 

DOI10.5595/001c.55587 

 

 4 

1.1 Local knowledge 

Indigenous knowledge/traditional knowledge or local ecological knowledge can sometimes 

be defined as local knowledge (Traditional Knowledge, n.d.; Wannous & Velasquez 2017). 

“Traditional knowledge” can be defined as the practices, skills, and knowledge established, 

maintained, and adapted from generation to generation within a community, commonly 

forming part of its cultural or spiritual identity (Beilin & Reid 2014). On the other hand, “local 

knowledge” can be referred to as the knowledge developed by individuals in each community 

over time and continued to grow. It is developed from repeatedly tested experiences over 

centuries, adapted to the local culture and natural environment, and embedded in community 

practices, relationships, and rituals (Hilhorst 2003). Local knowledge is frequently described 

as distinct from the expert or scientific knowledge, often seen as formalized, explicit, rational, 

systematized, placeless, non-contextual, and transferable (Lejano & Stokols 2021; McEwen et 

al. 2017). Instead of recognizing the local knowledge as an essential approach to scientific 

knowledge, the two types of knowledge are often placed against each other and occasionally 

in normative practices that indicate a point of weakness on the section of local knowledge 

(Lejano & Stokols 2021). 

Moreover, local knowledge is primarily tacit and is often expressed through particular and 

created stories for better understanding, explanation, and making events in everyday life 

meaningful (Indian 2007; Leith & Vanclay 2017; Miller et al. 2004; Raymond et al. 2010; 

Romney et al. 1986). In summary, and for this article, local knowledge refers to the knowledge 

that individuals in each community have developed over time to reduce the risk embedded in 

the environment that they live, mainly because of natural disasters like landslides. 

 

1.2 Cultural consensus analysis 

Cultural consensus theory was established by Romney et al. (Paolisso 2007) for researchers 

to analyze the variation among groups and clarify what they term cultural ‘truths’ and the extent 

to which these ‘truths’ are shared in a statistically significant, able, and replicable manner. 

Cultural consensus analysis is a valuable tool for verifying intracultural difference and 

agreement patterns in specific areas or domains of knowledge (U. Dasanayaka & Matsuda 

2022; Gatewood 2012; Johnson & Griffith 2010; Tokamachi central government office 2005). 

Cultural consensus theory pursuits cultural truths not in individual responses, although the 

degree of sharing of these responses by accepting informants’ given answers is probabilistic 

rather than fundamentally true. As a result, it increases the objectivity of ethnographic results, 

even though these always continue contextually dependent. Romney et al. (Paolisso 2007) built 

a formal mathematical model known as Cultural consensus analysis to achieve this in a 

replicable approach. Its original method includes planning and administering a survey on a 

particular cultural domain and subsequent analysis of the degree of sharing of respondent 

answers. Cultural consensus analysis possesses three key ideas, including that all respondents 

contribute to a common truth and live within the same cultural life. When appropriately applied, 

cultural consensus analysis makes us decide whether a cohesive cultural domain exists, the 
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cultural experience of each respondent, and the culturally ‘correct’ answer key to the study. 

Though this practice agrees for an additional organized investigation of a culture generating 

more strong and generalizable outcomes inside the group under study, the application of 

cultural consensus analysis results in a list of knowledge and beliefs linked in some unknown 

means to form a domain of cultural knowledge (Matsunoyama Onsen Tourist Information 

Center, n.d.).  

 

2. MATERIALS AND METHODS 

 

2.1 Study area 

The study was conducted in and 

with the community of the one 

mountain village named 

Matsunoyama, located in 

Tokamachi City, in Niigata 

Prefecture (Figure 1). 

Matsunoyama was an independent 

municipality until 2005, then 

merged into Tokamachi City and 

another two towns, Kawanishi, 

Matsudai, including Nakasato 

village (CITY POPULATION 

2015; Matsunoyama Onsen 

Tourist Information Center, n.d.). 

The area is known for 

Tanada/Terrace farming, 

especially in Niigata Prefecture. 

