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Flood hazard modeling in watersheds is an important step in natural disaster risk mitigation, especially
in vulnerable areas such as Ambon City. This research focused on the Wai Batu Gantung, Wai Batu
Gajah, Wai Tomu, Wai Batu Merah, and Wai Ruhu watersheds, using JRC Global Surface Water
Mapping Layers data, NASA SRTM Digital Elevation 30 m data, and USGS Landsat 8 Level 2,

Available online 31 May 2024 Collection 2, Tier 1 data analyzed on the Google Earth Engine (GEE) platform. Prediction of built-up

land in flood-prone areas was conducted by utilizing flood history analysis, hydrological modeling,

Keywords: and flood zone mapping. The results show that flood hazard modeling provides a better understanding

of flood risk, assists in the development of safer land use planning, and increases public awareness of
Ambon flood risk in Ambon City. It is hoped that the results of this research can contribute to flood risk
Flood management and sustainable regional development in the future.

Geogle Eart Engine
Watershed

© 2024 The Author(s). Published by AIRA.
This is an open access article under the CC BY-SA license
(http://creativecommons.org/licenses/by-sa/4.0/). BY SA

Corresponding Author:

Heinrich Rakuasa

National Research Tomsk State University

Address: Lenin Ave, 36, Tomsk, Tomsk Oblast, 634050
Email: heinrich.rakuasa@yandex.ru

1. INTRODUCTION

Flood hazard modeling in river basins is an important step in natural disaster risk mitigation, especially in vulnerable areas
such as Ambon City[1], [2]. Ambon City, located on Ambon Island, Maluku, is one of the important cities in Eastern Indonesia that
often experiences floods due to natural and anthropogenic factors[3]. By using advanced technology such as Google Earth Engine,
researchers can conduct accurate and detailed modeling of flood-prone areas around major rivers in Ambon City[4].This case study
focuses on several major rivers in Ambon City, namely Wai Batu Gantung, Wai Batu Gajah, Wai Tomu, Wai Batu Merah, and Wai
Ruhu. These rivers play a vital role in the lives of local communities, but they also carry the potential for serious flooding hazards,
especially during the rainy season[5], [6]. Therefore, modeling flood hazards along these rivers is essential to assist the government
and communities in mitigating and managing disaster risks[7], [8], [9].

Google Earth Engine is a platform that enables sophisticated spatial analysis and massive processing of satellite images[10],
[11], [12]. By utilizing this technology, researchers can access high-resolution satellite imagery data from multiple sources to map
and analyze topographic conditions, land use, vegetation, and other factors that affect water flow along the rivers being studied[7],
[13], [14]. Flood hazard modeling with Google Earth Engine allows researchers to estimate potential flood vulnerabilities along
these rivers in a high level of detail. Through careful analysis, they were able to identify flood hotspots, determine water flow
patterns, and predict the potential impact of flooding on surrounding settlements and infrastructure[15], [16].

The modeling method used in this study involves processing and analyzing satellite image data using specialized algorithms
available in the Google Earth Engine[17]. The steps include image segmentation, extraction of important features, such as rivers,
and mapping of water flow patterns using a proven hydrological model. The results of this flood hazard modeling are expected to
provide a better understanding of the water flow dynamics and potential flood risks in the studied watershed. This information can
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be used by local governments in spatial planning, disaster risk management, and decision-making related to infrastructure and
settlement development[18]. In addition, the results of this modeling can also be the basis for the development of a more effective
and accurate flood early warning system. By utilizing real-time satellite imagery data and calibrated hydrological models, early
warning systems can provide early warnings to the public so that they can take preventive or evacuation measures in a timely
manner[8], [19].

However, flood hazard modeling also has several challenges and limitations. One of them is the limitation of input data,
especially in terms of satellite image resolution and topographic data accuracy[7], [20]. In addition, the hydrological models used
also need to be calibrated and validated with field data to ensure their accuracy in predicting flood risks. Nonetheless, the use of
Google Earth Engine in flood hazard modeling offers great potential in improving the understanding and mitigation of disaster risk
in Ambon City and other areas prone to flooding. By continuing to develop and improve modeling methods and increasing access
to quality satellite imagery data, it is hoped that flood risk mitigation and management efforts can become more effective and
efficient in the future[2], [13].

