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ABSTRACT
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, 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, 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 flood risk in
Ambon City. It is hoped that the results of this research can contribute to flood risk management and
sustainable regional development in the future.
Keywords: Ambon, Flood, Geogle Eart Engine, Watershed

INTRODUCTION

Flood hazard modeling in river basins is an important step in natural disaster risk
mitigation, especially in vulnerable areas such as Ambon City (Rakuasa et al., 2022;
Muin & Rakuasa 2023). 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 (Rakuasa et al., 2022). 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 (Sugandhi & Rakuasa 2023; Manakane
et al.,, 2023). 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 (Rakuasa et al., 2022).
Therefore, modeling flood hazards along these rivers is essential to assist the
government and communities in mitigating and managing disaster risks (Rakuasa &
Latue 2023; Latue etal., 2023)

Google Earth Engine is a platform that enables sophisticated spatial analysis and
massive processing of satellite images (Letedara et al., 2023). 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 (Cui et al. 2023). 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
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the potential impact of flooding on surrounding settlements and infrastructure.

The modeling method used in this study involves processing and analyzing
satellite image data using specialized algorithms available in the Google Earth Engine.
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
be used by local governments in spatial planning, disaster risk management, and
decision-making related to infrastructure and settlement development (Gustavo and
Rakuasa 2023; Septory etal., 2023). 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 (Rakuasa et al., 2023).

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 (Halder and Bose 2024). In addition, the hydrological
models used also need to be calibrated and validated with field data to ensure their
accuracy in predicting flood risks (Zhao et al. 2021). 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 (Papaioannou et al. 2016). 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.

RESEARCH METHODS

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 (Hamidi et al. 2023).
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 (Mai Sy et al. 2023). 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 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 [19]. NDWI is an index used to monitor and identify water surfaces, including
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rivers, lakes and other bodies of water [20]. By utilizing NDWI data from ]RC,
researchers and practitioners can accurately and quickly identify waterlogged areas
during flood events. 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 (Baig et al. 2013)

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 (Kelleher and McPhillips 2020). 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
(Sivanpillai et al. 2021).
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Figure 1. Workflow

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. NDVI 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 (Soltani et al. 2021). 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 effort (Soltani et al. 2021). The flood analysis process in
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Google Earth Engine can be seen in Figure 1.

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 (Aires et al.
2020). TPI provides an understanding of the relative topography of an area, while NDVI
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. 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 (Aires et al.
2020).

RESULTS AND DISCUSSION
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. 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.

Figure 2. Flood Hazard Map
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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.

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 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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Figure 3.. Map of Flood Affectéd Settléments
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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
(Muin & Rakuasa 2023). This enables the government and stakeholders to take
appropriate mitigation measures (Muin & Rakuasa 2023; Rakuasa & Rinaldi 2023).
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 (Muin et al., 2023). This includes restrictions on development in
high-risk areas as well as the promotion of better drainage infrastructure (Sugandhi et
al, 2023). 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 (Wulandari et al.,
2023; Latue & Rakuasa 2032). Public Awareness Raising: Information from this study
can be used to raise public awareness about flood risks in the area (Rakuasa and
Mehdila 2023). 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 (Rakuasa and Mehdila 2023). 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.

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.

Hal 47



(JDAICS)
Volume 1, No 2 - April 2024
e-ISSN: 3032-4696

Journal of Data Analytics, Information, and Computer Science m’\.—/

REFERENCES

Aires, Uilson Ricardo Venancio et al. 2020. ‘The Use of the Normalized Difference
Vegetation Index to Analyze the Influence of Vegetation Cover Changes on the
Streamflow in the Manhuacu River Basin, Brazil’. Water Resources Management
34(6): 1933-49. https://link.springer.com/10.1007/s11269-020-02536-1.

Baig, Muhammad Hasan Ali et al. 2013. ‘COmparison of MNDWI and DFI for Water
Mapping in Flooding Season’. In 2013 IEEE International Geoscience and Remote
Sensing Symposium - IGARSS, IEEE, 2876-79.
http://ieeexplore.ieee.org/document/6723425/.

Cui, Jiaqi et al. 2023. ‘Extraction of Information on the Flooding Extent of Agricultural
Land in Henan Province Based on Multi-Source Remote Sensing Images and
Google Earth Engine’. Agronomy 13(2): 355. https://www.mdpi.com/2073-
4395/13/2/355.

Gustavo, Geoffrey John Pascal, and Heinrich Rakuasa. 2023. ‘Disaster Education and the
Role of Geographers: A Step Toward a Disaster Resilient Ambon City: A Review’.
Journal of Education Method and Learning Strategy 1(03): 183-92.
https://risetpress.com/index.php/jemls/article/view/238.

