- 4

CAMBRIDGE SYSTEMATICS

T

" EBERERIE & 1) 7  {
| | - - L 4
g EEEN oy st A s
( "HENAT 0 24 2o g Al
ANAN A - il
v n ,',‘ N \- | - g ] — ‘I~ &‘l (= & | il
e i e L '
10 o g T

SNOW AND FLOODS AND
FIRES’ OH MY! COMPASS Educational Series Part?;e;;n;e;;;
- A CASE FOR REGIONAL "
T RAN S P O RTATI O N Suseel Indrair:;Z7AlCP

Principal, Practice Lead — Resilience and Sustainability

RE S I LI E N C E Cambridge Systematics

May 29, 2024



Cambridge Systematics

Planning + Modeling +
Operations Analytics

Over 50 Years of Insights through Innovation

» Founded in 1972
» 200+ staff in 12 nationwide offices
» Independent, employee owned

Resilience and Sustainability
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Presentation Overview

#» Risk and Resilience — Basics

# Assessing Risk and Resilience
» Assets and Hazards
» Examples

# Integrating into Regional Planning

» Recap and Q&A
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Discussion Objectives

@ (k3 «~

Orientation to Understanding of Sharing Lived Integrating into
Transportation Hazards and Experiences and Regional Planning
Resilience Potential Impacts Needs
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A Mentimeter

1 \What is a word or phrase that defines
what resilience means to you?

10 responses

impenetrable

g weather
@ being prepared

ability to bounce back

minimizing disruption




Impacts Across the US

Interstate 45 inundated during

: Rain, warm temperatures and
Hurricane Harvey, August 2017.

snowmelt-induced flooding across the
Midwest Flooding, 2019 (Nebraska)

Interstate 80 in Vacaville, Calif., Aug.
19, 2020. Source: AP Photo,

py 4
Courthouse News. pr A
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Regional Transportation Impacts and Disruptions
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Downtown Boise Flooding — Flash © valleyregiondltransitorg

Thunderstorm — June 2023 — Source:
Idaho Statesman

Interstate 84 Disruptions in March 2024
between Boise and Mountain Home
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Understanding and Defining Resilience

# Resilience or resiliency is the
ability to anticipate, prepare for, -)) ‘ ((-
and adapt to changing conditions
and withstand, respond to, and
recover rapidly from disruptions
(FHWA Order 5520)

RESILIENCE

2 Risk: The positive or negative effects t
of uncertainty or variability upon \ /
agency objectives. (23 CFR 515.5) D
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Frameworks for Assessment

Framework for Risk and Resilience Assessment for Highways
SET OBJECTIVES AND DEFINE SCOPE 5 Ml“bn;& Vision

Review mission Define Establish goals, Identify priority hazards <
g and vision resilience objectives, and measures with greatest impact g Goals & ?bjedms
= t)
= 4 g .. Standard Definitions
8] COMPILE DATA AND EVALUATE STUDY ASSETS CRITICALITY clE L ¢
% Compile data leveraging previous Asses.s c_riticality of -g
= Identify study assets studies and regulatory Ggro"cﬁgggggomgaﬂs':g;“;e g S Threat & Asset Characterization
g DL Operation, Health & Safety = .E % Th t Pair Selecti

