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Outline of Presentation

• Introduction and welcome (Kyle)
• Please sign in via the chat (name, organization, and email)

• Evacuation and Sheltering Behavioral Analysis (David)
• Review of Evacuation Scenarios (Walt)
• Discussion of Transportation Analysis Process (Darrell)
• Summary of Clearance Times (Darrell)
• Evacuation Clearance Animations and Clearance curves (Doug 

and Walt)
• Questions (Kyle and Walt)



Evacuation and Sheltering Behavior

• Evacuation participation, motivations
• Sheltering demand estimates
• Evacuation response timing
• Evacuation destinations, corridors
• Vehicle use
• Estimates for transportation models



Evacuation participation, motivators
• Receive official warnings about hurricane evacuations
• Observing peers evacuating
• Mobile home resident
• Hurricane risk area resident
• Observing environmental cues about impacts
• Observing businesses closing
• Expected storm intensity
• Expected disruptions to services 
• Expected wind risk
• Expected storm surge risk
• Expected flooding risk
• Expected casualties
• Evacuation recommendations from local 

officials/authorities
• Expected proximity of landfall



Sheltering demand estimates



Evacuation response timing



Evacuation destinations



Estimates for transportation models
• People per vehicle: 2.0
• Percent of vehicles towing a trailer: 11%
• % of evacuees to internal shelters: 0%
• Percent of population using public transit: 0%
• Percent of population as pedestrians: 0%
• Shorter population response time: 12-hours
• Longer population response time: 2-day, day one 

(6am – 8pm) 70% & Day two (6am – 12pm) 30%



Southeast Texas Hurricane Evacuation Study: Evacuation Scenarios
General goal in scenario Development

• Capture likely evacuations scenarios for regional 
clusters of counties in the Southeast Texas 
Hurricane Evacuation Study Area

• Including adjacent areas along the Texas and 
Louisiana coasts

• We have deviated from our three initial planning 
areas of Upper, Middle, and Lower regions given:

• likely evacuation calls across the area;
• how evacuees may flow from and through counties 

in the study area; and
• potential evacuee flow from adjacent counties and 

parishes outside the SE HES study area
• The final regions are: 

1. Upper/Middle: a combined upper & partial middle – 
Newton, Jasper, Hardin, Liberty, Chambers, and 
Galveston

2. Middle/Lower: a combined middle & partial lower – 
Liberty, Chambers, Galveston, Harris, and Brazoria.,

3. Lower/Coastal Bend: a combined lower & partial 
Coastal Bend – Brazoria, Matagorda, Jackson, 
Victoria, and Calhoun.

Calhoun

SE HES’s Original Planning Areas



Review of Evacuation Scenarios
1) Run a series of Baseline and Special Scenarios using RtePM that will 
provide local stakeholders with a range of likely clearance times given 
potential evacuation events

• Baseline: provide range of evacuation times given different surge 
events (limited, moderate, significant, & major)

• Special: provide potential evacuation times bases on special 
situations and additional considerations.

2) Variable assumptions:
• Response times 

• 12-hour 
• 2-day -- 70% day 1 and 30% day 2

• Start time: approximately sun-up to sundown
• Varying participation rates by zones

• Increasing rates for evacuation zones called based on surge risk
• Increasing rates for shadow evacuation area (zones & outside)

3) Constant assumptions:
• Seasonal populations included as part of residential populations 

(i.e., without early calls)
• No adjustments to background traffic or traffic incidents
• No early or special calls for mobile home residents or phasing

4) Total of 88 final scenario runs.



4 Baseline Evacuation 
Scenario sets 

Scenario set one 
(limited surge event) 

Scenario set four 
(major surge event) 

Scenario set two 
(moderate surge event)

Scenario set three 
(significant surge event) 

40, 70, & 100%
10%

40, 70, & 100%

10%

20%

40, 70, &100%

30%

20% for out of zone areas

70% & 100%

30% for out of zone areas

Each scenario set will be run at two response times
• - 12-hour response time
• - 2-day response time (70% day 1 & 30% day 2)
All Scenarios will assume
• - Seasonal population included at full occupancy for each zone
• - No special calls for mobile home residents or phasing.
• - Background traffic and traffic incidents not adjusted