Tanada act as the primary 

landscape attracting tourism, 

including hot bath ‘onsen’ 

(Matsunoyama Onsen Tourist 

Information Center, n.d.; Nagano 

2018). Matsunoyama experienced a 46.4% aging rate from 1975 until 2010, and the population 

decreased by more than half with 5,930 people in 1975 compared with the 2010 population 

with 2,542 people (Paris et al. 2015). Therefore, decreasing population and a high aging rate 

can be observed as one of the main challenges Matsunoyama communities face today. 

Nevertheless, the area comes under the risk zone of landslide disasters and makes the 

community more vulnerable to natural disasters, especially landslides. For example, in April 

1962, cracks appeared in Usagiguchi, and two years after that, a full extension of 3,600 meters, 

Figure 1.  Location map of the selected three Shuraku 

divisions 
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an average of 900 meters widths, and a total of around 850 hectares of land of the foot of 

Matsuyama mountain slipped and moved int northeastern direction toward Koido River. The 

slip consisted of 7 landslides surrounding Matsunoyama (Figure 2). 

 

 

Figure 2.  Matsunoyama landslide in 1964 

 

As a result, casualties were 349.9 hectares of paddy field, 371 houses, four schools, 15 public 

facilities, 98 buildings, 5.4 km of prefectural road, and 14.8 km of town road (Koster 2010). 

Matsunoyama, primarily surrounded by young mountain ranges, possesses steep slopes with 

unstable geology and a harsh climate to predict. Some areas are incredibly prone to landslides 

as a result of the meteorological, geographical, and geological conditions and socio-economic 

characteristics. Therefore, this study selected three communities residing in the Matsunoyama 

villages with a long history of landslides, located in the shūraku division. Mizunashi Settlement, 

Shimo Kawate Settlement (Combination of Matsuguchi and Mioke areas), and Fujikura 

Settlement were selected for this study based on the advice from the Officials in the Tokamachi 

city office (Figure 1). 

Mizunashi is the largest with 4.07 km2, and Shimokawate and Fujikura are 1.40 km2 and 

0.70 km2, in area respectively. Depopulation and aging is the primary challenge that these 

communities are facing. Approximately all three communities had less than 20% elders (above 

65 years) in 1975, but in 2020 the elderly population reached almost 50% in all communities 

(Table 1). Moreover, the total population is 226,222, and 128 in three divisions Mizunashi, 

Shimo Kawate, and Fujikura, respectively, in 1975. However, the numbers drastically reduced, 

and in 2020 the population reached 48, 60, and 30, respectively. Therefore, approximately four-

fifths of the total population was depleted in all divisions, with only elders existing in the 

N 

Matsunoyama Landslide 

1. Mizunashi landslide 

2. Usagiguchi landslide 

3. Sakanoshita landslide 

4. Matsunoyama landslide 

5. Hikarikan landslide 

6. Senmaida landslide 

7. Matsuguchi landslide 
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community (Table 1). The irregularity of the population and the risk of landslide disasters are 

challenging for these mountain dwellers' sustainable future. 

 

Table 1.  Key demographic characteristics of three study communities. 

 

2.2 Field Data Collection Process and Methods 

To gather data on local knowledge on landslide disasters, interviews of the key informants, 

group discussions, and household surveys were performed in all three village communities. 

The key informant interviews were done after initial community entry meetings. Based on the 

data obtained from the preliminary visit and the interviews, a household questionnaire was 

developed to understand the commonly shared set of local knowledge in landslide disaster risk 

reduction. 

 

 

Figure 3.  Preliminary field visits and meeting with relevant government officials and village leaders. 

