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Abstract — This study evaluates the role of flood early warning systems in supporting national stability and enhancing national defense
through the use of weather radar and Geographic Information Systems (GIS) technology. The study focuses on the DKI Jakarta area
which has a high risk of flooding. Rainfall data, weather radar, and spatial analysis are used to identify potential flooding and support
rapid and accurate decision making. The results of the study indicate that the implementation of technology-based early warning
systems significantly increases the effectiveness of disaster mitigation and minimizes its impact on communities and national vital
infrastructure. This study emphasizes the importance of integrating advanced technology into disaster risk management strategies to
strengthen national resilience.

Keywords — Flood Early Warning, Weather Radar, Geographic Information System, National Defense.

1. Introduction

Climate change is predicted to increase the frequency and intensity of flooding in the future, which must be considered in the
planning of flood embankments, infrastructure, and housing development (Kay et al., 2021). Floods often occur in areas with rapid
development, fast flow characteristics, and high debris content (Buslima et al., 2018). The impact of flooding not only directly
harms the community, but also has the potential to threaten national stability if not managed properly.

Flood management has been globally recognized as an effective effort to reduce its adverse impacts. Various studies have
encouraged a more resilient and sustainable approach to flood management (Wang et al., 2022). Analysis of flood potential,
hazard, vulnerability, and risk is carried out at various administrative levels, including at the city and catchment levels (Vojtek et
al., 2022). In Indonesia, research related to floods is still limited compared to developed countries, even though its impact is very
significant for economic stability, security, and social welfare.

Jakarta, as the center of government and economy, faces complex flood risks due to climate change and urbanization. This area has
national vital objects such as the State Palace, the DPR/MPR Building, Tanjung Priok Port, and Soekarno-Hatta International
Airport, making it a strategic area with high priority in disaster risk management. The geographical conditions of Jakarta, which
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are mostly lowlands with inadequate drainage systems, further increase its vulnerability to flooding (Alawiyah & Harintaka,
2021).

. PETA ADMINISTRAS| PROVINS| DRI JAHARTA k ‘

Figure 1. Administrative Map of DKI Jakarta Province
(Source: Thematic Map of Indonesia, 2015)

The major floods that occurred in early 2020 demonstrated the serious impacts of the combination of high rainfall, poor drainage
management, and land-use changes. These events resulted in significant economic losses, social disruption, and reduced public
confidence in the government's ability to manage disaster risks. Therefore, a technology- based scientific approach, such as
weather radar and Geographic Information Systems (GIS), is very relevant in supporting flood mitigation efforts and increasing
national resilience.

Figure 2. Jakarta Flood Event in 2020

(Source: Kompas, 2020)
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This study aims to evaluate the role of weather radar technology and GIS in flood risk management, especially in strategic areas
such as DKI Jakarta. By utilizing spatial analysis, GIS can help identify flood-prone areas and formulate more effective
mitigation strategies. This study is expected to provide significant contributions in strengthening national resilience through better
disaster management.

Integration of modern technologies such as weather radar and GIS is not only relevant in the context of flood risk mitigation, but
also in maintaining national stability. Technology-based early warning systems enable rapid and targeted responses, minimizing
impacts on communities and vital infrastructure. Thus, this study supports the development of more adaptive and data-driven flood

risk management policies and strategies to address future challenges.

This study uses a descriptive quantitative method with a spatial analysis approach. This approach integrates Geographic
Information System (GIS) technology and weather radar to develop a flood early warning system in the DKI Jakarta area.

The first step of this research is the collection of geographic data, including information on rainfall and topographic maps.
Rainfall data was obtained through observations using AWS/ARG from 2021 to 2023, as well as weather radar in 2023. Weather
radar data was processed using Rainbow DART software, while rainfall data was processed using ArcGIS software to overlay
geographic data. The results of the analysis are in the form of maps depicting the level of flood risk in various areas of DKI
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Figure 3. Research Design

The research design consists of three main stages, namely:

Data collection: Includes weather radar data, rainfall, administrative areas, and flood events.

a.
b. Data processing: Radar data was processed using Rainbow DART, while rainfall data was processed using ArcGIS
to produce spatial maps.
c. Data analysis: Statistical and geospatial analysis was conducted to map flood-prone areas.
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The research was conducted in the DKI Jakarta area, which includes five administrative cities and one administrative district,
namely Central, North, West, South, East Jakarta, and the Thousand Islands. The focus of the research was locations with high
rainfall intensity and significant flood vulnerability levels. The results of the research are in the form of a flood risk map integrated
into the flood early warning system for DKI Jakarta.

