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1. INTRODUCTION
Air pollution has become a significant concern in many urban areas around the world, particularly in
regions with high population density and industrial activities. Cities such as Jakarta and its surrounding
metropolitan area, collectively known as Jabodetabek, frequently experience poor air quality, which poses
health risks to residents and impacts the environment [1]. In response, various technologies, including weather
modification techniques, have been explored to mitigate air pollution and improve atmospheric conditions.
Weather modification involves deliberate intervention in atmospheric processes, such as cloud seeding, to
influence weather patterns and, in some cases, reduce pollution levels. Monitoring air quality is essential to
support these efforts, as it provides real-time data that can guide decision-making and assess the effectiveness
of weather modification strategies [2].
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Fig 1. Weather Modification Technology Monitoring Website

The Air Quality Index (AQI), which measures pollutants like particulate matter (PM2.5 and PM10),
ozone (03), and carbon dioxide (CO2), serves as a key parameter in evaluating atmospheric conditions.
Effective visualization and communication of this data are critical to ensuring that stakeholders, including
government agencies, researchers, and the general public, are well-informed [3].
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Fig 2. Website Introduction

This paper proposes the development of a website interface designed to present AQI data in a user-
friendly manner, specifically for regions with high pollution levels, such as Jabodetabek. By focusing on the
front-end design of the website, the study aims to create a platform that is accessible, intuitive, and
informative. This website will facilitate the monitoring of air quality and serve as a tool to support weather
modification initiatives. The current study focuses on the visual and interactive aspects of the website, with
future potential to expand its back-end capabilities for real-time data integration and enhanced functionalities

[4].

The remainder of this paper will discuss the design process, key features of the website, and the
relevance of its application in the context of weather modification technologies and urban air quality
management.

2. THEORETICAL BACKGROUND

Weather Modification Technology (TMC) has emerged as a crucial tool in managing atmospheric
conditions to mitigate adverse weather effects, increase rainfall, or reduce pollution. The primary method
employed in TMC is cloud seeding, a process where chemicals like silver iodide (Agl) or sodium chloride
(NaCl) are introduced into clouds to stimulate precipitation. This technique, developed in the 1940s, has since
been applied across the globe, especially in regions suffering from water shortages or severe weather
conditions. In Indonesia, TMC has been implemented to address critical issues such as forest fires, drought,
and flood prevention, with ongoing innovations such as drone-based cloud seeding technology further
advancing its capabilities [5].
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Fig 3. Air Pollutants Display

The focus of this website is on the application of TMC in urban areas, particularly its potential role in
improving air quality. High levels of air pollution, particularly in densely populated regions like Jabodetabek
(Jakarta, Bogor, Depok, Tangerang, Bekasi), have raised concerns about public health and environmental
sustainability. The Air Quality Index (AQI), a widely recognized measure of air pollution, plays a central role
in monitoring and assessing the state of the atmosphere. AQI measures the concentration of pollutants such as
PM2.5, PM10, Ozone (03), and Carbon Dioxide (CO2), which can have severe health impacts, particularly for
vulnerable populations. These pollutants are closely monitored in metropolitan areas, where industrial
activities, vehicular emissions, and urban sprawl contribute to the degradation of air quality [6].

In the context of urban pollution management, cloud seeding could serve as a supplementary tool for
cleaning the atmosphere. By inducing rain, the particulate matter in the air, including harmful pollutants, can
be washed away, temporarily improving air quality. This strategy, while still under research, has the potential
to provide relief in heavily polluted areas, such as those documented in the AQI maps for Jakarta, Tangerang,
Bekasi, and Bogor, featured on the website [7].
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Fig 4. Air Quality Display

In addition to providing data on air quality, the website offers an overview of real-time conditions in
these areas, emphasizing the relationship between TMC and the ongoing efforts to manage urban pollution. By
utilizing Internet of Things (loT)-based sensors and integrating data visualization tools, the site helps
communicate complex AQI data in an accessible manner, which is critical for increasing public awareness and
enabling informed decision-making.