= 5
8 . 4 ) = %
Z ASSESS SYSTEMWIDE VULNERABILITY AND RISK ~ E Criticality Assessment
< - ; m -
- .t\ssessf vulne;rablllty S Conildler . § = o _ — ._*— — =
E Identify hazards/threats Expos?.rr:sgeenssmwfy Likelihood, Consequence, gr?v?:(l;?:nrgn%emgﬁb Jic - o
E Adaptive Capacity Vulnerability health, Safety, Economic 3 ; r Vulnerability Assessment )
(U] " E-f Consequence Estimation
= DETERMINE ACCEPTABLE LEVEL OF RISK > I | &
> ) ‘ o = 0 ; Threat Probability Estimation
] Establish acceptable risk Incorporate stakeholder and Identify resilience needs and o pror] z
o thresholds community Inputs determine urgency > E @ +
u 2 o o :E’ Identification of Resilience Factors
6‘ ANALYZE ADAPTATION OPTIONS 8 .g (Robustness, Resourcefulness, Ropidity and Redundancy)
I Identify adaptation strategies Conduct project N = —
W Build upon measures identified in evaluation r;ﬁ::_:gz I?‘:lldrg\r:g::elzr?ts @) RISK & RESILIENCE ASSESSMENTS
é previous plans and studies Benefit and cost, equity, efc. P o
|_ P ——————————
L S ATE BECIIT- . ST z .
INCORPORATE RESULITS INTO'DECISION-MAKING g R&R Strategy Selection & Evaluation
it ; ; Coordinate with other 1 O
Incorporate resilience Conduct scenario planning X o < . 2 a_n =
strategies into existing o EEINE B G e _ pllan;ymg actl:ntles r : R&R Incorporation into Decision-making
regional programs different level of investment az%%’g;fgﬁﬁegﬁf‘ggmn' EREE
Source: Cambridge Systematics — Framework for Development of Resilience Source: NCHRP Report 1014: Developing a Highway Framework to Conduct an
Improvement Plans All-Hazards Risk and Resilience Analysis
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Assessing Vulnerabilities, Risk, and Resilience

Definition & Objectives

Hazard Identification & Asset Characterization

Identifying Resilience Needs and Determining Risk
Tolerance

Aqeyns g AjjigejieAy ejeq

Management & Integration Decisions

. i - ili >
Source: Cambridge Systematics — Framework for Development of Resilience g
Improvement Plans 4
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MPORTANCE

A Mentimeter

2.\Why is “planning for resilience” important to the residents of treasure

valley?
14 responses

Good planning We are growing Equity

Predictability To ensure that we have $$%
safe and accessible

options in case of
We have floods and emergencies. The growth in the area

fires is faster than how the
community can

Continued commerce respond.
Saves money on long
run

I'm an emergency you

Lougin to edit this Mentl

Financial responsibility

It keeps goods and
services flowing.

Life continues. Work
arounds needed.
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Assets — Tiering Approach

Disruption will cause
a regional Impact.

Roads, Bridges and
Bus Routes

Exposure, Sensitivity,
Adaptive Capacity

Disruption impact 1s
localized or minimal

Railroad Lines, County Trails,
Other Transportation Facilities,

Dams and Levees, Culverts,
Stormwater Infrastructure

Exposure Only

Essential Facilities

Integrated into crticality
score of Tier 1 assets

Schools, Shelters,
Hospitals, Fire Stations,
Police Offices,
Emergency Response
Center, Substations,
Other Transportation
Facilities.

Source: Critical Transportation Infrastructure Vulnerability Assessment, Ulster County, NY, Cambridge Systematics
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Example Hazards

Extreme
Temperature

Flood, Hail, Severe Snow/lce Storm,
Thunderstorm Severe Winter Storm

N
-
,q‘ T e
.-IL,I l
' \

/ s
Outbreaks, Epidemics,
Pandemics

Hazardous Material

Wind, Tornado Dam Failure Incident

|

Air Quality

=% Civil Disturbance,
Terrorism, Shooting

Policies, Politics,

Water Shortage Food Shortage and Misinformation

Source: Indianapolis MPO Resiliency Snapshot, Cambridge Systematics

» - / J
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Hazards — Treasure Valley — Current and
Future

Table 2-3. Hazards of Concern Assessed by Local Jurisdiction

Severe Storms

Earthquake | Flood (includes (includes wind,

Jurisdiction Avalanche | Drounht | [ Seiemic ram failural I andelide tnrmarn) Vaolcann | Wildfira
Ada County - A \ \ \ H N N
Adams County - - v y v = - o
Bannock County y - v \ v H _ H
Bear Lake County v - +f < \ H _ N
Benewah County - - + H N H _ H
Bingham County v H y H N H _ H
Blaine County y H \ H Y \ _ H
Boise County v - A H H \ _ \
Bonner County y - \ \ y H - H
Bonneville County y y \ H \ H _ H
: Boundary County v ' H H y H _ H
v = hazard asseas_ed Butte County ~ ~ y B B 3 ) -
H = assessed as high hazard ,
— = no assessed hazard [_Camas County Al H H H A H _ H
Source: IOEM 2023 Canyon County - y H 4 N H _ N

