
Hurricane Evacuation Studies
Risk-based evacuation zone planning in the 

Rio Grande Valley and Coastal Bend

Douglas Wunneburger – HRRC
Walt Peacock – HRRC

Alexander Aduabara – HRRC
David Bierling – TTI 



Evacuation Zone 
Development Set Guidelines, Principles, 

Criteria, and Data
• Kick-off meeting and two workshops 

(Brownsville)
• Addressed actual zone and zone boundary 

development
• Brownsville,Raymondville, San Benito
• 80 attendees (57 unique attendees)
• 37 governmental and agency 

representatives



General Guidelines and Principles 

Life safety 

Storm Surge is key hazard 
driving zone development
• Although the generally high 

flooding potential should be 
considered and wind issues, 
particularly for mobile homes

Facilitate risk/warning 
communication
• Boundaries should be easily 

communicable and 
interpretable and make sense 
for EM decisions

Rejection of using storm 
categories (Cat. 1-5)

Based off HES 2013 study
• Three zones: A, B, & C

Strove for consensus 
decision making



Data Development and Vulnerability Analysis

• Assemble, integrate, clean, and generate data
• Develop GIS layers and build web-based GIS platform

– Rio Grande Valley Evacuation Study (2015)
– Coastal Bend Hurricane Evacuation Study (2018)

• Conduct vulnerability analysis
– Physical risk
– Socio-demographic factors
– Critical facilities
– Transportation infrastructure

https://texasatlas.arch.tamu.edu/rgv_hes
https://texasatlas.arch.tamu.edu/cb_hes


Principle data sources

The USACE’s new 
hurricane risk surge 

data

HRRC “generalized” 
USACE surge data

Topographical/imagery 
information Road network layers

Geospatial imagery 
data

Landscan population 
data

U.S. Census    
American Community 

Survey



Vulnerability Analysis and Data
• Physical risk

– Storm surge models
– Flood risk maps

• Socio-demographic
– Vulnerable populations and household 

estimates
– Job locations and employee residences
– Mobile homes, RVs
– Total vehicles to evacuate
– Property (residential, commercial, 

public)
– Social vulnerability tool set

• Critical facilities
– Health, schools, police, fire
– Hotels, seasonal rentals

• Transportation infrastructure
– Evacuation routes
– Recognizable geography



From Precise Surge to Evacuation Zone

Precise 
Category 5 
Surge

Aggregated 
Category 5 
Surge

Smoothed 
Category 5 
Surge

Smoothed 
Category 5 
Surge with 
Evacuation 
Zones



Socio-Demographic Factors
Field Name Description Count

SPHWC Single Parent Household with Children Households

CHILD Child Population under 5 Years Population

ELDER Elder Population 65+ Years Population

ELDERH Elder Households Households

ELDERPV Elder Households in Poverty Households

PTD Public Transportation Dependent Households Households

HUNOVEL Households with no Vehicle Available Households

VACHU Vacant Housing Units Housing Units

RENTER Renter Households Households

NONWHITE Non-White Population Population

YEAR1990 Housing Units Built before 1990 Housing Units

MOBILE Mobile Home Households Households

HUPV Housing Units in Poverty Housing Units

HUNOTEL Housing Units with no Telephone Service Available Housing Units

NOHS Less than High School Graduate Population 25+ Years Population

UNEMP Unemployed Population in Labor Force Population

SPENW Population Speaking English Not Well or Not at All Population



Population: 
Individuals, 
Households, 
and Vehicles

Absolute number and 
percent of county 

population in 
evacuation/risk 

zones.

Total estimated 
vehicles by 

households in 
each county’s 

highest 
evacuation/risk 

zone. 



-- Nueces: This is a 165% 
increase over residential 
vehicles potentially 
evacuating Zone A1. 

-- Nueces: When 
considering Zone A, 
vehicles for seasonal and 
hotel rentals represents a 
42% increase when 
considering residential 
vehicles.

Hotels and season rentals estimates



Mobile Homes

Presenter Notes
Presentation Notes
In this slide, three levels of uncertainty are represented. All three images are representations of mobile home distribution. On the left, mobile home density is mapped by block group. There is no expectation that these homes are evenly distributed throughout any particular block group; however, in the absence of other knowledge, they are mapped that way here. This is an example of a poorly defined aggregation of discrete objects.

In the second image, likelihood off the presence of mobile homes is presented in heat map form based upon larger scale information. In the third, points have been placed inside the footprints of mobile home dwellings as interpreted from aerial imagery. In this example, mobile home distribution has been treated as a field in which variation is considered to be continuous.

In the third, mobile homes are identified by a single point as discrete objects. Obviously, this representation is the most precise of the three; however, the cost of developing such a data set at statewide extent would be prohibitive. 



Critical Facilities layers
• EOCs
• Health Resources

– Hospitals
– Critical care facilities

• Nursing homes
• Child and day Care
• Schools

– Public
– Private 

• Emergency response 
agencies
– Police
– Fire
– EMS



Built Environment and Infrastructure

• Built environment
• Structures
• Residential

• Roadways
• Evacuation routes
• Surge impacted routes



GeoDesign in Planning
Design grounded in fact
• Holistic
• Iterative
• Multiscale

• Requires management of complexities 
while engaging stakeholder’s local 
knowledge

Risk Factors

Design Collaboration

Evacuation Plan

Presenter Notes
Presentation Notes
It has been said Geodesign can be thought about as “Design around Nature.” In our case, it is better thought of as Design based upon a foundation of natural and built factors. 

The GeoDesign process is:
Holistic
Iterative
Multiscale
Requires management of these complexities while engaging stakeholders’ local knowledge
Seek to transform existing conditions into a desired outcome. In the planning field, we also seek to pay heed to sustainability and social justice issues.
With relationship to geographic reasoning, we are analytical, empirical, and inductive.
In design, we seek to be prospective, and abductive while in search of new connections.
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