Scenario one set: Coastal Zones, at 3 
participation rates (40%, 70%, and 
100%), with 10% shadow evacuation 
for Zone A, and run for 12-hour & 2-day 
(70/30) response times.  (6-runs)    

Scenario two set: Coastal & A Zones, 
at 3 participation rates (40%, 70%, and 
100%) with shadow evacuation for 
Zone A & B at 20% & 10% respectively 
and run for 12-hour and 2-days (70/30 
response times.  (6 runs)  

Scenario three set: Coastal, A, & B 
Zones at 3 participation rates (40%, 
70%, & 100%) with shadow evacuation 
for Zone C at 30% & 20% for out of 
zones and run for 12-hour and 2-days 
(70/30) response times. (6-runs)    

Scenario four set: Coastal, A, B, & C 
Zones, at 2 participation rates (70% & 
100%) with 30% shadow evacuation 
rate for out of Zone areas and run for 
12-hour and 2-days (70/30) response 
times.  (4-runs) 

Baseline Scenarios will provide a range of clearance times for four 
different surge events with varying participation rates, and varying 
participation rates.

• Surge Event Baseline Scenario sets (4):
• Limited: Coastal Zone
• Moderate: Coastal and Zone A
• Significant: Coastal and Zones A & B
• Major: Coastal and Zones A, B, & C

• Varying participation rates 
• Limited  Significant: 40%, 70%, & 100%
• Major: 70% & 100%
• Shadow evacuation rates increase with surge events

• Including adjacent zones AND areas outside zones
• Participation rates 10% - 30% 

• Response times:
• 12-hour 
• 2-day -- 70% day 1 and 30% day 2

• Minimum of 22 baseline scenarios run for three sub-regions
• Providing a range of clearance times for each

• Surge event / evacuation call
• Given different participation rates
• Response times

• Special Scenarios
• Upper/middle region with two of Louisiana's parishes (+10 runs)
• Full Southeastern Regional evacuation call (+5 runs)
• Middle/lower Region:

• Evaculanes for Scenarios 3 & 4 (2-day response) for middle region (+5 runs)
• Evaculanes and Contra-flow for scenario 4 (2-day), middle region (+2 runs)

• Total final runs: 66 baseline + 22 special = 88 runs



Upper/Middle Region 
Baseline Evacuation Scenarios 

Scenario one 
(limited surge event) 

Scenario four 
(major surge event) 

Scenario two 
(moderate surge event)

Scenario three 
(significant surge event) 

40, 70, & 100%
10%

40, 70, & 100%

10%

20%

40, 70, &100%

30%

20% for out of zone areas

70% & 100%

30% for out of zone areas

1. Each scenario set will be run for two response times
• - 12-hour response time
• - 2-day response time (70% day 1 & 30% day 2)
2. All Scenarios will assume
• - Seasonal population included at full occupancy for each zone
• - Background traffic and traffic incidents not adjusted
3. A total of 22 baseline scenarios for the Upper/middle Region

Scenario one set: Coastal Zones, at 3 
participation rates (40%, 70%, and 
100%), with 10% shadow evacuation 
for Zone A, and run for 12-hour & 2-day 
(70/30) response times.  (6-runs)    

Scenario two set: Coastal & A Zones, 
at 3 participation rates (40%, 70%, and 
100%) with shadow evacuation for 
Zone A & B at 20% & 10% respectively 
and run for 12-hour and 2-days (70/30 
response times.  (6 runs)  

Scenario three set: Coastal, A, & B 
Zones at 3 participation rates (40%, 
70%, & 100%) with shadow evacuation 
for Zone C at 30% & 20% for out of 
zones and run for 12-hour and 2-days 
(70/30) response times. (6-runs)    

Scenario four set: Coastal, A, B, & C 
Zones, at 2 participation rates (70% & 
100%) with 30% shadow evacuation 
rate for out of Zone areas and run for 
12-hour and 2-days (70/30) response 
times.  (4-runs) 

Red circles indicate 
counties included in 

these scenarios. 