Source: ldaho Statewide Hazard Mitigation Plan
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Hazards — Local (Ada County)

Ada County &%

General Planning Area

General Planning Area

Ada County ii@

L
M

» Hazards
» Dam/canal failure
» Drought
» Extreme weather
» Flood
» Landslide
» Volcano (ash fall)
» Wildfire.

Figure 10-2

Lucky Peak Dam Failure
Inundation Area

Legend

Maximum Paal Inungation Araa
s B dem Sbery aczere whan

un:
Dun
= Interstats
—— Incerstate Mujor Road
nnnnnnnn - Rl
=+ Rail ‘Weatarbod
Waze: i Cos
e — DA 1D, T
AA, FEM, E

Source: Ada County Hazard Mitigation Plan
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Hazards — Regional
and Local Resources

» Hazard and Climate Resilience
Institute (HCRI) — Boise State
University

» Qverview
» How to prepare
» Local Resources

» How is this hazard impacted by a
changing climate?

Source: Boise State University
-
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Asset Characterization — Criticality - Example

Usage and . .
I
Importance

Access to Dam (1)

Evacuation Routes / Lifelines (2)

Equity Areas (4) Access to Fire or Police Stations (1)

Functional Class (2) Access to Hospitals (1)

Access to Schools (1)

AADT (2) Access to Emergency Shelters (1)

Population Density (3) Access to Power plants (1)

Freight Network (2)

Access to Transit Centers (1)

Access to Airport (1)

Northeast Corridor (1) Access to Seaports (1)

Employment Density (3) Access to Maintenance Facilities(1)

Broadband Network (1)

Access to Military Installations(1)

-l
- S
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Criticality Scoring Approach — Example

Local

Major Collectar 2

Roadway functional classification (UCTC) combining urban and rural roadway
classes.

Minor Arterial 3

Principal Arterial 4

0 facilities in a ¥-mile distance 0

1 to 2 facilities in a ¥%-mile
distance

Mumber of Essential Facilities within a ¥-mile distance from the road
|distance calculated is not network-distance, but crow-fly distance)

3 to 5 facilities in a %-mile
distance

=5 facilities in a ¥-mile distance 3

Evacuati Det
1if Yes, 0 otherwise Whether the roadway is an evacuation route
Transit Corridor 1if Yes, 0 otherwise Whether the roadway is a transit corridor

<=100; 1

FPopulation density normalized by network density to avoid any
disproportionate impact to rural areas/assets

[ o8]

Population Density 101 — 200;

= 201;

0-10%
Equity Areas 3 11% - 20%
21 % -35%

Bazed on the proportion of population with 3+ risk factors {m
Community Resilience Estimates (CRE) Data)

L e R T 5 |

Source: Critical Transportation Infrastructure Vulnerability Assessment, Ulster County, NY, Cambridge Systematics
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Assessing Risk

Consequences

Risk

Vulnerability

A

Probability

Exposure

Sensitivity

Adaptive Capacity

o /

» Arisk -based assessment should consider both the probability or likelihood that
transportation assets will experience potential impacts due to disruptions, and the

consequences of those impacts.

p 4
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Vulnerability

What is vulnerability
» Relative susceptibility

« Specific to hazards and assets pairs

Why consider vulnerability?
« Help identify resilience needs

VULNERABILITY IS A FUNCTION OF EXPOSURE,

SENSITIVITY, AND ADAPTIVE CAPACITY

Whether an asset or sysfem
is located in an area
experiencing direct effects i EXPOSURE
of current or future extreme

weather (FHWA, 2017).