 

The number of field visits was made in this study. A preliminary field visit was completed 

during June and July 2020. The main purpose was to get familiar with the field area and meet 

with relevant government officials and village leaders (Figure 3). The first field survey was 

completed from 25th August to 27th August 2020. During the visit, key informant interviews 

and focus group discussions were done in all three communities. Key informants in this study 

were made up of the members of traditional knowledge holders recommended by the 

Shūraku Land 

area 

(km2) 

Year - 1975  Year - 2020 

Population Age > 65 %  Population Age > 65 % 

Mizunashi 4.07 226 28 12.39%  48 25 52.08% 

Shimokawate 1.40 222 37 16.67%  60 31 51.67% 

Fujikura 0.70 128 18 14.06%  30 14 46.67% 
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government officials and the village leaders who met in the preliminary visits. As a second 

survey, A household questionnaire was developed and distributed on 6th November 2020. 

Approximately 51% of questionnaire responses were gathered on 23rd November for further 

analysis.  

 

2.2.1 Key Informant Interviews 

After initial community entry meetings in communities, key informants were selected using 

a convenience sampling approach. Key informant interviews were carried out with five 

informants, and they were 39 years of age or above and have inhabited in the communities for 

at least 20 years. Key informant interviews were completed using semi-structured 

questionnaires (Figure 4). Discussions were focused on local knowledge-based disaster 

prediction mechanisms and traditional and local disaster coping strategies. In addition, all 

interviews were recorded in the local language (Japanese) and later translated into English with 

the help of a professional translator. 

 

 

 

 

 

Figure 4.  Preliminary field visits and meeting with relevant government officials and village leaders. 

 

2.2.2 Household Questionnaire surveys 

A household questionnaires survey was designed to assess the shared knowledge on 

landslide disaster awareness and the perceived traditional and local disaster prediction and 

coping mechanisms. Mainly the question was designed based on the local knowledge 

components identified through the in-depth interviews. The questionnaires were distributed 

among all the households in all three divisions—twenty in Mizunashi, thirty in Shimokawate, 

and twelve in Fujikura. However, the research team faced difficulties returning all the 

distributed survey sheets. The main reason behind this is that the aging population. So many 

households in those communities remained with very older people; they could not fill 

questionnaire surveys. However, the research team was finally able to receive a reasonable 

amount of answer sheets with the help of government officials who work with these 

communities. Thirty-two questionnaire sheets were received from all three divisions: eight, 

sixteen, and eight, respectively. 
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In Matsunoyama region, people mainly have an agriculture-based life system. However, the 

location is a high elevation mountain region with a high level of risk for landslide disasters 

triggered by heavy rainfall and earthquakes. Therefore, the community in the mountainous 

areas with knowledge on landslide disasters were interviewed, and textual analysis was carried 

out using interview data. The NVivo 12 was used to identify nodes and categories extracted 

from the discussions. First, all recorded interview data were converted into memos before 

starting the analysis process. Next, open coding is used to read the information and identify the 

statements related to the primary categories. Then, Axial coding was used to identify the 

categories or the components of the local knowledge related to landslide disasters risk reduction. 

In addition, the second field survey, the questionnaire survey data, was initially analyzed using 

descriptive statistics to investigate awareness over different local knowledge components. And 

finally used as an input for cultural consensus analysis to identify the common and culturally 

consensus set of local knowledge over landslide disaster adaptation. 

 

3. RESULTS AND DISCUSSIONS  

 

3.1 Textual Analysis 

Initially, several components of the local knowledge on landslides were identified based on 

the in-depth interview answers by running textual analysis (Figure 5). The community defines 

the landslide using their own terms. The word “Kura” in the local terms is used for small earth 

slips, and the name “Noge” and “Nuge” are used if the size of the earth slips larger and cannot 

be corrected by one person. Large landslide called as “Oonoge”. Therefore these communities 

use different terms for landslides in their local language. 

Moreover, the community members in the village know where landslides are possible. 

According to their knowledge, usually, landslides occur in rice fields and abandoned lands. 

Their village houses are set up on stable ground, not in a place where landslides are likely to 

occur, from the wisdom of life. Therefore they received proper knowledge of landslide risk 

areas from their elders and learned by themselves by living in this landslide risk environment. 