2. Data collection technique
In this study, data collection techniques for the research being studied include:
a. Observation

Rainfall observations using AWS in DKI Jakarta for the period 2021-2023 and weather radar for 2023. Weather radar data comes
from Tangerang radar with a coverage radius of 250 km, covering the DKI Jakarta area.

b. Documentation

The documentation includes news of flood events from 2019-2023, collected from official sources such as BPBD DKI Jakarta.
21 Data Processing Techniques

a. Weather Radar Data Processing

Radar data processing using Rainbow DART to produce SRI (Rainfall Intensity) radar products. The data is visualized in the form
of a map with a color scale of rain intensity.

b. Rainfall Data Processing

Rainfall data from AWS is processed using ArcGIS with the IDW interpolation method to produce a spatial distribution map of
rainfall. This process includes:

. Convert daily rainfall data to annual format
. Input XY data into ArcGIS

. Data interpolation and classification process
2.2 Data Analysis Techniques

Rainfall data analysis was conducted using a descriptive approach using interpolated maps to understand the spatial distribution of
rainfall. This process helps determine areas with high flood risk.

While radar data analysis is done based on radar reflectivity (dBZ). Rain intensity is categorized in the following scale:

Tabel 1. Rain Intensity Category (Source: BMKG)
Rain Intensity Category dBZ Value mm/hour
Light rain 25to 35 1to5
Moderate rain 35t0 45 5to 10
heavy rain 45 to 55 10 to 20
Very heavy rain (very heavy rain) >55 >20
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3. Rainfall Data Collection Analysis Results

From the rainfall distribution map collected from January to December 2021- 2023, several general patterns related to rainfall
distribution in the Jakarta area can be observed. Rainfall in Jakarta varies greatly, both between regions and between months. This
can be seen from the difference in color intensity that indicates the level of rainfall at each measurement point. There is a clear
seasonal pattern, where rainfall is generally higher in certain months.
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Figure 4. Map of Average Rainfall Distribution in 2021 — 2023 for DKI Jakarta in January (left)
and February (right)

In January (Figure 4 left) and February (Figure 4 bottom), rainfall in Jakarta generally showed an even distribution pattern in most
areas of the city. February, which is the peak of the rainy season, recorded higher rainfall intensity compared to previous months,
which tend to have rainfall intensity with increasing frequency and volume. This condition caused almost all areas in Jakarta to
experience significant rainfall intensity. The high rainfall intensity during February did not only occur at several points, but spread
widely to cover strategic areas in Jakarta. This usually has an impact on increasing surface water flow and the risk of
inundation in areascertain areas, especially in areas prone to flooding.
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Figure 5. Map of Average Rainfall Distribution in 2021 — 2023 for DKI Jakarta in March (left)
and April (right)
In March (Fig. 5 left) and April (Fig. 5 right), rainfall in Jakarta began to show a gradual decrease, marking the transition from the

rainy season to the dry season.
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Figure 6. Map of Average Rainfall Distribution in 2021 — 2023 for DKI Jakarta in May (left) and

June (right)

Entering May (Figure 6 left) and June (Figure 6 right), the decrease in rainfall is increasingly significant until most areas enter the
dry season. Several areas such as North Jakarta, East Jakarta, and West Jakarta experienced a fairly sharp decrease in rainfall
during the period from May to June. This decrease has an impact on changes in environmental conditions, with less rainfall
falling, average daily temperatures increasing, and air humidity starting to decrease.
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Figure 7. Map of Average Rainfall Distribution in 2021 — 2023 for DKI Jakarta in July (top left), August (top right), and
September (bottom)

In the period of July (Figure 16 top left), August (Figure 16 top right), and September (Figure 16 bottom), Jakarta enters the dry
season, where the overall rainfall intensity tends to be low. Only a few areas, such as South Jakarta, still experience light to
moderate rain at certain times. During the dry season, areas with low rainfall need to consider water resource management
carefully and efficiently. Information on rainfall distribution during this period is very important in planning the management of
reservoirs, rivers, and groundwater sources so that water availability remains sufficient for the needs of the community and the
environment. Regulation of water flow from reservoirs and efforts to conserve groundwater sources are alsobecomes an important
aspect to maintain water supply during this dry season.
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Figure 8. Map of Average Rainfall Distribution in 2021 - 2023 for the DKI Jakarta area in October (top left), November (top
right), and December (bottom)

In October (Figure 8 top left), November (Figure 8 top right), and December (Figure 8 bottom), Jakarta began to enter the
beginning of the rainy season, where rainfall showed a significant increase in various regions. This increase marks the transition
from the dry season to the rainy season, marked by increasingly intense rainfall over time. The South Jakarta area in particular
often experiences heavy rain and long duration. This condition also affects river flows and increases the risk of waterlogging in
several areas, especially in areas with limited drainage or in lowlands. The increase in rainfall in these months is a concern in
infrastructure management and preparation for potential flooding.