Halder, Subhra, and Suddhasil Bose. 2024. ‘Sustainable Flood Hazard Mapping with
GLOF: A Google Earth Engine Approach’. Natural Hazards Research.
https://linkinghub.elsevier.com/retrieve/pii/S2666592124000027.

Hamidi, Ebrahim et al. 2023. ‘Fast Flood Extent Monitoring With SAR Change Detection
Using Google Earth Engine’. IEEE Transactions on Geoscience and Remote Sensing
61: 1-19. https://ieeexplore.ieee.org/document/10026287/.

Heinrich Rakuasa, Daniel A Sihasale , Marhelin C Mehdila, Anelia P Wlary. 2022.
‘Analisis Spasial Tingkat Kerawanan Banjir Di Kecamatan Teluk Ambon Baguala,
Kota Ambon’. Jurnal Geosains dan Remote Sensing (JGRS) 3(2): 60-69.

Kelleher, Christa, and Lauren McPhillips. 2020. ‘Exploring the Application of
Topographic Indices in Urban Areas as Indicators of Pluvial Flooding Locations’.
Hydrological Processes 34(3): 780-94.
https://onlinelibrary.wiley.com/doi/10.1002 /hyp.13628.

Latue, P. C, & Rakuasa, H. 2032. ‘Identification of Flood-Prone Areas Using the
Topographic Wetness Index Method in Fena Leisela District, Buru Regency’.
Journal Basic Science and Technology 12(2).

Latue, P. C., Imanuel Septory, J. S., Somae, G., & Rakuasa, H. 2023. ‘Pemodelan Daerah
Rawan Banjir Di Kecamatan Sirimau Menggunakan Metode Multi-Criteria Analysis
(MCA)'’. Jurnal Perencanaan Wilayah Dan Kota 18(1): 10-17.

Letedara, R., Manakane, S. E., Latue, P. C., & Rakuasa, H. 2023. ‘Analisis Spasio-Temporal
Perubahan Suhu Permukaan Daratan Pulau Letti Tahun 2013 Dan 2023
Menggunakan Data Citra Ladsat 8 OLI/TIRS Pada Geogle Earth Engine’. Larisa
Penelitian Multidisiplin 1(1): 36-42.

Mai Sy, Hung et al. 2023. ‘Urban Flood Risk Assessment Using Sentinel-1 on the Google
Earth Engine: A Case Study in Thai Nguyen City, Viethnam’. Remote Sensing
Applications: Society and Environment 31: 100987.
https://linkinghub.elsevier.com/retrieve/pii/S2352938523000691.

Manakane, S. E., Latue, P. C., Somae, G., & Rakuasa, H. 2023. ‘Flood Risk Modeling in
Buru Island, Maluku Province, Indonesia Using Google Earth Engine: Pemodelan
Risiko Banjir Di Pulau Buru, Provinsi Maluku, Indonesia Dengan Menggunakan

Hal 48



(JDAICS)
Volume 1, No 2 - April 2024
e-ISSN: 3032-4696

Journal of Data Analytics, Information, and Computer Science m’\,/

Mesin Google Earth’. MULTIPLE: Journal of Global and Multidisciplinary 1(2): 80-
87.

Muin, A., & Rakuasa, H. 2023a. ‘Evaluasi Rencana Tata Ruang Wilayah Kota Ambon
Berdasarkan Aspek Kerawanan Banjir’. ULIL ALBAB : Jurnal IImiah Multidisiplin
2(5):1727-1738.

———. 2023b. ‘Pemetaan Daerah Rawan Banjir Di Desa Lokki Kecamatan Huamual
Kabupaten Seram Bagian Barat.’ Gudang Jurnal Multidisiplin [Imu 1(2): 47-52.
Muin, A., & Rakuasa, H. 2023c. ‘Pemanfaat Geographic Artificial Intelligence (Geo-Al)
Untuk Identifikasi Daerah Rawan Banjir Di Kota Ambon’. Gudang Jurnal

Multidisiplin Ilmu 1(2): 58-63.

Muin, A, Somae, G., & Rakuasa, H. 2023. ‘Analisis Potensi Genangan Banjir Di
Kecamatan Siwalalat, Kabupaten Seram Bangian Timur Berdasarkan Topographic
Wetness Index’. ULIL ALBAB: Jurnal Ilmiah Multidisiplin 2(5): 1800-1806.

Papaioannou, G., A. Loukas, L. Vasiliades, and G. T. Aronica. 2016. ‘Flood Inundation
Mapping Sensitivity to Riverine Spatial Resolution and Modelling Approach’.
Natural Hazards 83(S1): 117-32. http://link.springer.com/10.1007/s11069-016-
2382-1.

Rakuasa, H., & Rinaldi, M. 2023. ‘Pemetaan Daerah Potensi Genangan Banjir Di
Kecamatan Gunugputri, Kabupaten Bogor Menggunakan Data DEMNAS Dengan
Metode Topographic Wetness Index’. ULIL ALBAB: Jurnal IImiah Multidisiplin 2(6):
2269-2280.

