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INTRODUCTION

Floods are one of the natural disasters that have serious impacts on communities
and the environment around the world (BNPB, 2021). Among the various threats of natural
disasters that often occur in Indonesia, floods have emerged as a serious problem that can
disrupt community welfare, damage infrastructure, and endanger the environment
(Lianxiao & Morimoto, 2019) (Ku, 2021). Maluku Province, with Buru Island as one of its
islands, is not immune to the increasing risk of flooding (Latue, P. C., & Rakuasa, 2032).
Floods often cause huge economic losses and threaten human safety (Tzioutzios & Kastridis,
2020)(Muin, A., & Rakuasa, 2023b). In recent decades, the frequency and impact of floods
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on Buru Island have shown a significant increase (Gibson & Shelley, 2020). Factors such as
global climate change, high rainfall intensity, rapid land use change and uncontrolled
urbanization growth have exacerbated the flood risk situation (Rokaya et al., 2022) (Muin,
A., & Rakuasa, 2023c) (Hehanussa, F. S, Sumunar, D. R. S., & Rakuasa, 2023).

According to (Latue, 2023), Buru Island's unique geography and environmental
conditions make it vulnerable to the impacts of natural disasters, particularly flooding. The
varied topography and complex hydrological characteristics contribute to flood risk in
different areas of the island (Muin, A., & Rakuasa, 2023a). Factors such as rainfall intensity,
river flow volume, and high sea levels can potentially cause flooding in the region (Hossain
& Meng, 2020). In the face of these challenges, flood risk modeling is essential to identify
flood-prone areas, anticipate possible impacts and formulate effective mitigation strategies.
One approach that can help address flood risk is hydrological modeling (DeVries et al,,
2020). By utilizing artificial intelligence (AI) technology in the geospatial field, especially
Google Earth Engine (GEE), flood risk modeling can be done more accurately and efficiently
(Li & Demir, 2023).

Google Earth Engine is a platform that enables geospatial data analysis at scale
(Onisimo Muntaga, 2019). With access to satellite imagery and other geospatial data, the
platform enables researchers, environmentalists and governments to analyze
environmental changes and respond to disaster threats, including floods (Hamidi et al.,
2023). Google Earth Engine's strength lies in its ability to integrate data from multiple
sources and perform complex spatial analysis quickly (Cui et al., 2023). Analyzing flooding
on Buru Island with Google Earth Engine provides important information in designing
effective mitigation and adaptation strategies. With a better understanding of flood
patterns, flood scenarios, and flood-prone areas, mitigation policies and programs can be
designed in a more targeted manner (Sugandhi, N., Rakuasa, H., Zainudin, Z., Abdul Wahab,
W., Kamiludin, K., Jaelani, A., Ramdhani, R., & Rinaldi, 2023). In addition, the resulting flood
risk maps can also be used as a communication tool to communities, helping them
understand the threats and take appropriate actions (Heinrich Rakuasa , Glendy Somae,
2023).

Through this modeling, it is hoped that a better understanding of flood patterns,
possible expansion of flood areas, and their impacts on communities and the environment
will be created (Sugandhi, N., Rakuasa, H., Zainudin, Z., Abdul Wahab, W., Kamiludin, K,
Jaelani, A, Ramdhani, R.,, & Rinaldi, 2023). This research not only provides important
information for policy makers and researchers, but also empowers local communities to
contribute to flood risk reduction through increased preparedness and participation in
disaster mitigation programs. Based on the above background, this research aims to
determine flood-prone areas in Buru Island, Maluku Province, Indonesia using Google Earth
Engine.

LITERATURE REVIEW
1. Flood Risk

Flood riskis a situation where the threat of flooding in an area can have a detrimental
impact on people, the environment, and infrastructure (Chuang et al., 2020). Flooding is a
natural phenomenon that occurs when water overflows from a river channel, lake, or sea,
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exceeding its normal limits and submerging the surrounding area (Ballerine, 2017)
(Heinrich Rakuasa, Daniel A Sihasale , Marhelin C Mehdila, 2022). Flood threats are often
caused by natural factors such as heavy rainfall, high tides, or overflowing rivers due to
heavy rainfall upstream (Rakuasa, H., Helwend, J. K., & Sihasale, 2022). Flood risk involves
complex elements, including physical, social, economic and environmental aspects (Riadi et
al, 2018). Flood impacts can include physical damage to buildings, infrastructure and
agricultural crops (Latue, P. C., Imanuel Septory, J. S., Somae, G., & Rakuasa, 2023). In
addition, flood risk can also threaten the safety of people and animals, and potentially result
in loss of life. Flood risk is not a threat that can be ignored. With a deeper understanding of
the triggering factors and effective mitigation measures, communities and governments can
work together to maintain safety and resilience against flood threats (Mudashiru et al,,
2021) (Muin, A., Somae, G., & Rakuasa, 2023)

2. Google Earth Engine

Google Earth Engine is an innovative platform developed by Google for conducting
large-scale geospatial and remote sensing analysis (Gorelick et al., 2017). It combines cloud
computing capabilities with access to multiple sources of satellite imagery and geospatial
information, allowing users to run complex analyses without the need for expensive
hardware and software (Ermida et al., 2020). By utilizing Google Earth Engine for flood risk
analysis, environmental experts, governments and communities can have a better
understanding of flood threats and develop more targeted mitigation measures (Onisimo
Muntaga, 2019). In an era of climate change and environmental complexity, utilizing this
technology is key in building resilience to flood risks