The theoretical foundation for this research lies in the intersection of weather modification and air
quality management, supported by the application of modern technologies in environmental monitoring. As
the effects of climate change and urbanization intensify, the role of TMC in maintaining environmental balance,
particularly in highly polluted areas, becomes increasingly important. This research aims to explore how TMC
can be effectively integrated with real-time monitoring platforms to improve air quality and promote
sustainable environmental practices [8].

3. LITERATURE REVIEW
Coral Weather modification technology, particularly cloud seeding, has been a topic of research since
the mid-20th century. Schaefer and Vonnegut (1946) are often credited with pioneering cloud seeding
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techniques, where chemicals such as silver iodide and dry ice are introduced into clouds to stimulate
precipitation. Over the decades, numerous studies have validated cloud seeding’s efficacy in increasing rainfall,
with notable applications in agriculture and water resource management. In research conducted by Bruintjes
(1999), cloud seeding was highlighted as a viable method for enhancing water supplies in arid regions, with
the potential to improve irrigation and water availability for farming communities [9].

In recent years, the scope of weather modification has expanded to include its role in air quality
management. Several studies have explored the potential of cloud seeding to reduce atmospheric pollution by
washing away particulate matter (PM2.5, PM10) through induced rainfall. Rosenfeld et al. (2000), in a study
focused on cloud microphysics, demonstrated that artificially induced rainfall could assist in removing
pollutants from the atmosphere. In urban settings, this approach has been considered in high-density areas
where air quality regularly exceeds hazardous levels, such as Beijing and Jakarta. Li et al. (2011) conducted
experiments on cloud seeding in China to clear smog and reduce particulate pollution, indicating moderate
success in reducing pollution concentrations post-seeding [10].

The Air Quality Index (AQI) is central to monitoring air pollution levels and assessing health risks. As
noted by Thompson et al. (2014), AQI provides a standardized method to convey air quality levels to the public,
where pollutants such as ground-level ozone, particulate matter, sulfur dioxide, and nitrogen oxides are
measured. According to WHO (2018), exposure to high levels of PM2.5 and PM10 has been linked to
respiratory and cardiovascular diseases, and managing these pollutants is critical to public health in urban areas
[11].
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Figure 5. HTML Code Display

In Indonesia, the implementation of cloud seeding began in the early 2000s as a response to severe
forest fires and seasonal droughts. Studies conducted by Yulianti and Hayasaka (2013) on the effectiveness of
TMC in reducing the impacts of forest fires in Sumatra and Kalimantan found that cloud seeding operations
during fire seasons helped reduce haze and improve air quality. These operations, however, require precise
conditions to be successful, such as the presence of clouds suitable for seeding, and are influenced by local
meteorological factors [12].

The use of Internet of Things (1oT)-based sensors for environmental monitoring has transformed how
real-time data on air quality is collected and analyzed. Tseng et al. (2018) describe the deployment of low-cost
10T sensors in urban areas as a significant advancement in tracking pollution. The integration of these sensors
into websites and mobile platforms has enhanced public accessibility to air quality data. In Jakarta, initiatives
like IQAIr (2020) have developed realtime air monitoring systems, which provide up-to-date AQI data and
pollution forecasts, improving the public’s ability to respond to pollution hazards [13].
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Figure 6. Air‘QuaIity Index

In terms of web-based applications, user experience (UX) design plays a critical role in making
environmental data accessible. Norman (2013) emphasizes the importance of intuitive design in presenting
complex information to users who may not have technical backgrounds. Visual aids, such as graphs, color-
coded scales, and interactive maps, are essential for communicating air quality data effectively. Websites
designed for environmental monitoring must prioritize responsiveness and user-friendly interfaces, ensuring
that information is easily navigable and comprehensible across devices, as highlighted in Cooper et al. (2014)
[14].

This body of literature provides the foundation for developing a website that integrates weather
modification technology with air quality monitoring. By leveraging realtime AQI data and cloud seeding
methods, this research aims to create a platform that supports public awareness and policy initiatives in highly
polluted areas like Jabodetabek. While cloud seeding presents promising potential, its limitations, including
dependency on meteorological conditions and the temporary nature of pollution mitigation, necessitate further
investigation [15].