Rakuasa, H., Helwend, J. K., & Sihasale, D. A. 2022. ‘Pemetaan Daerah Rawan Banjir Di
Kota Ambon Menggunakan Sistim Informasi Geografis'. Jurnal Geografi: Media
Informasi Pengembangan dan Profesi Kegeografian 19(2): 73-82.

Rakuasa, H., Somae, G., & Latue, P. C. 2023. ‘Pemetaan Daerah Rawan Banjir Di Desa
Batumerah Kecamatan Sirimau Kota Ambon Menggunakan Sistim Informasi
Geografis’. ULIL ALBAB: Jurnal I[Imiah Multidisiplin 2(4): 1642-53.

Rakuasa, Heinrich, and Philia Christi Latue. 2023. ‘ANALISIS SPASIAL DAERAH RAWAN
BAN]JIR DI DAS WAE HERU, KOTA AMBON’. Jurnal Tanah dan Sumberdaya Lahan
10(1): 75-82. https://jtsl.ub.ac.id/index.php/jtsl/article /view/845.

Rakuasa, Heinrich, and Marhelin Ch Mehdila. 2023. ‘Penerapan Pendidikan Mitigasi
Bencana Gempa Bumi Untuk Siswa Dan Guru Di SD Negeri 1 Poka, Kota Ambon,
Provinsi Maluku’. jJurnal Pengabdian Masyarakat Indonesia 3(3): 441-46.
https://jpmi.journals.id/index.php/jpmi/article /view/1138.

Rakuasa, Heinrich, Daniel Anthoni Sihasale, and Philia Christi Latue. 2022. ‘Model
Tutupan Lahan Di Daerah Aliran Sungai Kota Ambon Tahun 2031: Studi Kasus
DAS Wai Batu Gantung, Wai Batu Gajah, Wai Tomu, Wai Batu Merah Dan Wai
Ruhu’.  Jurnal @ Tanah  dan  Sumberdaya  Lahan 9(2): 473-86.
https://jtsl.ub.ac.id/index.php/jtsl/article /view/822.

Septory, Juan Steiven Imanuel, Philia Chisti Latue, and Heinrich Rakuasa. 2023. ‘Model
Dinamika Spasial Perubahan Tutupan Lahan Dan Daya Dukung Lahan
Permukiman Kota Ambon Tahun 2031’. GEOGRAPHIA : Jurnal Pendidikan dan
Penelitian Geografi 4(1): 51-62.
https://ejurnal.unima.ac.id/index.php/geographia/article/view/5801.

Sivanpillai, Ramesh, Kevin M. Jacobs, Chloe M. Mattilio, and Ela V. Piskorski. 2021.
‘Rapid Flood Inundation Mapping by Differencing Water Indices from Pre- and
Post-Flood Landsat Images’. Frontiers of Earth Science 15(1): 1-11.

Hal 49



(JDAICS)
Volume 1, No 2 - April 2024
e-ISSN : 3032-4696

Journal of Data Analytics, Information, and Computer Science m’\.—/

https://link.springer.com/10.1007/s11707-020-0818-0.

Soltani, Keyvan et al. 2021. ‘Mapping the Spatial and Temporal Variability of Flood
Susceptibility Using Remotely Sensed Normalized Difference Vegetation Index
and the Forecasted Changes in the Future’. Science of The Total Environment 770:
145288. https://linkinghub.elsevier.com/retrieve/pii/S0048969721003545.

Sugandhi, N., & Rakuasa, H. 2023. ‘Utilization of Geogle Earth Engine for Flood Hazard
Analysis in DKI Jakarta Province’. Jurnal Riset Multidisiplin dan Inovasi Teknologi
1(2): 40-49.

Sugandhi, N. Rakuasa, H., Zainudin, Z., Abdul Wahab, W., Kamiludin, K., Jaelani, A.,
Ramdhani, R., & Rinaldi, M. 2023. ‘Pemodelan Spasial Limpasan Genangan Banjir
Dari DAS Ciliwung Di Kel. Kebon Baru Dan Kel. Bidara Cina DKI Jakarta’. ULIL
ALBAB : Jurnal lImiah Multidisiplin 2(5): 1685-1692.

Wulandari, Agustia Ayu, Anesia Clorita Pertuak, and Heinrich Rakuasa. 2023. ‘Climate
Change and Its Impact on Human Health: A Medical Geography Perspective’.
Journal of Health Science and Medical Therapy 1(02): 80-90.
https://risetpress.com/index.php/jhsmt/article /view/279.

Zhao, Qiang et al. 2021. ‘Progress and Trends in the Application of Google Earth and
Google Earth Engine’. Remote Sensing 13(18): 3778.
https://www.mdpi.com/2072-4292/13/18/3778.

Hal 50