METHOD

This research was conducted in Buru Island, Maluku Province, Indonesia. The
research used JRC Global Surface Water Mapping Layers data, v1.4, NASA SRTM Digital
Elevation 30m data, USGS Landsat 8 Level 2, Collection 2, Tier 1 data and research location
boundary data. This research uses variables Permanent water, Distance from water,
Elevation data, NDVI and NDWI. Processing and analysis of research data is fully carried out
in the Google Earth Engine (https://earthengine.google.com/) using a modified script from
previous researchers (Figure 1). The results of the analysis of flood-prone areas on Buru
I[sland were then classified into three classes, namely low, medium and high class.
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Figure 1. Display of the Flood Risk Management Process in C‘().dgle Earth Engine
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RESULTS AND DISCUSSION

Flood risk areas are areas that have a high potential to experience flooding due to
heavy rainfall, high tides, overflowing rivers, or other factors that can cause water
immersion. These areas tend to have higher levels of vulnerability to flood threats, which
can impact infrastructure, the environment and human safety. It is important to accurately
identify and map flood risk areas as a first step in flood risk planning and mitigation. Flood
risk maps usually include several factors, such as topography, land use, rainfall and water
flow patterns. Through geospatial data analysis and hydrological modeling, areas prone to
flooding can be identified and ranked based on their level of risk. Information on flood risk
areas is essential for governments, policymakers and communities to plan spatial plans,
develop flood-resilient infrastructure, design early warning systems and take other
mitigation measures. By understanding and managing flood risk areas, efforts to reduce
flood impacts and protect communities and the environment can be more effective.

The results showed that the area prone to flooding in the low risk class is 195,501.88
ha or 23.18%, the area in the moderate risk class is 496,182.06 ha or 58.84% and the area
at high risk of flooding is 151,599.17 ha or 17.98%. Flood risk on Buru Island is then
classified based on district administrative boundaries where in the low flood risk class Buru
Regency has an area of 119,130.45 ha and South Buru Regency has an area of 86,414.56 ha,
in the medium flood risk class Buru Regency has an area of 286,498.61 ha and South Buru
Regency has an area of 209,683.45 ha and in the high flood risk class Buru Regency has an
area of 86,437.49 ha and South Buru Regency has an area of 65,161.68 ha. Details of flood
risk on Buru Island can be seen in Figure 2.
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Figure 2 Buru Island Flood Risk
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Based on Figure 2, it can be seen that the risk of flooding in the low class is in areas
that have topography, hills and mountains and have a high vegetation density index (NDVI)
and are far from water bodies, while the risk of flooding in the high and medium classes is
in areas with flat and sloping topography, close to water bodies including rivers, and have
a low vegetation index or have land cover consisting of open land, shrubs, grasslands and
settlements and also high rainfall.

Flood risk analysis on Buru Island brings a range of benefits that are essential for
flood hazard management and impact reduction. Firstly, the analysis enables accurate
identification of flood-prone areas. This allows the government and stakeholders to focus
on locations that require special attention in disaster management efforts. Secondly, flood
risk analysis enables a deeper understanding of the factors that cause flooding such as land
use, topography, river flow patterns, and rainfall. This information forms the basis for
designing effective mitigation strategies.

Thirdly, with inundation and impact modelling, flood risk analysis provides a real
picture of how flooding will affect the affected areas. With a better understanding of the
depth of water, the extent of submerged areas, and the potential impacts on infrastructure
and communities, mitigation measures can be more accurately designed. Fourth, the results
of the analyses form the basis for developing more targeted mitigation plans. Flood-
resistant infrastructure, improved drainage systems, land use management and early
warning systems can be designed and implemented more efficiently. Fifth, flood risk
analysis helps in more effective resource allocation, especially by focusing on high-risk
areas. This allows for faster response and proper prioritisation.

Sixth, communities can be empowered through the flood risk information they
receive. A higher awareness of risk allows them to take proactive measures in the face of
flood threats. Seventh, the results of the analysis can be integrated in more sustainable
development planning. This helps avoid development in areas that are highly vulnerable to
flooding. Eighth, flood risk analysis creates a database that is essential for better decision-
making. Decisions based on accurate data and information will be more effective in dealing
with flood threats.

By implementing a flood risk analysis on Buru Island, the government and
stakeholders can better plan mitigation measures, keep people and the environment safe,
and build a more resilient region against flood threats.

CONCLUSION

Flood risk modeling in Buru Island, Maluku Province, Indonesia using Google Earth
Engine has had a significant impact on efforts to understand and deal with flood threats in
the region. The results show that the area prone to flooding in the low class is 195,501.88
ha or 23.18%, the area in the medium risk class is 496,182.06 ha or 58.84% and the area at
high risk of flooding is 151,599.17 ha or 17.98%. Flood risk on Buru Island is then classified
based on district administrative boundaries where in the low flood risk class Buru Regency
has an area of 119,130.45 ha and South Buru Regency has an area of 86,414.56 ha, in the
medium flood risk class Buru Regency has an area of 286,498.61 ha and South Buru Regency
has an area of 209,683.45 ha and in the high flood risk class Buru Regency has an area of
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86,437.49 ha and South Buru Regency has an area of 65,161.68 ha. The use of this
technology provides a better understanding of flood-prone areas, enables the development
of more targeted mitigation strategies, and provides a solid basis for data-driven decision-
making with more accurate and efficient analysis, better equipping governments and
stakeholders going forward
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