Population estimates for Upper/Middle 
Baseline Scenario

Zone Individuals Vehicles Seasonal

Coastal 149,730 105,475 9,358 

Zone A 341,256 252,845 4,107 

Zone B 127,272 84,972 2,363 

Zone C 153,795 106,439 3,184 

Outside 147,219 102,386 1,044 

Totals 919,272 652,117 20,056 

Upper/Middle Region
Counties with red circles



Upper/Middle Region: 
Special Scenario 

2. Major surge event 

1. Significant surge event 

40, 70, & 100%

30%

20% for out of zone areas

70% & 100%

30% for out of zone areas

25% for assumed participation rates 
for LA zones, moving west into Texas

25% of assumed participation rates  LA 
zones, all moving west into Texas

Cameron

Calcasieu

1. Each scenario set will be run for two response times
• - 12-hour response time
• - 2-day response time (70% day 1 & 30% day 2)
2. All Scenarios will assume
• - Seasonal population included at full occupancy for 

each zone
• - Background traffic and traffic incidents not adjusted
3. Evacuation from Louisianna will be constrained to
    25% of assumed participation rates moving west from
    the two zones and shadow.  
4. Total of 10 runs

Significant Surge sett: Coastal, A, & B Zones 
(40%, 70%, & 100%);shadow evac. for Zone C 
at 30% & 20% for outside zones; &  12-hour 
and 2-days (70/30) response times. (6-runs)    

Major Surge Scenario: Coastal, A, B, & C 
Zones at  70% & 100% with 30% shadow 
evacuation rate  outside zones;  12-hour and 2-
days (70/30) response times.  (4-runs) 

Red circles indicate 
counties and parishes 

included in these 
scenarios. 

Population estimates for Special Upper/Middle 
Scenario

Zone Individuals Vehicles Seasonal*
Coastal 16,020 11,247 70 
Zone A 285,618 194,686 2,703 
Zone B 97,907 63,851 2,326 
Zone C 153,795 106,439 2,899 
Outside 232,735 161,076 1,366 

Totals 786,075 537,299 9,364 



Middle/Lower Region
 Baseline Evacuation Scenarios 

Scenario one 
(limited surge event) 

Fourth scenario 
(major surge event) 

Scenario two 
(moderate surge event)

Third scenario 
(significant surge event) 

40, 70,& 100%
10%

40, 70, & 100%

10%

20%

40, 70, & 100%

30%

20% for out of zone areas

70% & 100%

30% for out of zone areas

1. Each scenario will be run for two response times (22 runs)
• 12-hour response time
•  2-day response time (70% day 1 & 30% day 2)

2. Scenarios 3 & 4 will be run with/without evaculanes for 2-day response (+5 runs)
3. Scenario 4 will be run with/without evaculanes & contra flow for 2-day resp. (+2 runs)
All Scenarios will assume

• Seasonal population at full occupancy for each zone
•  Background traffic and traffic incidents not adjusted

4. A total of 29 runs for the Upper/middle Region

Scenario one set: Coastal Zones, at 3 
participation rates (40%, 70%, and 
100%), with 10% shadow evacuation 
for Zone A, and run for 12-hour & 2-day 
(70/30) response times.  (6-runs)    

Scenario two set: Coastal & A Zones, 
at 3 participation rates (40%, 70%, and 
100%) with shadow evacuation for 
Zone A & B at 20% & 10% respectively 
and run for 12-hour and 2-days (70/30 
response times.  (6 runs)  

Scenario three set: Coastal, A, & B 
Zones at 3 participation rates (40%, 
70%, & 100%) with shadow evacuation 
for Zone C at 30% & 20% for out of 
zones and run for 12-hour and 2-days 
(70/30) response times. (6-runs)    

Scenario four set: Coastal, A, B, & C 
Zones, at 2 participation rates (70% & 
100%) with 30% shadow evacuation 
rate for out of Zone areas and run for 
12-hour and 2-days (70/30) response 
times.  (4-runs) 

Red circles indicate 
counties included in 

these scenarios. 

