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Abstract:     
 This paper introduces an innovative 3D globe visualization tool called "Seismowave," which 

dynamically visualizes global earthquake data. It utilizes a large dataset from a trusted seismic activity 

database to depict the precise locations of earthquake events and thus gives a vivid image of seismic 

activity patterns around the world. The goal of this project is to fill the gap between raw seismic data and 

user-friendly visualization tools so that both experts and non-experts can understand and interpret seismic 

activities effectively.  

Seismowave offers an interactive and user-friendly platform where the users can examine the 

seismic data in real time, visualize the occurrences of earthquakes by color-coded markers based on 

magnitude and depth, and observe the trends over space and time. In addition, the advanced features it has 

include real-time data update, historical playback of seismic events, and capabilities for predictive 

modelling that are currently under development. Seismowave, with its accessible seismic data and eye-

catching visualization, promotes more knowledge and understanding about earthquake risks. This 

contributes to better disaster preparedness and mitigation strategies in areas prone to earthquakes. 
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I.     INTRODUCTION 

Seismowave is a leading-edge visualization 

tool used to chart earthquake occurrences on an 

interactive 3D globe. Tremors tend to continue 

threatening human life, infrastructure, and 

economies around the world. To this end, the 

need to analyse and visualize seismic data has 

become ever so necessary.  

Traditional methods of presenting seismic 

data, such as static maps and textual reports, are 

often inadequate in providing an intuitive and 

comprehensive understanding of global seismic 

patterns. Such conventional approaches are 

usually too heavy for non-specialists and lack 

the interactive elements required for in-depth 

analysis. Seismowave fills this gap by 

incorporating a robust dataset from an official 

seismic activity website into an immersive, 

visually engaging platform that brings seismic 

data to life. 

The increasing nature of seismicity, both 

because of natural tectonic movements and 

humanly induced factors that include fracking 

and deep-well injections, requires advanced 

visualization that can help better prepare for, and 

mitigate in the face of, disasters. Seismowave 

offers an opportunity to consider seismic 

activities, their nature, and their spread across 

the Earth in a very different way--one that brings 

users into visually interactive contact with the 

data themselves. This approach is not only 

beneficial in identifying possible high-risk zones 

but also to understand the greater geological 

processes which shape our Earth. 

Another reason why Seismowave has an 

interactive approach to its website is that users 

can view past earthquakes, patterns of change 

through time, and even predict possible future 

scenarios through the use of predictive 

modelling algorithms. This much interaction and 

functionality make Seismowave very valuable 

for an incredibly diverse range of users-from 

geoscientists to educators, emergency response 

teams, and policy-makers alike. It simplifies 

complex seismic data into visual forms that 

further both public education and scientific study 

of seismology. 

II.     METHODOLOGY  

The SEISMOWAVE system was designed with 

a focus on real-time data integration, accurate 

wave simulation, interactive visualization, and 

high accessibility. This methodology outlines the 

stages involved in data collection, processing, 

simulation, visualization, and performance 

optimization to create a responsive and 

informative platform for tsunami prediction and 

impact assessment.  

 

1. Data Gathering and Preprocessing 

A. Seismic Data Acquisition  

SEISMOWAVE relies on seismic data from 

authoritative sources such as the United States 

Geological Survey (USGS) and the International 

Seismological Centre (ISC) to detect earthquakes 

that have the potential to generate tsunamis. This 

data includes critical parameters such as 

earthquake magnitude, location, depth, and fault 

line information, which are all essential in 

determining the likelihood and characteristics of 

a tsunami. 

B. Oceanographic and Bathymetric Data 

Integration  

To accurately simulate tsunami wave 

propagation, SEISMOWAVE integrates 

bathymetric data from the National 

Administration Oceanic and Atmospheric 

(NOAA) and other global oceanographic 

databases. Bathymetric information, detailing 

underwater topography and seafloor depth, is 

crucial for predicting wave behaviour, as it 

affects wave speed, height, and dispersion 

patterns across the ocean. This data is pre-

processed and stored in a format compatible with 

the hydrodynamic model, allowing for efficient 

real-time calculations. 
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C. Preprocessing and Data Transformation  

Preprocessing is conducted on the seismic 

and oceanographic data to eliminate noise and to 

change data format before simulating. Seismic 

data is standardized, noise removed to avoid any 

inaccuracy during modelling. The bathymetric 

data is gridded and resolution adjusted 

depending on the area of interest so that it would 

not be too detailed or computationally intensive. 

 

2. Tsunami Wave Simulation 

The heart of SEISMOWAVE's predictive 

capability is its hydrodynamic wave model, 

simulating the propagation of tsunamis based on 

the physics of water displacement and wave 

mechanics. 

