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Introduction



Project Background

� In September 2005, 
Hurricane Rita landed east of 
Houston

� Well over 1 million people 
attempted to evacuate from 
the eight county region

� Severe congestion as a result



Houston evacuation plan

� Evacuation routes became 
“parking lots”.

� Some people spent more than 
18 hours on the evacuation 
routes

� Fatal accidents, abandoned 
cars, and other safety issues
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Basic Model Development
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� Focuses on the six primary exit routes

� Based on 2000 census updated with 
predictions for 2010

� Uses latest flood zone maps from US 
Army COE

� CUBE software (ArcGIS engine)

� Assesses feasibility of the 
Commonwealth’s evacuation plan

� Considers permanent housing residents, 
mobile home residents, and transient 
residents (tourists)

� Assesses impact of accidents and 
incidents

Houston Hurricane Evacuation Plan
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� Cube Base
� Application Manager : flow-chart style tool for 

building model systems
� Scenario Manager: tool for applying the model to 

multiple scenarios
� Cube GIS Window: editing of all data in text, 

tabular and graphical form

� Functional Libraries:

� VOYAGER
� CARGO
� AVENUE
� DYNASIM
� ANALYST
� LAND (in development)

A Comprehensive Transportation Planning System
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Cube Base: build, edit, run, present
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Key Qualities of Cube in GIS Applications: 
Intuitive design & data sharing

� Cube has an intuitive model design and 
model application workspace with 
extremely easy to use data manipulation 
features.

� Cube provides direct access to and from 
ArcGIS, the industry standard for GIS 
systems.

� Cube has tools for the development and 
sharing of high quality 2D and 3D 
animations.

Overview of Cube



� Dynamic Traffic Assignment
� Model period is divided into discrete “segments”

� Link flows & impedances may vary by segment
� Origin-destination flows also vary by segment

� Path routing depends upon departure time

� Meso-Scopic Simulation
� Trips are grouped into “packets” having a 

common origin, destination, departure & route
� Continuous-time event-based simulation tracks 

movement through the network

� Capacity is strictly enforced as a maximum 
observable entry/exit/movement flow rate

� Storage (jam density) is also strictly enforced

Model (Cube Avenue) Principals



Visualization Options: Postings and Animations



Packet Animation
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Houston Evacuation Modeling Project



In response…

� Houston-Galveston Area Council (H-GAC) coordinated with 
various governmental agencies to develop a hurricane 
evacuation plan.

� H-GAC was asked to develop a tool for evacuation planning.



Goal of this model

� Re-generate the Rita evacuations
� Provide evacuation demands 
� Estimate traffic volumes and delays
� Sensitive to various scenarios and 

plans
� Apply to non-evacuation planning 

(corridor, sub-area, ITS, etc)



Challenge  - Model Size

� 8-county region with 4.7 million population in 2000 and is expected 
to grow to over 7.7 million by 2035.

� 3000 zones and 43,000 links
� 7,700 Square miles from CBD to rural area
� Around 14,000,000 daily trips modeled
� Long trip: average work trip length over 20 minutes, with almost

10% over 40 minutes

� Translates into huge computation problem size: major technical 
challenge on 32-bit operating systems (Windows XP)



Challenge - Demands
� Little Survey data for Rita event
� Future evacuation demands could be 

varied in
� Time period
� Response rate and number of trips

� Origin and Destination

� Interaction between evacuation, normal 
daily, and non-evacuation traffic



Challenge - Network 

� Network change during evacuation 
� Sensitive to Policy Factors

� Contra-flow lane
� Shoulder lane use
� HOV lane opens to public
� Ramp closure
� Signal timing

� Facilities become unavailable due to 
flooding, high wind, or other disasters



An Example of Macro-, Messo- and Microscopic 
Model Using Cube

� Simulation of Transportation Evacuation with Cube: A need to simulate traffic conditions 
during a region-wide or sub-area evacuation situation

� Simulation is comprised of two key elements:
� The ‘demand’: the number of vehicles wishing to travel from their origin to their destination 

by time of day
� The ‘supply’: a representation of the roadway infrastructure, and traffic control systems

� Simulation model allows the local jurisdiction to test different demand and supply scenarios 
separately or together

� Results are:
� evaluation statistics for investment – benefit analysis
� Graphical displays showing traffic jams, travel speeds and travel times
� 3D animations of results for public participation and for sharing with stakeholders



� Full 72-hour evacuation model period
� First 24 hours (9/20): normal day period

� Second and third days reflect event effects

� Two classes of incremental assignment:
� Evacuation trips – incremental by time

� Background demand – incremental fractions

� Supply-side policy tools in place
� Reversible (HOV as well as contra-flow) lanes 

coded into base network with dynamic banning 
in model script for 72-hour evacuation event

� Can be extended to open shoulders or close 
sections of network for natural or policy reasons

� Dynamic capacity controls can be used to 
model hypothetical incidents on specific links

H-GAC Evacuation Modeling Methodology



� Longest evacuation 
trips originate from 
southeastern 
portion of region

� Shortest evacuation 
trips originate from 
the northwestern 
perimeter

Time To Leave Region by Strategic District



Sep. 21 6:00 PM Strategic Model



Sep. 21 11:00 PM Strategic Model



Sep. 22 10:00 AM Strategic Model
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Visualizing Transportation Using CUBE & Arc 
GIS Engine



Zooming In On the Network



Compare With an Aerial Photo



Edit Link Vertices



Layout 
Navigation 

Tools

Ink Pen 
Drawing 

Tools

New Data 
Frame 
Button

Focus Data 
Frame 
Control

Layout 
Menu

The Layout View



Example Maps



Node/Point Chart Maps



Transit Access Map



Intersection LOS Map
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Thank you !

Questions & Answers