2. RESEARCH METHOD

This research was conducted in the watershed of Wai Batu Gantung, Wai Batu Gajah, Wai Tomu, Wai Batu Merah and
Wai Ruhu, Ambon City. This research uses JRC Global Surface Water Mapping Layers, v1.4, NASA SRTM Digital Elevation 30
m data, and USGS Landsat 8 Level 2, Collection 2, Tier 1 data analyzed on the Google Earth Engine (GEE) platform. Google Earth
Engine is a cloud computing platform developed by Google for large-scale geospatial data analysis and processing [17]. By providing
access to a wide range of satellite image datasets and powerful geospatial analysis tools, Google Earth Engine enables users to
perform modeling, mapping, and monitoring of the earth's environment with high efficiency [18]. The platform facilitates temporal
and spatial analysis, predictive model building, as well as interactive visualization of geospatial data, making it a very useful tool
for researchers, scientists, and practitioners in various fields to run complex geospatial analyses without the need to download or
process data locally. The flood analysis process in Google Earth Engine can be seen in Figure 1.
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The variables used in this study consisted of distance from the river, Normalized Difference Water Index (NDWI),
elevation, Topographic Position Index (TPI) and Normalized Difference Vegetation Index (NDVI), all of which were analyzed on
the Google Earth Engine (GEE) platform; https://earthengine.google.com. JRC Global Surface Water Mapping Layers data in
Google Earth Engine (GEE) can produce Normalized Difference Water Index (NDWI) data which is very important for flood
analysis[12], [21], [22]. NDWI is an index used to monitor and identify water surfaces, including rivers, lakes and other bodies of
water. By utilizing NDWI data from JRC, researchers and practitioners can accurately and quickly identify waterlogged areas during
flood events[23]. This information is essential for flood monitoring, mapping and risk management, enabling relevant parties to
respond quickly and effectively in emergency situations and plan appropriate mitigation measures to reduce the impact of future
floods[7], [8]. The flood analysis process in Google Earth Engine can be seen in Figure 1.

NASA SRTM Digital Elevation 30m data and USGS Landsat 8 Level 2 data are used to generate elevation and TPI
(Topographic Position Index) which are important in flood analysis. Elevation data from SRTM allows for accurate topographic
modeling, while Landsat 8 Level 2 data can be used to extract information on land texture and structure that affect surface water
flow[24]. By utilizing both, users can identify low areas susceptible to inundation during floods and determine the relative
topography of an area to its surroundings through TPI, thus providing more comprehensive insights in anticipating and managing
flood risks[20], [25]. USGS Landsat 8 Level 2, Collection 2, Tier 1 data in Google Earth Engine (GEE) provides Normalized
Difference Vegetation Index (NDVI) data that is critical for flood analysis. NDV1 is an index used to measure the amount and quality
of vegetation in an area based on the reflectance of near infrared and red light from the ground surface. Using NDVI data from
Landsat 8, researchers and practitioners can evaluate the state of vegetation before and after flooding, which provides valuable
insights into the impact of flooding on ecosystems[26], [27]. This information can be used to evaluate environmental damage, plan
habitat restoration, and identify areas that may experience soil erosion or flooding after a flood event, enabling more precise and
effective mitigation and adaptation efforts.

These variables are considered important in this study because, distance from the river is relevant as areas closer to the
river tend to be more vulnerable to flooding. NDWI provides a clear visual indication of waterlogged areas, while elevation enables
water flow modeling and identification of low areas prone to inundation. TPI provides an understanding of the relative topography
of an area, while NDWI provides information on vegetation that can affect drainage and water absorption. The use of GEE allows
for efficient processing and analysis of these data, enabling faster and more informed decision-making in flood risk mitigation and
adaptation[22], [28]. All variables were then given weights and values before being overlaid on the Google Earth Engine (GEE)
platform to produce flood-prone areas and then overlaid with data on the distribution of built-up land in the Wai Ruhu watershed to
determine settlements that are predicted to be affected by flooding in the Wai Ruhu watershed, Ambon City. The whole process of
analyzing flood-prone areas was carried out on the Google Earth Engine (GEE) Platform with a modified script based on previous
research [10], [11], [12], [29].

3. RESULTS AND DISCUSSION
3.1. Flood Hazard Level

Flood hazard level is a measure or classification used to assess how much threat or potential damage flooding can cause in
a given area. The flood hazard level usually includes several factors, including rainfall intensity, water flow velocity, topography of
the area, infrastructure condition, and other human factors. This helps governments, environmental experts, and communities to take
appropriate prevention and countermeasures to reduce flood risks and protect lives and property. Factors such as extreme rainfall,
topography, land use, drainage systems, and river conditions can affect the level of flood vulnerability of an area. The results of the
analysis of the flood hazard level of the Wai Batu Gantung, Wai Batu Gajah, Wai Tomu, Wai Batu Merah and Wai Ruhu watersheds
on the Geogle Earth Engine (GEE) platform show that the area with low hazard level is 2,662.65 ha, medium hazard is 1,739.60 ha
and high hazard is 543.79 ha.