This means they have deep knowledge about landslide risks involved in various landuses. The 

communities discovered distinct environmental phenomena for use as early indicators for the 

potential disasters in their living environment. For example, since the three communities in this 

study had the risk of landslides, they identified different early signs for landslides, such as 

cracks on the rice fields, movements of animals different from usual, etc. Therefore these 

communities have locally developed methods and knowledge regarding early signs for 

landslides. Rice farming is a part of their life and science past Matsunoyama known for 

Tanada/Terrace farming, especially in Niigata Prefecture. Most of the terrace lands were 

abandoned with the depopulation crisis. 
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Figure 5.  Summary of the local knowledge components extraction process using Text coding. 

 

The area consists of a reasonable amount of rice fields. Accordingly, Mizunashi consists of 

0.15 km2, and Shimokawate and Fujikura are 0.17 km2 and 0.06 km2. While engaged in farming 

in the landslide risk environment, they develop best practices to reduce landslide risk in 

farmlands. Developing the farmlands without changing the natural shapes of the mountain and 

“Landslide call as “Noge” , “Nuge” , Large 

scale landslide call as “Oonoge” , “Kura" 

means small earth slipping, Large scale earth 

slips call as landslides, Earth slipe call as 

landslide if the scale cannot be corrected by a 

one person.” 

Different terms for 

landslides in local 

language  

“The people in the village know where 

collapse is possible. Landslides occur and 

devastate rice fields, abandoned lands. The 

houses of this village are basically set up on 

stable ground, not on a place where landslides 

are likely to occur, from the wisdom of life.”  

Knowledge on the 

subject of landslide 

risk involved in 

various landuses 

Knowledge regarding 

early signs for 

landslides “Landslides are caused by earthquakes or 

water damage. I know there will be a landslide 

somewhere if it rains heavily. If there is a 

disaster or a earthquake, water may enter 

cracks in the ground and the ground may 

collapse. If crack occurs in the rice field, that 

is a sign that it will soon collapse. I feel that 

something will happen when the forest 

becomes quiet (when you cannot hear 

insects).”  

The good farming 

practices for landslide 

risk reduction  

“The old rice terraces had many small terraces and 

were shaped according to the terrain make low risk. 

Prepare water collection wells that used for flood 

control and irrigation.”  

“Abandoned rice terraces have an increased 
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the additional water removal wells are some of their practice methods. This makes it evident 

that these communities are well aware of the good farming practices for landslide risk 

reduction. Moreover, the community respects their own techniques for farming, but some 

individuals try to adopt new technologies to improve productivity. This makes positive insights 

for the production while some techniques increase the risk for landslides. The use of root-

killing herbicides and the reshaping of the terrace steps are the few reasons that they highlighted 

as the reasons for landslide occurrence in terrace lands. 

 

3.2 Level of awareness 

The questionnaire survey was designed based on the above key knowledge components and 

the data acquired during the field observations. The data was initially analyzed using 

descriptive statistical methods to check the level of awareness of the individuals within the 

communities (Figure 6). Approximately 80% of the participants had more than 40% awareness 

of local knowledge on landslide disasters. Five individuals have a level of awareness over 75%. 

They were in age between 50 to 75 years and resided in the area for more than 40 years. They 

all have good experiences with farming. The good experience in farming and spending a long 

period in this area made them well aware of the surrounding environment and respond to the 

stress from natural disasters like landslides. Out of five, one is female. 

 

 

Figure 6.  Level of awareness on local knowledge relate with landslides 

 

Moreover, the six individuals had awareness lower than 40%. Three of them were over 80 

years old females, making it difficult to respond to questionnaires. The other three resided in 

the area for less than 20 years and have no experience in farming. The person who was over 80 

years have a proper knowledge but could not answer correctly, meaning that 3 people from the 

sample had low awareness over local knowledge. Mainly to have adequate understanding of 
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local knowledge, need more experience living in the village. Some students who go outside the 

village for studies may have less awareness of local knowledge. Therefore, according to the 

survey results, we can conclude that these communities have properly developed local 

knowledge systems. In summary, the individuals who have more experience farming in the 

area for an extended period have more knowledge of landslide disaster risk and best practices 

to reduce the risk.  