Population estimates for Middle Baseline Scenario
Zone Individuals Vehicles Seasonal

Coastal 158,596 113,032 9,995 
Zone A 235,816 183,244 3,167 
Zone B 422,631 299,717 6,410 
Zone C 993,225 645,346 12,825 
Outside 3,821,076 2,500,172 69,342 

Totals 5,631,344 3,741,511 101,739 

Middle/Lower Region
Counties with red circles



Scenario one 
(limited surge event) 

Scenario four 
(major surge event) 

Scenario two 
(moderate surge event)

Scenario three 
(significant surge event) 

40, 70, & 100%
10%

40, 70, & 100%

10%

20%

40, 70, & 100%

30%

20% for out of zone areas

70% & 100%

30% for out of zone areas

1. Each scenario will be run for two response times
- 12-hour response time
- 2-day response time (70% day 1 & 30% day 2)
2. All Scenarios will assume
- 100% participation for STPNP
-  Background traffic and traffic incidents not adjusted
3. A total of 22 baseline scenarios for the Lower Regional

100% 100%

100% 100%

Scenario one set: Coastal Zones, at 3 
participation rates (40%, 70%, and 100%), 
with 10% shadow evacuation for Zone A, and 
run for 12-hour & 2-day (70/30) response 
times.  (6-runs)    

Scenario two set: Coastal & A Zones, at 3 
participation rates (40%, 70%, and 100%) 
with shadow evacuation for Zone A & B at 
20% & 10% respectively and run for 12-
hour and 2-days (70/30 response times.  (6 
runs)  

Scenario three set: Coastal, A, & B Zones 
at  40%, 70%, & 100% participation rates 
with shadow evacuation for Zone C at 30% 
& 20% for out of zones and run for 12-hour 
and 2-days (70/30) response times. (6-runs)    

Note: including 
Calhoun and Victoria 

Counties from Coastal 
Bend HES

Scenario four set: Coastal, A, B, & C Zones, 
at 2 participation rates (70% & 100%) with 
30% shadow evacuation rate for out of Zone 
areas and run for 12-hour and 2-days 
(70/30) response times.  (4-runs) 

Red circles indicate 
counties included in 

these scenarios. 

Population estimates for Lower Baseline Scenario
Zone Individuals Vehicles Seasonal

STPNP 3,333 3,187 137 
Coastal 38,685 29,184 1,705 
Zone A 9,730 6,675 3,850 
Zone B 155,742 115,750 2,323 
Zone C 231,979 163,175 2,510 
Outside 104,919 72,034 2,219 

Totals 544,388 390,005 12,744 

Lower/Coastal Bend Region
Counties with red circles

Lower/Coastal Bend Region
 Baseline Evacuation Scenarios 



Special Full Northeastern Region+ 
Evacuation Scenarios 

Significant Surge Scenario 

40, 70, & 100%

30%

20% for out of zone areas

Significant Surge Scenario set: Coastal, A, & B Zones at  40%, 
70%, & 100% participation rates with shadow evacuation for 
Zone C at 30% & 20% for out of zones and run for 12-hour and 2-
days (70/30) response times. (3runs)    

70% & 100%

30% for out of zone areas

100%

Major Surge Scenario set: Coastal, A, B, & C Zones, at 2 
participation rates (70% & 100%) with 30% shadow evacuation 
rate for out of Zone areas and run for 12-hour and 2-days (70/30) 
response times.  (2-runs) 

Major surge Scenario 

1. Scenario will be run assuming 2-day response time 
• (70% day 1 & 30% day 2)
2. All Scenarios will assume
• - 100% participation for STPNP
• - Seasonal population at full occupancy for each
• - Background traffic and traffic incidents not adjusted
• - Evaculane and contra flow active
3. A total of 5 full regional scenarios will be run. 

100%

Red circles indicate 
counties included in 

these scenarios. 

Population estimates for Special Full Evacuation Scenario
Zone Individuals Vehicles Seasonal

STPNP 3,333 3,187 137 
Coastal 188,415 134,659 11,063 
Zone A 379,531 281,778 9,175 
Zone B 467,564 333,832 8,256 
Zone C 1,144,815 749,777 16,814 
Outside 4,016,287 2,638,852 72,519 

Totals 6,199,945 4,142,085 117,964 



Southeast Texas Hurricane Evacuation Study
Transportation Analysis

Why is the transportation analysis needed?

To provide estimated clearance times for the regions based upon a 
variety of scenarios that can be used by emergency managers for 

evacuation planning.



