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T H E  P R O B L E M

Tornadoes are complex three-dimensional atmospheric phenomena— yet almost all visualizations present 
them on flat 2D surfaces.

This fundamentally limits our ability to understand true scale, rotational structure, and spatial relationships — exactly the 
concepts that matter most for education and preparedness.



R E S E A R C H  Q U E S T I O N  &  C O N T E X T

How can immersive technologies improve comprehension of
tornado dynamics compared to conventional 
2D visualizations?

T R A D I T I O N A L  G E O V I S U A L I Z A T I O N

• Static maps & diagrams

• 2D cross-sections of 3D phenomena

• Limited spatial comprehension

• Passive consumption of information

• Scale relationships difficult to convey

I M M E R S I V E  E N V I R O N M E N T S

• Embodied, first-person spatial experience

• True 3D structure and scale perception

• Active, interactive engagement

• Underexplored in geoscience education

• Emerging research area in 
geovisualization



M E T H O D O L O G Y  &  S Y S T E M  D E S I G N

Built in Unity 6 and Blender using physics-based simulation and cross-platform VR tools

K E Y  S I M U L A T I O N  C O M P O N E N T S
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D E M O N S T R A T I O N

I N T E R A C T I V E  C O N T R O L S

EF Scale (0–5) Debris Density Funnel Width Wind Speed



F I N D I N G S  &  I M P A C T

A N T I C I P A T E D  F I N D I N G S

Immersive 3D environments significantly improve spatial comprehension of tornado structure 
and scale compared to conventional flat representations. Interactive controls enable users to 
build intuitive understanding of the relationship between tornado intensity and physical structure.

METEOROLOGY
EDUCATION

Spatial understanding of vortex 
dynamics and tornado structure for 
students at all levels. Replaces 
static diagrams with embodied 
experience.

EMERGENCY
RESPONSE TRAINING

First responders and emergency 
managers can experience tornado 
scenarios safely, improving spatial 
decision-making under pressure.

PUBLIC SAFETY
COMMUNICATION

Translate abstract meteorological 
warnings into visceral spatial 
understanding, improving public 
risk perception and preparedness 
behavior.

Contributes to an underrepresented area of research: immersive environments as tools for geographic and environmental visualization