 

3.3 Cultural consensus analysis 

To investigate the survey results and test for cultural consensus, the formal consensus model 

was utilized, and ran the tests were in UCINET 6 (Garcia et al. 2020; Lin & Chang 2020; 

Oravecz et al. 2014). As the resulting output, culture-specific answer key for the survey, 

cultural competency scores for each respondent, and a first- and second-factor eigenvalues ratio 

were formed. Respondent answers are weighted based on the respondent’s relative cultural 

competency score to produce the culture-specific answer key. It indicates that the respondents 

who agree with the majority are weighted more strongly, allowing for a more representative 

and correct answer key that cultural outsiders do not skew. However, if the ratio of first- and 

second-factor eigenvalues is greater than three, this answer key can be accepted (Harden 1996). 

The results show the consensus level over three, which means that the condition is met. 

Furthermore, all participants as a group indicated a shared cultural model: eigenvalue 

ratio=4.33 (Table 2), mean cultural competency score of the sample=0.60, SD=0.15, and no 

negative factor loadings. Therefore results can be concluded that respondents draw from a 

single, shared knowledge set. 

 

Table 2.  Summary of the Cultural consensus analysis result 

 

 

 

 

 

According to our cultural consensus analysis (eigenvalue ratio, competence scores), the 

results show that there does occur an established cultural consensus model indicating culturally 

framed local knowledge concerning landslide disasters. The cultural consensus model 

encompasses the techniques and practices used by the participants to reduce the landslide risk 

in their livelihood. Furthermore, most participants were aware of the different types of land 

uses, increasing landslide risks. For example, 61.56% and 62.44% of respondents agreed that 

Consensus level 4.33 

Largest eigenvalue 12.33 

Second largest eigenvalue 2.85 

Number of negative loading scores 0 
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the paddy fields and abandoned lands could impose higher landslide risks while residential, 

terrace, and forest lands have a low risk of sliding (93.19%,1.94%, and 82.03%). Due to the 

depopulation in the rural communities, the number of farmers decreases. Therefore, most paddy 

fields are abandoned, and unmaintained paddy fields can create high risks of landslide disaster. 

However, after the landslide incident, the community identified the risk involved and never 

used those lands for residential purposes (100%), and 77.59% agreed that they keep those land 

as abundant. Currently, disaster prediction procedures are valuable and effective with advanced 

technologies. However, in this approach, the local knowledge concerning the early signs is 

consistent and valuable for the local community. Four major early signs concerning disaster 

prediction were identified, which were applied by communities for landslides in this study. The 

majority of the participants (74.44% and 75.16%) agreed that continuous rainfall and 

earthquake are the primary triggers for landslides and can be used as early indicators because 

local inhabitants get cautions for the landslide risks as soon as they notice the heavy continuous 

rainfall incident for three or four days and the earthquake occurrences (Table 3). 

Moreover, unusual earth cracks can be easily detected by checking the recently occurred 

cracks on the ground; local inhabitants can assume the area has a high potential for landslides. 

In addition, 58.78% of respondents agreed to use newly appeared muddy water springs as early 

indicators for landslides (Table 3). As per the interview details, the community used different 

local terms for landslides like “Kura, Noge, Nuge, and Oonoge”. However, 66.22% of 

questionnaire participants were agreed that they usually used “Noge” to call landslide. The 

local term for landslide indicates that it is a part of their livelihood and culture. The community 

adopted the condition and the risk created from the living environment. Since most individuals 

engage in full-time or part-time farming, they adopt various best farming practices to avoid 

landslide risk. For example, building farmlands without changing the shape of the mountain 

while keeping the size of each terrace field small is one best practice that they have used ever 

since their ancestors (agreed 63.19%). 

