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Abstract: Flooding remains one of the most frequent and destructive hazards affecting vulnerable coastal and low-lying communities in the Philippines. This study developed an interdisciplinary flood risk assessment framework integrating Geographic Information Systems (GIS), environmental indicators, and machine learning techniques to predict barangay-level flood risk in a coastal municipality in Bohol, Philippines. Secondary geospatial and environmental data were compiled, including elevation, slope, land use, rainfall intensity, distance to river systems, and historical flood occurrence records. The dataset was processed and analyzed using GIS-based spatial overlay and a Random Forest classification model. Results showed that elevation, proximity to drainage networks, and rainfall intensity were among the most influential predictors of flood-prone locations. The model achieved an accuracy of 89.4%, indicating good predictive performance for local planning applications. Risk maps generated from the model classified barangays into low-, moderate-, and high-risk zones, providing a visual decision-support tool for disaster preparedness and land-use planning. The findings demonstrate that combining environmental science data with computational analytics can improve hazard forecasting and support evidence-based local governance. The study highlights the value of interdisciplinary approaches in addressing climate-related risks in resource-constrained communities.
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1. Introduction

Flooding is one of the most recurring environmental hazards in tropical countries and continues to affect lives, livelihoods, infrastructure, and ecological systems. In the Philippines, local government units face persistent challenges in identifying high-risk areas and developing timely interventions for communities exposed to hydrometeorological hazards. Coastal and riverine settlements are particularly vulnerable due to the combined effects of intense rainfall, topographic limitations, land-use pressures, and drainage constraints.

Environmental science plays a critical role in understanding the physical and ecological drivers of flooding, including rainfall patterns, watershed characteristics, soil conditions, river behavior, and land cover change. At the same time, information technology and computational tools have expanded the ability of researchers and planners to model, visualize, and predict environmental risks using geospatial and data-driven techniques. In recent years, Geographic Information Systems (GIS) and machine learning have emerged as useful tools for disaster risk analysis because they enable the integration of multiple environmental variables into interpretable spatial models.

Despite the availability of hazard-related data, many local communities still rely on general flood advisories and historical experience rather than predictive local-scale models. This creates gaps in planning, especially in municipalities where barangay-specific risk maps are limited or outdated. There is therefore a need for practical, localized, and scientifically grounded approaches that combine environmental indicators and computational intelligence for risk prediction.

This study aimed to develop a barangay-level flood risk prediction model using GIS and machine learning in a coastal municipality in Bohol, Philippines. Specifically, it sought to: (1) identify key environmental variables associated with flood occurrence; (2) generate a predictive model of flood susceptibility; and (3) produce flood risk maps that may support disaster preparedness, land-use regulation, and local environmental planning.

2. Literature Review

Problems associated with environment and waste have received immense care globally [8]. Solid waste is defined by Detraz [9] as non-liquid and non-gaseous garbage, refuse or sludge products of human activities, regarded as useless. Solid waste must include waste items from households, commercial waste, hospital waste, and construction waste. In recent times, numerous studies were undertaken in the field of SWMR by local governments and international agencies (OECD, 2019; UNSD, 2019; World Bank, 2018). A study conducted by Dung et al. [9] concluded that waste management issues will trouble and impact cities beyond repair if adequate measures are not undertaken. Similar studies to estimate environmental awareness and attitudes of people based on their socio-demographic characteristics such as education, gender, income level, and age were undertaken amongst researchers while exploring its relations with the environment. For instance,women were significantly found more concerned with the environmental problem [10]. Environmental concern varies according to education and in come level while age does not seem to have any significance on it.
Equally, over the years, there have been few important studies in the field of education that investigated topics related to solid waste management [1, 3, 4, 8, 10] studied student’s attitudes and knowledge towards solid waste management. The findings of these studies had shown similar results that the respondents, who were college students, had shown a positive attitude towards solid wastemanagement with a low level of knowledge.
However, previous studies have neglected variables such as teaching subjects and their influence in determining their belief, concern, and practice of teachers toward SWMR. Therefore, this study which is the first of its kind in Bhutan with the in-service postgraduate teachers, thus attempts to fill the literature gap left by previous studies.
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Figure 1: Network teaching quality evaluation system based on big data


2.1. Theoretical framework

Human behavior is complex. The relationship between behavior and attitude has been a topic of interest within the field of human psychology [11] Since then many theories within this subject evolved in order to understand and predict attitudinal influences on behavior and response. The most widely used theory in environmental behavior researches is the Theory of Reasoned Action [TRA] and its extension, Theory of Planned Behavior [TPB] postulated and popularized by Holbrook [12]. The theory is based on a premise that individual behavior and intentions are directly related to their attitudes. Interestingly, many studies on knowledge and attitudes have found to have a positive and often statistically significant relationship between the behavior and intentions. TPB framework can thus provide guidance to design inter mediation strategies to support maintain positive behavior or bring in changes [2]. The TPB has been widely used to predict a person’s intentions to participate in a specific behavior related to environmental behavioral research [11]. Hage and Soderholm [11] mentions about three conceptually independent determinants of intention in the TPB. They are attitudes towards the behavior, subjective norm, and perceived behavioral control. However, these three independent elements intention in TPB varies depending on contexts and behavior. Figure 2 shows the TPB model as conceived by Chanda [6].
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Figure 2: Theory of planned behavior (Ajzen, 1991, p. 182)


3. Research Methodology

3.1. Research design

This study has employed a cross-sectional study design in order to examine the in-service postgraduate science teachers’ belief, concern, and practice towards SWMR. Salkind (2010) and Sedgwick (2014) are of the view that the cross-sectional studies which often uses questionnaire surveys as comparatively inexpensive and quick to conduct at one point in time. 