4. DISCUSSION

The implementation of weather modification technology, particularly through cloud seeding, presents
both promising opportunities and notable challenges in addressing environmental concerns, such as water
scarcity and air quality degradation. This study focuses on the potential for using cloud seeding to manage air
pollution in heavily populated urban areas, specifically within the Jabodetabek region, where air quality often
exceeds safe levels. The discussion in this chapter explores the effectiveness of cloud seeding as a solution for
improving air quality, the integration of real-time data through a web-based platform, and the implications for
public health and policy [16].

A. The Effectiveness of Cloud Seeding for Air Quality Improvement

Cloud seeding has traditionally been used to enhance precipitation, particularly in agricultural regions
facing drought conditions. However, its application in air quality management has gained attention in recent
years, especially in cities grappling with high levels of particulate matter (PM2.5, PM10) due to industrial
activities, vehicular emissions, and other urban pollutants. Studies conducted in China and other countries
suggest that cloud seeding can help temporarily reduce airborne pollutants by inducing rain, which
effectively washes these particulates out of the atmosphere [17].

In the context of Jabodetabek, cloud seeding could serve as a short-term solution to address spikes in
air pollution during critical periods, such as the dry season or when haze from forest fires blankets the
region. The data from air quality monitoring systems in Jakarta, Bogor, Depok, Tangerang, and Bekasi
indicate that these areas frequently experience unhealthy AQI levels. Induced rainfall could help mitigate
these conditions by clearing the air of pollutants, though the effectiveness is dependent on favorable
meteorological conditions, such as the availability of suitable cloud formations [18].

However, cloud seeding as a method for improving air quality is not without limitations. First, the
process requires precise weather conditions to be effective, and there is no guarantee of immediate or long-
lasting results. Moreover, the scope of its impact is limited; while cloud seeding can help temporarily reduce
pollutants, it does not address the underlying sources of pollution, such as emissions from traffic, factories,
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and power plants. Therefore, cloud seeding should be seen as a supplementary measure to broader efforts
aimed at reducing emissions and improving air quality sustainably [19].

B. Integration of Real-Time Monitoring and Web-Based Platform

One of the core components of this project is the development of a real-time monitoring website that
integrates weather modification data with air quality indicators. The website offers users access to real-time
AQI data for different regions within Jabodetabek, allowing for a clearer understanding of pollution
patterns. By presenting air quality information through an accessible and user-friendly interface, the website
empowers the public, researchers, and policymakers to make informed decisions regarding weather
modification interventions and other air quality management strategies[20].

The integration of 1oT-based sensors and real-time data visualization has greatly improved the way
air quality is monitored and reported. These technologies allow for continuous tracking of air quality across
multiple locations, which is critical for identifying pollution trends and hotspots. The website’s use of color-
coded AQI scales, interactive maps, and region-specific data ensures that users can quickly grasp the
severity of air pollution in their area. This is particularly important for vulnerable populations, such as those
with respiratory conditions, who need timely information to protect their health.

In the context of TMC, the website also highlights the potential of cloud seeding to improve air quality
in regions experiencing high pollution levels. By displaying real-time weather data alongside air quality
metrics, the website provides a comprehensive platform for assessing the viability of cloud seeding
operations. For example, in areas where cloud cover and humidity levels are favorable, cloud seeding can
be proposed as a short-term measure to alleviate air pollution, especially during critical pollution events.

C. Public Awareness and Policy Implications

One of the key objectives of this project is to raise public awareness about the role of TMC and air
quality monitoring in environmental management. By providing a centralized platform for real-time air
quality data and information about cloud seeding, the website helps bridge the gap between scientific
knowledge and public understanding. Increased awareness of air quality issues is crucial for encouraging
behavioral changes, such as reducing car usage on highpollution days or supporting policies aimed at
reducing emissions.