Moreover, 68.22% of individuals were mentioned that the proper drainage system for the runoff 

water could reduce the landslide risk of the farmlands. Some farmers are trying to use new 

machinery in farming. For example, since the larger paddy fields are easy to work with 

machinery, the farmers try to reshape the terrace fields without considering the landslide risk 

involved. 55.91% of individuals emphasize that reshaping the paddy lands is the best practice 

by considering productivity. The depopulation and aging negatively impact the traditional way 

of farming. Lack of workers and the existing farmers get old and make them use comfortable 

methods for farming rather than considering risk factors. In addition, depopulation increases 

the number of abundant farmlands within the area. Therefore, 82.97% of the participants 

mentioned that the abundant farmlands course for the landslides occurrences in terrace fields. 

Other than the above reason, using herbicides and other chemicals can destroy all the grass, 

plants, and root systems, make the soil loosened, and create earth slides (agreed 70.09%). 
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Table 3.  Cultural consensus analysis responses regarding local knowledge on landslides 

Statement 
Consensus 

results 

The weighted 

proportion of 

respondents who agree 

with the consensus 

result (%) 

1. Knowledge on the subject of landslide risk involved in various landuses 

A. Types of land use which can increase the landslide risks 

  

A1. Residential land Disagree 93.19 

A2. Paddy fields Agree 61.56 

A3. Terrace lands Disagree 91.94 

A4. Abandoned lands Agree 62.44 

A5. Forests Disagree 82.03 

B. Best landuse type for landslide occurred land   

B1. Residential land Disagree 100 

B2. Paddy fields Agree 57.03 

B3. Terrace lands Disagree 100 

B4. Abandoned lands Agree 77.59 

B5. Landslide prevention work Agree 57.78 

2. Knowledge regarding early signs for landslides 

C. Triggers for the landslide disaster   

C1. Continuous rain Agree 74.44 

C2. Earthquake occurrence Agree 75.16 

D. Early signs for landslides   

D1. Cracks in the ground Agree 69.53 

D2. Tree tilts downwards Disagree 65.03 

D3. Sounds comes from the tree roots Disagree 53.03 

D4. Muddy water spring Agree 58.78 

D5. Movements of animals different from usual Disagree 94.34 

3. Different terms for landslides in local language 

  

E. Local term for landslides   

E1.  “Noge” Agree 66.22 

E2. “Nuge” Disagree 65.72 

4. The best farming practices for landslide risk reduction 

F. Best farming practices for landslide risk reduction   

F1. Building farmlands without changing the shape of the     

mountain, Keep the shape of each terrace field small 
Agree 63.19 

F2. Prepare the fields to be large size to make easier for 

machinery use. 
Agree 55.91 

F3. Built access water removal wells Disagree 64.12 

F4. Prepare proper drainage system Agree 68.22 

5. The reasons for landslide occurrence in terrace lands 

G. Reasons for landslide occurrence in terrace fields   

G1. Terrace abandonment Agree 82.97 

G2. Increasing the size of the terrace steps Disagree 69.59 

G3. Use of herbicides and other chemicals Agree 70.09 

0% 50% 
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3.4 The consensus of local knowledge on landslide disasters 

All three communities in this study live in a mountain village in the landslide-prone area of 

Japan. Nevertheless, they still improved their adaptation to surviving without experiencing a 

significant landslides disaster. Local knowledge created on disaster experiences must be 

individually attained and explained by individuals and the community. The community 

members should understand to lessen their contact with the threats, which would be a direct 

and efficient approach to decrease disaster hazards and minimize landslides' impact (Hiwasaki 

et al. 2014). The interview results emphasized that the people living in these mountain villages 

have proper and well-developed local knowledge over landslide disaster adaptation. The area 

is primarily agricultural livelihood, and a reasonable amount of land was used for rice farming 

from the historic period. The individuals who engage in agriculture and have lived in this 

mountain community for an extended period acquire a sufficient amount of experience. The 

experience or the exposure to the stress from the natural environment like disasters make them 

develop their methods to living without disaster risk. However, the level of awareness varied 

with the level of experience and the exposure; the individuals who lived extended periods while 

engaged in farming have a high level of awareness over local knowledge on landslides, while 