A. Hydrodynamic Modelling 

This hydrodynamic model takes an initial 

calculation in wave formation in the context of 

earthquake magnitudes and depths and uses a 

shallow water wave equation and other 

parameters to calculate a displacement profile 

across the body of water that a tectonic shift 

causes to generate the original wave profile. This 

hydrodynamic model would, therefore, involve 

wave velocity dissipation and modulation of 

energy based on varying depths of oceans as 

well as differences in geometrical shapes at 

various coasts. 

B. Simulate Real-Time Propagation Waves 

The system calculates the real-time 

propagation across the ocean by considering 

wave height, speed, and direction. The 

simulation adjusts wave behavior as it hits the 

changing seafloor depths and coastlines; it 

predicts how waves might refract, reflect, or lose 

energy. This real-time modeling allows for 

accurate estimates of arrival times and intensity 

at the coastal impact zones, which is used for 

better risk assessment and response planning. 

 

3. Real-Time 3D Visualization 

SEISMOWAVE uses WebGL for its 

rendering engine to visualize a simulated 

tsunami wave in an interactive 3D globe 

interface, offering an overall view of wave 

progression and possible affected areas. 

 

A. 3D Globe Interface and Layer Management 

The 3D globe interface shows waves in 

layers coded by intensity, so users can track 

propagation patterns visually. Data layers are 

categorized by risk levels, with color-coded 

intensity maps indicating predicted wave height, 

travel speed, and energy levels. Users can toggle 

between layers, adjust transparency, and 

customize the view to isolate specific data such 

as impact zones, seismic origins, and populated 

regions. 

B. Predictive Markers and Alert Zones  

Predictive markers represent high-risk 

coastal regions, signalling areas where tsunamis 

are likely to make landfall with significant 

impact. These markers are overlaid with 

population density and infrastructure data to 

highlight vulnerabilities. Alert zones around 

impact areas can be modified based on seismic 

data, helping responders focus on high priority 

areas and allowing users to visualize potential 

evacuation zones. 

C. Customization and User Interactivity 

The 3D view allows the simulation of 

different earthquakes by the users, where users 

can enter their preferred parameters; magnitude, 

location, and depth. Such input enables scientists 

and emergency workers to run hypothetical 

analysis and test the response. It has a device-

agnostic, user-friendly interface, where a user 

can engage in rotation, zoom, or data layering. 

 

4. Predictive Analytics and Impact Assessment 

A. Wave Impacts and Risk Forecasting  

SEISMOWAVE uses a module that predicts 

impact zones with the help of predictive 

analytics on wave speed, height, and coastal 

characteristics. Calculating the predicted force of 

impact, it can adjust its predictions based on the 

topography, the slope, and the levels of wave 

energy dissipation at the coast; this type of 

prediction is useful for regions that suffer more 

from severe inundation. 

B. Population and Vulnerability Assessment 

Infrastructure  

To increase its usefulness in disaster 

preparedness, SEISMOWAVE provides overlays 

for population density, critical infrastructure 
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(hospitals, schools, transportation networks), and 

evacuation routes. The system visualizes the 

interaction between tsunami impact zones and 

population centers, helping emergency managers 

to assess vulnerabilities and optimize evacuation 

plans, thus enabling effective reduction of 

human and economic losses. 

5. System Performance Optimization 

A. Data Processing and Rendering Efficiency  

The real-time nature of SEISMOWAVE 

demands high processing speeds for both data 

acquisition and visualization. The system uses 

GPU acceleration to perform complex 

calculations and render simulations with minimal 

latency. Parallel processing is employed to 

handle large datasets from USGS and NOAA in 

real time, ensuring rapid data updates and 

responsive simulation adjustments. 

B. Load Balancing and Scalability  

To maintain the high number of requests 

when there is a disaster, SEISMOWAVE is 

designed on a scalable architecture distributed on 

multiple servers in handling loads of processing. 

Load balancing this system enhances the 

reliability especially when accessing accurate 

tsunami prediction at such peak times. From 

here, the system dynamically scales, 

accommodating thousands of concurrent users 

because it can be used both at local emergency 

and internationally. 

C. System Testing and Calibration  

To ensure accuracy, SEISMOWAVE is 

rigorously tested against historical tsunami 

events. Each component of the simulation model 

is calibrated with real-world data to improve 

accuracy, including factors such as wave height, 

travel time, and impact force. This calibration is 

ongoing, with the system designed to adapt to 

new data sources and evolving models for 

continuous improvement. This methodology 

ensures SEISMOWAVE is a reliable, accessible, 

and accurate tool for tsunami prediction, real-

time monitoring, and disaster response planning. 