RtePM  Real time evacuation Planning Model

• “Cloud-based” software

• Model includes the street network
• ** Allows for modifications, closures, shoulder lanes, contraflow

• Population totals from latest census data
• Daytime & Nighttime
• Seasonal populations can be added

• Behavioral analysis can be used to better define evacuating traffic

• Evacuation Zones imported as shapefiles – customize each zone
• Population adjusted as needed
• Percentage of population evacuating
• Response time [12-hours and over 2-days]

• RtePM clearance time = estimated time for the last car to reach EndPoint

• Results can also be exported in GIS formats to do additional analysis



RtePM  Steps, Procedures, Issues

1. Import Zone Shapefiles
2. Adjust zone populations to match Atlas values + include 

seasonal
3. Input specific settings to be used for each zone
4. “Build” road network including location of EndPoints
5. “Vett” the network to assure that all population blocks are 

connected to the road network – multiple runs of RtePM for each 
region necessary to complete this effort

6. RtePM down time
7. Initially did not “weight” the EndPoints – results did not look 

reasonable  completed weighting process to better match 
evacuation destinations as seen in behavioral analysis



Preliminary Results 
– Lower Region

Brazoria, Matagorda, Jackson, Calhoun*, Victoria*



Preliminary Results 
– Upper-Middle 
Region

Newton, Jasper, Hardin, Orange, Jefferson, Liberty, 
Chambers, Galveston



Preliminary Results 
– Middle-Lower 
Region

Liberty, Chambers, Galveston, Harris, Brazoria



Preliminary Results 
– Upper-Middle 
Region Special

Newton, Jasper, Hardin, Orange, Jefferson, Liberty, 
Chambers, Cameron Parish, Calcasieu Parish



Preliminary Results 
– Special Full 
Regional 

Newton, Jasper, Hardin, Orange, Jefferson, Liberty, 
Chambers, Galveston, Harris, Brazoria, Matagorda, 
Jackson, Calhoun*, Victoria*



Example of Evacuation Scenario 
Scenario: Lower region, significant surge event, 

12-hour response, 
100% participation rates for Coastal, Zone A, & Zone B, 

30% for Zone C and 20% out of Zones. 



Example of Zone Clearance Times by County

Scenario: Middle/Lower Region, Significant Surge Event, 12-hour response, 100% participation 
rates for Coastal, Zone A, & Zone B, with 30% for Zone C and 20% out of Zones if applicable. 



Example of Zone Clearance Times by County

Scenario: Middle/Lower Region, Significant Surge Event, 12-hour response, 100% participation 
rates for Coastal, Zone A, & Zone B, with 30% for Zone C and 20% out of Zones if applicable. 



Example of Zone Clearance Times by County

Scenario: Middle/Lower Region, Significant Surge Event, 12-hour response, 100% participation 
rates for Coastal, Zone A, & Zone B, with 30% for Zone C and 20% out of Zones if applicable. 



Example of Zone Clearance Times by County

Scenario: Middle/Lower Region, Significant Surge Event, 12-hour response, 100% participation 
rates for Coastal, Zone A, & Zone B, with 30% for Zone C and 20% out of Zones if applicable. 



Questions?

Project website: Atlas website:



Contacts
• USACE Galveston District

• Kyle Donlevy: kyle.a.donlevy@usace.army.mil
• Gerald Gains: gerald.d.gaines@usace.army.mil

• Overall, HES Re-Study Manager and 
coordination

• FEMA Region 6
• Arianne Thomas: 

arianne.deruise@fema.dhs.gov
• HES input and technical support

• Texas Division of Emergency Management, 
Regions 3 & 4

• Blake White: blake.white@tdem.texas.gov
• Michael Bradberry: 

michael.bradberry@tdem.texas.gov
• HES oversight, input and technical support, 

coordination with county, local, & regional 
government, agencies, and stakeholders.

• Texas A&M HRRC and TTI
• Conducting vulnerability, behavioral, shelter, and 

transportation analysis and providing technical assistance.
• Walt Peacock: peacock@tamu.edu

• Overall team management, coordination, and 
data analysis

• David Bierling: d-bierling@tti.tamu.edu
• Overall team management, coordination, and 

data analysis
• Doug Wunneburger: dwunneburger@arch.tamu.edu

• GIS and data development and analysis, 
website development 

• Darrell Borchardt: d-borchardt@tti.tamu.edu
• Transportation scenario development and 

analysis
• Alexander Abuabara: aabuabara@tamu.edu

• GIS & data development and analysis and 
website development and maintenance  

Project website: Atlas website:

mailto:kyle.a.donlevy@usace.army.mil
mailto:gerald.d.gaines@usace.army.mil
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