individuals who live shorter periods and who did not engage in the farming show a low level 

of awareness. On average, all the community was well aware of the basics of the exposed 

disasters and the risk involved. In that context, it is evident from the survey findings that this 

community has a consensus of the local knowledge on landslide disasters. Once consensus is 

reached, using local knowledge to address landslide disaster risk prevention might guarantee 

that the risk prevention measures achieved the community needs (MacDonald et al. 2000). All 

the community members have a consensus over different practices and believe in landslide 

disaster risk reduction. Further, they adopt unique practices and methods which prevent the 

probable landslide risks within their communities. The risk involved in different landuses, early 

indicators for landslide prediction, and best farming practices are the main critical aspects in 

which they are confident. Therefore, the consensus of the local knowledge on landslide 

disasters is the one main factor facilitating the sustainable future of these mountain 

communities. Moreover, depopulation and aging have directly affected the livelihood of these 

mountain communities. The research findings show that the one main issue is terrace 

abandonment, and the effect of terrace abandonment is the occurrence of degradation processes 

such as erosion (Galve et al. 2015; Pepe et al. 2019; Romero-Calcerrada & Perry 2004). This 

subsequently leads to an increase in landslide risks (Agnoletti et al. 2019; Matanle & Rausch 

2011). The community and some researchers found the critical condition facing these mountain 

communities; the issue remains the same and shows the condition moving to the worse in the 

future (Agnoletti et al. 2019; Pepe et al. 2019). This trend will direct a more vulnerable 

environment for livelihood with the effect of natural disasters like landslides.  

In summary, terrace abandonment and the reshaping of terrace lands happen because of the 

population depletion in these mountain communities. At present, the study three communities 

in a critical socio-economic condition with the potential risk from the living environment 

attached with landslide disasters; however, the consensus of the local knowledge on landslide 
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disaster adaptations makes the condition controlled to some extent. Nevertheless the negative 

trend subsequently leads to an increase in landslide risks and affects the sustainable future of 

these mountain communities. 

 

4. CONCLUSION 

 

Even though the mountain communities in Japan are depopulated, and in a critical condition, 

they adapted well to the landslide disaster environment with a unique collection of local and 

traditional knowledge. The study reveals the unique term for landslide “Noge” emphasizes how 

much the concept of landslide is embedded in their culture from their ancestors. Furthermore, 

the research findings indicate how the local knowledge-based practices had enhanced the 

disaster adaptation level of the community. Knowing the landslide risk involved in different 

landuses is the key to appropriate landuse planning. However the terrace abandonment and the 

new farming techniques made the farm land risk in landslides, the community well knowledged 

in best farming practices to reduce landslide risk. In addition, the community believes different 

phenomena as early indicators for landslide disasters; the continuous heavy rain and the 

earthquake as immediate indicators, the earth cracks and muddy springs as other indicators that 

can be used for landslide prediction. 

Furthermore, the consensuses of the local knowledge showed us how well those best 

practices and beliefs are shared among individuals within villages. Therefore, the all three 

communities have a consensus of local knowledge, and it is essential for achieving safer 

livelihood as a unit. However, the transfer of local knowledge is directly affected by 

depopulation in these mountain communities, which can be leads to the disappearance of 

valuable local knowledge in the future. In a summary local knowledge and consensuses are key 

strengths of these communities to adapt to landslide disasters environment. Therefore, the 

authorities should understand the value of the local knowledge for the sustainability of these 

mountain communities. Although modern scientific knowledge for disaster risk reduction is 

vital, it is essential to recognize the role of traditional and local knowledge in enhancing the 

resilience of local communities, especially in the context of depopulating mountain 

communities. The research findings initially highlighted the local knowledge in the disaster 

risk reduction process. Moreover, the findings can act as a key foundation for building a hybrid 

approach containing local knowledge and scientific knowledge to cope with the risks 

associated with landslide disasters. As a future study, this research can continue to analyze the 

impact of the identified local knowledge-based adaptation for landslide disaster risk reduction. 
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