Based on the analysis of the rainfall distribution map above, it can be concluded that rainfall in Jakarta is greatly influenced by
seasonal factors. This information is very important for various purposes, such as spatial planning, disaster mitigation, and water
resource management. Areas with high rainfall need to be equipped with adequate drainage systems to prevent temporary
flooding or flash floods. This data is used to create flood risk maps and develop early warning systems.

3.1 Weather Radar Data Collection Analysis Results

Weather radar imagery data collected from January to December 2023 can observe several general patterns related to rainfall
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distribution in the Jakarta area. Rainfall in Jakarta varies greatly, both between regions and between months. This can be seen from
the difference in color intensity that indicates the level of rainfall at each measurement point.
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Figure 9. PAC Radar Image Products January 2023 DKI Jakarta area

In January (Figure 9), radar imagery shows high rainfall intensity dominating the Jakarta area. High rainfall detected in several
areas such as Central Jakarta and West Jakarta indicates the potential for inundation or flooding in lowland areas and near rivers.
This radar imagery data is very relevant in supporting the implementation of a flood early warning system during January, which
is the peak of the rainy season in Jakarta. This system can utilize real-time rainfall monitoring to provide warnings to communities
in affected areas, especially in flood-prone areas.
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Figure 10. PAC Radar Image Products for February 2023 DKI Jakarta area

Figure 10 shows the distribution of average rainfall in February with red indicating very high rainfall (>100 mm), yellow for
moderate to high rainfall (12.5 — 50 mm), and blue for low rainfall (0.1 — 6 mm). From this map, it can be seen that the areas of
Central Jakarta, East Jakarta, and part of South Jakarta are dominated by yellow, indicating significant rainfall, while other areas
such as West Jakarta have lower rainfall intensity (blue). This information allows for real-time monitoring of rainfall and
identification of flood-risk areas.
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Figure 11. PAC Radar Image Products March 2023 DKI Jakarta area

Figure 20 shows the distribution of average rainfall in March with red dominating the areas of Central Jakarta, East Jakarta, and
South Jakarta. This red color indicates very high rainfall reaching an intensity of up to 100 mm or more. Extreme rainfall like this
can increase the risk of flooding in densely populated areas. Mitigation steps that can be prepared are activating water pumps,
notifying evacuation for people in vulnerable areas, and optimizing drainage to reduce puddles.
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Figure 12. PAC Radar Image Products April 2023 DKI Jakarta area

Figure 12 shows the distribution of average rainfall in April dominated by orange to red colors, indicating high to very high rainfall
(between 50 mm and more than 100 mm). The areas of Central Jakarta, East Jakarta, South Jakarta show high rainfall intensity,
while West Jakarta shows lower rainfall intensity as seen from the blue and yellow hues. With the dominance of high rainfall in
various regions, the risk of flooding increases, especially in low-lying and densely populated areas. Mitigation steps that can be
taken are adjusting river flows and drainage so that the impact of flooding can be optimized.
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Figure 13. Radar Image PAC Products May 2023 DKI Jakarta area

Figure 13 shows the distribution of average rainfall in May which is dominated by dark red to brown for Central Jakarta and parts
of East Jakarta. This color gradation reflects the level of rainfall, very high (>50 mm). Steps that can be taken to minimize the
impact of flooding include monitoring river flows, maximizing drainage systems and reservoirs.
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Figure 14. Radar Image PAC Products June 2023 DKI Jakarta area

Figure 14 shows the distribution of average rainfall in June dominated by dark red for Central Jakarta, West Jakarta, and parts of
South Jakarta, identifying very high rainfall intensity (>50 mm). This data can be used for flood early warning systems with high-
risk areas in Jakarta already identified and to provide information to the public and related parties for anticipatory measures, such
as evacuation or regulation of river flow and drainage.
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Figure 15. PAC Radar Image Products July 2023 DKI Jakarta area

Figure 15 shows the distribution of average rainfall in July which is dominated by dark red in Central Jakarta and parts of East
Jakarta, indicating very high intensity rain (>50 mm) and potential flood risk in the area. By conveying information about high
rainfall to the public through various social media platforms to increase alertness, one of which is by increasing public awareness of
emergency measures, such as preparing important items and evacuation routes. Then ensure that drainage, water pumps, and water
gates function optimally to reduce the potential for flooding.
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Figure 16. PAC Radar Image Products August 2023 DKI Jakarta area

Figure 16 shows the distribution of average rainfall in August dominated by blue to white in the Jakarta area indicating light rainfall,
but the potential for water flow from upstream areas (Bogor) still needs to be watched out for. The implementation of a flood early
warning system is very important from this radar data, especially to predict water flow from high areas to Jakarta. Mitigation steps
that can be taken include increasing drainage capacity, optimizing reservoirs, and early warnings to communities in vulnerable
areas. Public education about evacuation and prevention can also reduce the impact of disasters.
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Figure 17. Radar Image PAC Products September 2023 DKI Jakarta area

