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Data collected from simulation
• Data about the conditions households were exposed to were collected based on 

the path households traveled. These data include:
• Duration in heavy rainfall
• Total rainfall a household was exposed to
• Duration in a flooded area
• Distance traveled in a flooded area
• Duration in close proximity to a TRI facility
• The minimum distance between a household and TRI facility 

Behavior Module
• For each tick, the behavior module determines if a household:

• Continues an evacuation already in process
• Decides to start evacuating 
• Decides to shelter at home 

• This information is updated for the traffic module to use

Simulation Design
• Two main components of the simulation: 

• Behavior module: determines evacuations and timing of evacuations 
• Transportation module: uses QueST (Queuing Simulation of Traffic) to 

simulate the movement of households during evacuation. 
• Setup:

• Households were assigned an evacuation time and day based on 
evacuation data from the literature

• Evacuation destinations were predetermined and assigned so that the 
chance of evacuating to a particular destination was inversely proportional 
to the distance between the household and the destination

• Initial routes between households and their destinations were also 
predetermined

Motivation
Dynamic hazard exposure and sociodemographic attributes are both important 
determinants of the vulnerability of a population. We have created an agent-based 
simulation model to determine how hazard exposures during evacuation contributed 
to population health outcomes during Hurricane Harvey, which struck the Gulf Coast 
in August 2017.

• Running:
• Evacuations were modeled starting August 18 until August 28 with events 

being simulated at 15-minute intervals
• At each tick during the simulation, the behavior of each household was 

updated, and the transportation module moved households accordingly
• Paths taken and updated behaviors were written to file

Area of study: Harris County, TX. 
Each tract is colored according to the closest evacuation destination.

• The analysis above indicates that Incorporating simulation variables improved the 
model fit compared to the base model

Augmenting the SVI
• The values calculated from the simulation could be incorporated as an additional 

metric for determining vulnerability of the population of a tract
• By combining the duration of flooding from the simulation with the SVI from the 

CDC/ATSDR, a new vulnerability metric tells us which areas are at higher risk due 
to their socioeconomic characteristics and their dynamic hazard exposures  

From left to right, the figures above show the SVI from the CDC, the percentile rankings of the flooding 
duration from the simulation, and the SVI with the flooding duration incorporated as an additional theme.

Conclusions
• When looking specifically at short-term health outcomes following a hurricane, 

incorporating variables from the simulation helps to better understand adverse 
health outcomes during and after flooding. 

• The simulation features provide details that simply incorporating flooding or Earth 
Observation data does not, suggesting that understanding the movement of 
people and what risks they are exposed to increases our understanding of the 
short-term health risks

Traffic Module
• Simulates the movements of households during the evacuation process
• At the start of each tick, road network conditions and position of the household are 

updated
• The road network conditions are updated according to environmental 

conditions including rainfall and flooding
• Paths for each household are then determined based on these conditions and the 

current location of the household
• Households are moved along these paths for the entirety of the 15-minute interval

Simulation architecture
The figure on the left shows 
the changes in percentile 
rankings of the tracts when 
flooding exposure duration 
is added as an additional SVI 
theme.
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Results and Validation
• Information collected from the simulation and demographic data including age, 

race, ethnicity, and sex was used in Poisson regression models to predict daily 
emergency department visits. The ’Base’ model below includes all the variables 
except those computed from the simulation