By merging real-time data with interactive 

visualization and scalable processing 

capabilities, SEISMOWAVE delivers an 

essential resource for improving public safety 

and preparedness in tsunami-prone regions. 

 

III. RESULTS  

The implementation has made Seismowave 

a very effective visualization tool for global 

earthquake data. Interactivity strongly increases 

user interaction with the tool, unlocking 

difficult-to-access information in seismic data to 

a mass audience. Researchers can use the tool to 

identify patterns such as earthquakes clustering 

around the boundaries of tectonic plates. 

Educators could use the tool to demonstrate 

seismic concepts in a visually engaging manner. 

The most striking observation of 

Seismowave's visualization is the clear 

demarcation of tectonic plate boundaries, 

especially the "Ring of Fire," which outlines the 

Pacific Plate. It also shows lesser-known seismic 

hotspots, such as the mid-Atlantic Ridge and 

intraplate earthquake zones, giving insights into 

the frequency and distribution of earthquakes 

over time. This gives the user the possibility of 

interacting with this data in the pursuit of 

drawing correlations between seismic activity 

and geological features-to better understand 

Earth's dynamic processes. 

Moreover, the heatmap overlay and 

playback of historical data have been found to be 

useful in the recognition of temporal patterns of 

seismicity. For example, one may see how the 

aftershocks tend to congregate around the 

epicentre following a major event, or how 

seismic swarms evolve over time in volcanic 

areas. These features are important in disaster 

preparedness and risk assessment. 

Summary of Results: 

 

Fig. 1 marked are earthquakes. 
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Fig. 2 zoomed to 3D globe 

 

 

Fig. 3 marker containing details of earthquake  

 

IV. CONCLUSION 

The development of SEISMOWAVE marks 

a significant advancement in the field of tsunami 

prediction and disaster preparedness. By 

incorporating real-time seismic and 

oceanographic data into a 3D interactive globe, 

SEISMOWAVE delivers an intuitive and 

accessible tool that supports both immediate 

response and proactive planning. This project 

addresses critical limitations in current tsunami 

warning systems by offering a dynamic 

visualization platform that allows users to 

observe wave propagation in real time, track 

potential impact zones, and understand the full 

extent of the threat to coastal areas. 

SEISMOWAVE’s integration of WebGL-

powered 3D rendering makes it compatible with 

multiple devices, ensuring broad accessibility for 

emergency responders, scientists, educators, and 

the general public. This flexibility enhances its 

usability in both professional and educational 

contexts, empowering users to explore and 

understand tsunami risks more effectively. 

Furthermore, the platform’s predictive analytics, 

which calculate wave characteristics based on 

seismic event parameters, provide a more 

detailed and immediate representation of the 

potential effects of underwater earthquakes. This 

capability offers a significant advantage for 

emergency response teams, enabling faster and 

more targeted evacuations and resource 

deployment in high-risk areas. 

One of the most valuable contributions of 

SEISMOWAVE is its potential to inform and 

educate coastal communities. By simulating a 

range of tsunami scenarios, the system can be 

used to raise awareness about tsunami risks, 

educate the public on evacuation procedures, and 

encourage more resilient infrastructure planning. 

The platform’s visualizations can make complex 

scientific information more accessible, helping 

individuals and communities better understand 

how tsunamis propagate and which factors 

influence their impact. This educational 

component is essential for fostering a culture of 

preparedness and resilience, particularly in 

vulnerable regions.  

Future improvements to SEISMOWAVE 

could enhance its accuracy and expand its 

functionality. For instance, integrating 

atmospheric and climate data could enable the 

system to account for additional environmental 

factors, providing an even more comprehensive 

model for predicting tsunami impact. 

Incorporating machine learning algorithms might 

also refine SEISMOWAVE’s predictive 

capabilities over time by learning from past 

tsunami events and continuously improving 

wave modelling accuracy. Expanding the 

system’s database to include more localized 

bathymetric and geological data would further 

enhance its relevance and precision for specific 

coastal regions.  

In conclusion, SEISMOWAVE has the 

potential to transform tsunami prediction and 

preparedness worldwide. By providing an 

interactive, real-time visualization of tsunami 

risk, this platform empowers communities, 

governments, and emergency responders to 

make informed decisions that can save lives. As 

climate change and rising sea levels continue to 

increase the frequency and severity of coastal 
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disasters, tools like SEISMOWAVE will be 

essential in building resilient, well-prepared 

societies. Through continued development and 

collaboration with scientific and emergency 

management communities, SEISMOWAVE can 

help set new standards for disaster prediction and 

public safety in the face of an uncertain future.  
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