Figure 17 shows the distribution of average rainfall in October which is dominated by yellow to blue colors indicating light to
moderate rainfall intensity. Rainfall is still high for the upstream area (Bogor) so that the river discharge flowing into the Jakarta
area is still anticipated. Mitigation can be done by optimizing reservoirs and water gates, accelerating the cleaning of drainage
channels, and providing early warning information to the community for preparedness, especially those living around the river flow.
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Figure 18. PAC Radar Image Products October 2023 DKI Jakarta area

Figure 18 shows the distribution of average rainfall in October which is dominated by yellow to blue colors indicating light to
moderate rainfall intensity. Mitigation can be done by optimizing reservoirs and water gates, accelerating the cleaning of drainage
channels, and providing early warning information to the community for preparedness, especially those living around rivers.
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Figure 19. Radar Image PAC Products November 2023 DKI Jakarta area

Figure 19 shows the distribution of average rainfall in November which is dominated by blue to white colors indicating light rain
intensity. However, in the southern part of Jakarta, it is dominated by red indicating high intensity rain (>100 mm) so that it has the
potential to flow water to the downstream area (North Jakarta) through major rivers such as Ciliwung. Flood anticipation can be
done by providing early warnings to communities in river basins, activating water pumps in flood areas, and coordinating with
related parties to ensure evacuation routes and emergency posts are ready for use. In addition, the drainage system in urban areas is
functioning optimally to reduce possible puddles.
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Figure 20. Radar Image PAC Products December 2023 DKI Jakarta area

Figure 20 shows the distribution of average rainfall in December which is dominated by yellow, red, and orange colors indicating
very high intensity rain (>100 mm) in almost all areas of Jakarta. With this distribution, mitigation measures such as monitoring at
main water gates, readiness of evacuation posts, and flow control in upstream areas are very important to minimize the impact of
flooding, especially in South Jakarta, East Jakarta, and West Jakarta which are indicated to have higher rainfall intensity.

3.2 Flood Incident Data Collection Analysis Results

Several significant trends support the importance of implementing a flood early warning system. The most frequently affected
areas indicate the need for more intensive mitigation measures. The detected flood frequency patterns provide insight into the
right time to undertake more intensive and accurate preparedness measures.
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Grafik 1. DKI Jakarta Flood Events 2019 — 2023
Source: DiBI Data

The data collected shows that flooding in Jakarta during the period 2019 to 2023 occurred with varying frequencies in each region.
Based on the graph, the areas that most often experience flooding are South Jakarta, East Jakarta, West Jakarta, and North Jakarta,
while Central Jakarta has the lowest flood frequency among the five regions. This distribution provides an overview of areas with
a higher level of vulnerability to flooding, as well as being the basis for formulating more targeted mitigation measures in each
region. The relationship between the high incidence of flooding and the potential impact on national stability is an important
foundation because frequent disruptive flooding can affect the smooth running of economic, social, and security activities in the
capital. The implementation of a flood early warning system will play an important role in ensuring that the government and
community are optimally prepared to deal with flooding, so that national stability is maintained.

4. Conclusion and Suggestions

Based on the results of the data analysis that has been carried out regarding the Implementation of the Flood Early Warning System
for National Stability to Improve National Defense are as follows:

1. The use of weather radar and GIS in flood early warning systems in

2. DKI Jakarta is effective in mapping vulnerable areas and providing real-time rainfall intensity data. This data integration
allows for more accurate analysis and rapid response in dealing with flood threats. Rainfall data from 2021 to 2023 and weather
radar data from 2023 support spatial analysis and early warning with

flood potential levels especially in November 48%, December 42%, January 64%, February 101%, March 53%, and May 44%.

3. The implementation of a technology-based early warning system contributes to increasing the country's defense
preparedness and resilience by reducing the social, economic, and security impacts of flooding. Synergy between the TNI, BNPB,
local governments, and the community is essential to strengthening an effective disaster management system.

5. Suggestion

Based on the results and discussion, this study still needs improvement. Suggestions for further research that may expand the
scope of the study are as follows:

1. Improving GIS and weather radar technology as well as human resource training to support flood mitigation.
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2 Conduct flood risk education to the community regarding the flood early warning system routinely in each region.
3 Strengthening synergy between the government, TNI, BNPB, BMKG, academics, and the private sector.

4. Using the integration of rainfall data, weather radar imagery, and Al technology for flood risk analysis.
5.

This study did not consider the topography and watersheds of the DKI Jakarta area, therefore it is necessary to add
topography and watersheds in further research.
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