Moreover, the project emphasizes the need for stronger policies and regulatory frameworks to
complement technological interventions like cloud seeding. While weather modification can offer short-
term relief, long-term solutions must focus on reducing emissions at their source. Governments at the
national and local levels should prioritize policies that address the root causes of air pollution, such as
stricter emission standards for vehicles and industries, the promotion of clean energy, and the expansion of
public transportation networks.

Cloud seeding operations should be integrated into broader environmental management plans,
particularly in regions like Jabodetabek where pollution poses significant health risks. The data provided
by real-time monitoring systems can help policymakers assess the effectiveness of these interventions and
determine when and where they should be applied. For example, during periods of extreme air pollution,
cloud seeding could be deployed as part of an emergency response plan to reduce pollution levels quickly.
However, policymakers must also consider the costs and logistical challenges associated with cloud
seeding, including the availability of necessary resources, such as aircraft and chemicals, and the need for
coordination across multiple government agencies [1].

D. Limitations and Future Research

While the project presents a promising approach to integrating TMC with air quality monitoring,
several limitations must be addressed. First, the effectiveness of cloud seeding in reducing air pollution is
still a subject of ongoing research, and more empirical studies are needed to confirm its long-term impact
on air quality in urban areas. Additionally, the website’s reliance on IoT-based sensors for real-time data
means that the accuracy of air quality measurements is contingent upon the quality and maintenance of
these sensors.

Future research should focus on developing more sophisticated models for predicting the outcomes
of cloud seeding operations, taking into account factors such as cloud microphysics, local meteorological
conditions, and pollutant composition. Additionally, expanding the website to include predictive analytics
and forecasting tools could further enhance its utility for decision-makers, allowing for more proactive
measures to mitigate air pollution [10].
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5. CONCLUSION

The development and integration of weather modification technology (TMC) with real-time air quality

monitoring, as demonstrated in this project, presents a novel approach to addressing environmental issues such
as air pollution, particularly in densely populated urban regions like Jabodetabek. This study explored the
effectiveness of cloud seeding as a supplementary method for improving air quality and reducing particulate
matter in the atmosphere, alongside the creation of a web-based platform that delivers real-time air quality data
to the public [1].

Several key conclusions can be drawn from this research:

1. Cloud Seeding as a Short-Term Solution: Cloud seeding has potential as a short-term solution to
mitigate the effects of air pollution in urban areas. While it can temporarily reduce levels of
pollutants, its effectiveness is heavily dependent on favorable meteorological conditions, such as
cloud availability and humidity. This technology should therefore be viewed as part of a broader
strategy for environmental management, rather than a standalone solution.

2. Real-Time Monitoring for Informed DecisionMaking: The integration of real-time air quality
monitoring into a user-friendly website platform has proven to be an effective way to increase
public awareness and provide critical information to researchers, policymakers, and the general
public. By offering continuous updates on air quality conditions, the platform helps users make
informed decisions regarding cloud seeding interventions and health precautions during high-
pollution events.

3. Public Awareness and Policy Implications: The project's emphasis on public accessibility to air
quality data serves as a foundation for raising awareness about environmental issues and
promoting behavioral change. It also underscores the importance of strong policy frameworks
that target the root causes of air pollution, such as emission reduction, cleaner transportation, and
sustainable energy practices.

4. Limitations and the Need for Further Research: While cloud seeding can temporarily alleviate air
pollution, its long-term impact remains an area requiring further research. The accuracy of real-
time air quality data and the scalability of cloud seeding operations also pose challenges. Future
studies should focus on refining predictive models for weather modification, improving sensor
accuracy, and exploring additional applications of TMC in urban environmental management.

In conclusion, the combination of weather modification and real-time monitoring offers a promising

avenue for improving air quality in urban areas. However, this approach must be supported by comprehensive
environmental policies and ongoing research to ensure its effectiveness and sustainability. Ultimately, the
successful implementation of TMC and real-time monitoring systems will contribute to healthier environments
and better quality of life for residents in pollution-prone areas [12].
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