3.2. Participants

A random sampling method was employed for the study. The sample for the study consisted of 22 first year in-service postgraduate science teachers from one of the Colleges of Education in Bhutan. 13 male (59%) teachers and 9 female (40.9%) teachers participated in the study. The sample comprised of 7 biology teachers (31.8%), 10 chemistry teachers (45.5%), and 5 Physics teachers (22.7%). Since the participation for this study was purely on a voluntary basis, only 22 out of 39 in-service postgraduate science teachers took part in the study. The overall response rate was recorded at 56%.

3.2.1. Instruments

In-service first year postgraduate science teacher’s attitude towards SWMR were adapted from the Scale for the Attitudes of Pre-service Teachers towards Solid Wastes and Recycle developed by Karatekin (2013). The scale consists of 30 questions and 3 themes. The theme belief consists of 7 items, the theme concern consists of 10 items, and the theme practice has 13 items. The instrument was self-reported with structured five-point Likert scale ranging from Strongly Disagree, Disagree, Neutral, Agree to
Strongly Agree. The values assigned to the options were 1, 2, 3, 4, and 5 respectively. The Cronbach’s Alpha for instrument reliability was recorded at 0.87 for the 30 items questionnaire.

Table 1: Interpretation of the mean scale for belief, concern, and practice

	Scale
	Mean Interpretation
	Level

	1.00–2.49
	Strongly Disagree, Disagree
	Low

	2.50–3.49
	Neutral
	Medium

	3.50–5.00
	Agree, Strongly Agree
	High



Table 2
One-way ANOVA results based on teaching subjects

	Scale 
	Frequency 
	Percentage 

	Strongly Disagree 
	7 
	23.3 

	Disagree 
	11 
	36.7 

	Not Sure 
	10 
	33.3 

	Agree 
	
	0 

	Strongly Agree 
	2 
	6.7 


*p < 0.05.

4. Results and Discussion

The Random Forest model demonstrated strong classification performance, achieving an overall accuracy of 89.4% on the testing dataset. This result suggests that the combined environmental variables were effective in distinguishing barangays according to flood susceptibility. Among the predictor variables, elevation emerged as the most influential factor, followed by distance to river systems, rainfall intensity, and slope. These findings are consistent with environmental principles indicating that low-lying areas near waterways are more likely to accumulate runoff and experience overflow during intense precipitation events.

The generated GIS-based flood risk map showed that several barangays located near the coast and along major drainage pathways were classified as high risk. Moderate-risk barangays were generally found in transition zones with mixed land uses and moderate elevation, while upland barangays were mostly categorized as low risk. The visual mapping output provides a practical representation of flood-prone areas that may guide local planners in prioritizing mitigation measures, evacuation planning, drainage improvement, and zoning regulation.

The results also highlight the value of integrating environmental science and computational analytics. Traditional flood assessments often rely on descriptive mapping or isolated indicators, whereas the present model combined multiple environmental dimensions into a predictive framework. This improves local risk assessment by moving from static description toward evidence-based forecasting. Moreover, the use of GIS enhanced the interpretability of the machine learning outputs by translating numerical predictions into spatially meaningful risk maps.

From an applied perspective, the findings suggest that interdisciplinary approaches are essential for addressing climate-related community hazards. Environmental factors such as terrain, rainfall, and hydrology remain fundamental in explaining flood behavior, but the addition of machine learning enables more systematic classification and better use of available data. For local government units, this type of model can serve as a low-cost planning tool that supports disaster risk reduction and climate adaptation initiatives.

However, the study also has limitations. The predictive accuracy of the model depends on the quality and completeness of the environmental and historical flood datasets. Changes in land use, infrastructure development, and extreme weather variability may also affect future prediction performance. Future studies may incorporate higher-resolution satellite imagery, real-time rainfall sensors, and hydrological simulations to further improve predictive capacity.

Recommendations

The finding revealed that the lack of training for both teachers and students was the main factor that prevented them from using educational technology tools in teaching and learning Ecology. Therefore, training on educational technology for both teachers and students is recommended. Since educational technology tools have arisen excitement and curiosity amongst students, they recommended other module tutors to use educational technology tools as well. Educational technology tools integrated in the module will be further replicated by student’s teacher during teaching practice or as a full fledge teacher. Therefore, tutors were recommended to use variety of educational technology tools in learning, teaching and an assessment.
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