Areas with high flood hazard levels are marked in red, medium flood hazard with medium color, low flood hazard marked
in green. The flood hazard level of Wai Batu Gantung watershed consists of low hazard of 63.21 ha, medium hazard of 142.36 ha
and high hazard of 73.25 ha. The flood hazard level of Wai Wai Ruhu watershed consists of low hazard of 278.44 ha, medium
hazard of 278.44 ha and high hazard of 87.74 ha. The flood hazard level of Wai Wai Batumerah watershed consists of low hazard
of 75.03 ha, medium hazard of 170.22 ha and high hazard of 38.20 ha. The flood hazard level of Wai Tomu watershed consists of
low hazard of 114.03 ha, medium hazard of 91.56 ha and high hazard of 80.58 ha. The flood hazard level of Wai Batu Gajah
watershed consists of low hazard of 65.39 ha, medium hazard of 61.22 ha and high hazard of 78.39 ha. Assessing the level of flood
hazard is important to assist in flood risk mitigation planning, developing early warning systems, and increasing preparedness in the
face of flood disasters. By understanding the level of flood vulnerability, relevant parties can identify vulnerable areas and take
preventive or adaptive measures to reduce the adverse impacts of flooding. The map of flood hazard levels in the watersheds of Wai
Batu Gantung, Wai Batu Gajah, Wai Tomu, Wai Batu Merah and Wai Ruhu can be seen in Figure 2.

3.2. Predicted built-up land located in flood hazard areas

Predictions of potential built-up land in flood-prone areas of the Wai Batu Gantung, Wai Batu Gajah, Wai Tomu, Wai Batu
Merah, and Wai Ruhu watersheds can be made using historical flood analysis, hydrological modeling, and flood zone mapping. By
combining historical flood data, geographical characteristics of the rivers and topography in the area, and predictions of potential
water flows in flood scenarios, experts can identify areas most vulnerable to flooding, assisting stakeholders in safer and more
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effective land use planning in the future.. Predicting flood-affected residential areas is the process of estimating areas around rivers
or other flood-prone areas that are likely to be inundated or affected during a flood. The results of the analysis of the flood
vulnerability level of the Wai Batu Gantung, Wai Batu Gajah, Wai Tomu, Wai Batu Merah, and Wai Ruhu watersheds on the Geogle
Earth Engine (GEE) platform are then overlaid with built-up land data extracted from Normalized Difference Vegetation Index
(NDVI) data which shows that residential areas are in flood-prone areas. The spatial map of flood-affected settlements can be seen
in Figure 3
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The analysis results show that settlements predicted to be in high flood hazard areas are 543.79 ha, settlements predicted to
be in moderate hazard areas are 1,739.60 ha and settlements predicted to be in low flood hazard areas are 2,662.65 ha. Settlements
predicted to be affected by flood hazards in the Wai Wai Ruhu watershed consist of low hazard of 1048.45 ha, medium hazard of
725.23 ha and high hazard of 165.34 ha. Settlements predicted to be affected by flood hazards in the Wai Batu Gantung watershed
consist of low hazard of 538.98 ha, medium hazard of 425.25 ha and high hazard of 125.63 ha. Settlements predicted to be affected
by flood hazards in the Wai Tomu watershed consist of low hazard of 406.70 ha, medium hazard of 126.13 ha and high hazard of
87.79 ha. Settlements predicted to be affected by flood hazards in the Wai Batu Gajah watershed consist of a low hazard of 326.26
ha, a medium hazard of 205.74 ha and a high hazard of 109.52 ha. Settlements predicted to be affected by flood hazards in the Wai
Batumerah watershed consist of a low hazard of 342.26 ha, a medium hazard of 257.25 ha and a high hazard of 55.52 ha.

The flood hazard modeling study in the Ambon watershed, particularly in the case of Wai Batu Gantung, Wai Batu Gajah,
Wai Tomu, Wai Batu Merah, and Wai Ruhu, provided several significant benefits: (1) Better Understanding of Flood Risk: The
study helps in understanding the potential flood risk in the area by analyzing the pattern and intensity of flooding that has occurred
and predicting the potential for future flooding. This enables the government and stakeholders to take appropriate mitigation
measures. (2) Development of Better Land Use Planning: By understanding the zones most vulnerable to flooding, the modeling
can assist in the development of safer and more sustainable land-use planning. This includes restrictions on development in high-
risk areas as well as the promotion of better drainage infrastructure. (3) Preparation for Climate Change: By considering climate
change in the modeling, the study helps in preparing for the impacts of floods that may become more frequent or intense in the future
due to changes in extreme weather. (4) Public Awareness Raising: Information from this study can be used to raise public awareness
about flood risks in the area. This can help people to take personal measures in preparation for flooding, such as the development of
evacuation plans and investment in self-protection infrastructure. Thus, the flood modeling study in the Ambon watershed provides
a solid foundation for better decision-making in flood risk management, environmental protection, and sustainable regional
development.

4. CONCLUSION

It can be concluded that flood hazard modeling provides significant benefits in understanding flood risks, developing safer
land use planning, preparing for climate change, and raising public awareness. By analyzing existing flood patterns and predicting
potential future floods, this research provides a solid basis for appropriate mitigation measures, sustainable infrastructure
development, and improved flood preparedness. It is hoped that the results of this research can make a positive contribution to flood
risk management, environmental protection and sustainable regional development in the future.
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