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them on flat 2D surfaces.

This fundamentally limits our ability to understand true scale, rotational structure, and spatial relationships — exactly the

THE PROBLEM
Tornadoes are complex three-dimensional atmospheric phenomena — yet almost all visualizations present
concepts that matter most for education and preparedness.
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RESEARCH QUESTION & CONTEXT

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

mathematics

Mathematical Mo
Cor

COLDDRYAIR South Pakota

| Nebraska |
TORNADO ALLEY

KT

e

WARM DRY AIR

-
Oklahoma

WARM MOIST AIR




METHODOLOGY & SYSTEM DESIGN

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

KEY SIMULATION COMPONENTS

Tornado VFX Graph EF Scale
Physics Funnel Controls




DEMONSTRATION

INTERACTIVE CONTROLS

EF Scale (0-5)

Debris Density

Funnel Width

Wind Speed




FINDINGS & IMPACT

ANTICIPATED FINDINGS

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
mManagers 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




