Evacuation approaches, vulnerability
assessment, and studies

Status of existing and planned work
* Short presentations by Wood, Nicolsky, and Allen
* Necessary areas for future research? Collaborative opportunities?

NTHMP Evacuation Resource Webpage
* Template to summarize work?

MES Evacuation Planning Goals for 2018-2022 Strategic Plan

* Current guidelines:
* MMS - tsunami inundation mapping
* MES - tsunami evacuation mapping
* Need for MMS/MES - tsunami evacuation-modeling?

Presentation on modeling-results access (K Henry)



Categories of evacuation studies

Agent-based model

To track individual movement
along road network to safe point

Focus on individuals or cars

Good for specific scenario and
likely congestion

L east-cost-distance model

To map travel times to safe zone by
calculating “costs” due to varying land

Focus on evacuation landscape

Good for overall insight, mixed
populations, and varied landscape
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International Journal of Disaster Risk Reduction 18 (2016) 41-55
Pedestrian flow-path modeling to support tsunami evacuation
and disaster relief planning in the U.S. Pacific Northwest

Nathan Wood **, Jeanne Jones”, Mathew Schmidtlein€, John Schelling, Tim Frazier
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Effect of departure delay on travel speeds

Minimum travel speed to reach
safety (meters per sec)

[ Impaired adult (0.89)
[ Slow walk (1.10)

Bl Fast walk (1.52)

B Slow run (1.79)

Bl Fastrun (3.85)

| (a) 25 minutes available for evacuation

20 -
S 1\
c !;f«' 2
I b B
2250 Dy :
¥ N
| r J 1 /1 P -
I Not in hazard zone — i1y (’:_?:.__.\
[ Tsunami-hazard zone \

[ Water

4 (b) 20 minutes available for evacuation

_ “'F

N

=

[y n
i

4

il

Number of facilities Number of people

Number of residents

4000

Population demand
at assembly areas

3000+

2000+

1000 -

1

Residents Il
Employeees I

2 3 4 5 6 7 8 9 10 11 12 13 None

Assembly Area

1

Public venue [
Dependent-care facility []
Community business [

10 11 12 13 None

7 8 9
Assembly Area

2 3 4 5 6

1

Under 5 years in age []
Over 65 years in age [

10 11 12 13 None

7 8 9
Assembly Area

2 3 4 5 6



Population
on major
pathways

Potential
for
blocked
routes due
to
landslides

— Kilom

0 Assembly area

[ Not in hazard zone

[ | Official walking evacuation route
Tsunami-hazard zone

Water

Combined population on road

—— Less than 200

[ ]200-399

[[771400 - 599

71600 - 799

I 300 - 999

I 1,000 - 1,587

2 Evacuation

Evacuation_ Evacuation:
Basin 1 - Basin 3

€ Assembly area

% Bridge
Evacuation basin boundary

I L andslide hazard (medium to high potential)
=_> Primary route to assembly area

[P0 Tsunami hazard zone

Evacuation
Basin 5

Young
... Streat
s | -*Erldge

x 104

4

-Evacuation
““Basin 8 .
< i -Evacuation
4o BasiD
Evacuation:  Evacuafion X
Basin Basin'
6 it

. el
N

¢ Chehaljs"River Bridge

We
,‘\—\'.':.\\\ Evacuation

e Basin 12

Evacuation Evacuation
Basin 11 Basin 13



Nat Hazards
DOI 10.1007/s11069-016-2469-8

Intra-community implications of implementing multiple

tsunami-evacuation zones in Alameda, California
Jeft Peters' - Nathan Wood® * Rick Wilson® - Kevin Miller?
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American Samoa

Modeling landscape changes to improve pedestrian evacuation potential

» Pedestrian-evacuation modeling with
current landcover and then hypothetical
cuts into the forests up to safety

» Focusing on where to possible create new
evacuation pathways
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Projected changes in community
exposure to tsunami hazards in the U.S.
Pacific Northwest based on a future

G Jurisdiction in study
Land-use/land-cover class
[ water
[ Developed
- Mining
[ Barmen
I Forest/woodland
[ Grass/shrubland
[ Agriculture
[ Wetlands

development scenario

"l WASHINGTON
1. Bellingham
2. Whatcom Co.

| 5. Anacortes
6. La Conner
i 7. Skagit Co.
8. Island Co.
1| 9. Jamestown S'Klallam IR
] 10. Sequim
| 11. Port Angeles
| 12. Lower Elwha IR
13. Makah IR
14. Quileute IR
| 15. Clallam Co.
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| OREGON
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68. Curry Co.

CALIFORNIA
at#s2] 69. Crescent City
"1 70. Del Norte Co.
71. Trinidad
| 72. Arcata
73. Eureka
e 74. Humboldt Co.
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Community disruptions and business costs

for distant-tsunami evacuations using
maximum Vversus scenario-based zones
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Facilities with

vulnerable populations

1 Adult residential care and services (38)
[ Child day care and services (44)

I Correctional institution (4)

[ Medical center (7)

M K-12 school (60)

Evacuation coordination
I Public safety office (32)




USGS tsunami-evacuation modeling to date

Completed

 U.S. Pacific Northwest coast (Cascadia)

« California — Alameda (published), Balboa Island (in review)

e Bay Farm Island (vehicular) — in review

« Some Alaskan communities (Cordova, Kodiak, Seward, Valdez, Whittier)
e Statewide analysis of community impacts related to playbooks (in review)

Underway
« Oahu (initial modeling complete, vehicular underway)
* Projected changes in community exposure to Cascadia tsunamis (in prep)

2017 plans

* American Samoa - opportunities for nature-based mitigation
e California coast - regional assessment of evacuation potential
« Optimization research for VE siting



Group discussion

* Necessary areas for future research?

* NTHMP Evacuation Resource Webpage
* Template to summarize work?

* MES Evacuation Planning Goals for 2018-2022 Strategic
Plan

* Current guidelines:
* MMS - tsunami inundation mapping
* MES - tsunami evacuation mapping
* Need for MMS/MES - tsunami evacuation-modeling?

* Presentation on modeling-results access (K Henry)

* Where do we go from here?



Suggested Guidelines and Resources for
Tsunami Evacuation Modeling

Introduction and Purpose
Types of approaches — community based, least cost distance, agent-based

Modeling guidance Mapping guidance

* Model data sensitivity * Maps

* Populations — types, distributions, scenarios * Travel time to safety?

* Mode — pedestrian, vehicular, shuttle *  Minimum travel speeds?

* Travel speed * Evacuation basins?

* Evacuation landscape - roads only vs. full landcover * Potential VE sites?

* Barriers — fences, water bodies, ground failures * Graphs

* Wave arrival considerations — single time, variable * Distribution of people as a function
* Evacuation delays (eq, human behavior of travel time to safety

* Population demand at assembly
areas

* Vertical-evacuation siting
* Approaches to model verification
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