’ o
Example _ J,r" H'x__

A bridge within category ./ \ _

3 storm surge zone I8 [ |
exposed fo storm surge
impact

" ADAPTIVE
SENSITIVITY CAPACITY

How the asset or system
fares when exposed to the
current or future extreme
weather (FHWA, 2017).

Example:

A road with poor pavement
condition is more sensifive o
flooding damage than those
with good pavement condition.

Dense street network in
downfown has higher
adaptaltive capacity than
dispersed roads in the
suburbs.

il
- S
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Elements of Vulnerability — Sample Indicators

Exposure

Roads: Inundation Depth

Bridges: Inundation Depth

Stormwater Pipes: Inundation of
pipes and outfalls

Stormwater Treatment Units:
Inundation of STU

Sidewalks and Shared use Paths:
Inundation Depth

Sensitivity

Roads: Pavement Condition

Bridges: BB Rating

Stormwater Pipes:
Last Cleaning Dates

STU: Inspection Scores

Sidewalks and Shared use Paths:
Condition

Adaptive
Capacity

Roads: Network Density

Bridges: Network Density

Stormwater Pipes: Pipe Diameter +
Position (up/downstream)

STU: Ratio of Catchment Size to
STU Volume

Sidewalks and Shared use Paths:
Network Density

il
- S
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Assessing Risk

Vulnerability Likelihood Consequence

Exposure Owner Cost to Repair
or Replace Assets

Sensitivity Probability of Events

User Cost of Time &
Vehicle Operation &

Adaptive Capacity R%“ealg';'/’g/e?gfrto

il
- S
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Prioritization

High Risk High Risk

High

Moderate Criticality High Criticality

)
ﬁ g Moderate Risk Moderate Risk
o 3 Low Ceriticality High Criticality
=
% Low Risk Low Risk
— Low Criticality Moderate Criticality
Low Moderate High

Criticality
30 CAMBRIDGE SYSTEMATICS



The 4Rs of Resilience

Robustness

the ability to withstand disaster forces \
without significant degradation or loss
of performance.

Resilience

Redundancy

Resourcefulness

satisfy functional requirements if
significant degradation or loss of
functionality occurs.

Function

Rapidity

Resourcefulness
the ability to diagnose and prioritize

A

Robustness

<«

problems and to initiate solutions by " : o
0 1

identifying and mobilizing resources;
Time

Source: Original graphic; based on Simonovic, S. P., and Arunkumar, R. (2016), Comparison of static
and dynamic resilience for a multipurpose reservoir operation, Water Resour. Res., 52, 8630—-8649,

doi:10.1002/2016WR019551.

the capacity to restore functionality,
contain losses, and avoiding
disruptions.

» - / J
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Flat Tire Analogy

Resourcefulness

* Towing
(AAA/Insurance)
Redundancy * Inflator

» Spare Tire
e Another Vehicle in
the Household

<«— Redundancy

Resourcefulness ——»

e
B
=4
-'H.-_'
- *a
-1
vl

Rapidity

* Scheduling and

Repair
E » Time-of-day
¢ Considerations
o A Robustness
0]
21 . 1 n
A Rapidity
= 0 Maintenance and >
gl Age
* Run-flat or puncture
to resistant tires tr

CAMBRIDGE SYSTEMATICS y 4



LOCAL KNOWLEDGE

4. List some known areas/facilities that are
impacted by these stressors from your

lived/recent experiences.
16 responses

“ Mentimeter

Sidewalks Foothills = -84 Greenbelt
fires flooding
Greenbelt Bridges
Greenbelt crossing the Snow on

Login to edit this Mentl

_

- / 4
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COMMUNITY FUNCTIONS A Mentimeter

1. What core/basic needs would be impacted
due to the disruptions we discussed?
(Examples: access to groceries, medical

appointments)
11 responses

Emergency Military Evacuations Access to
responders functions schools,
access to
Fire aaencv fmiiind ~mAb~

Login to edit this Mentl

-l
-~/ 4
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Incorporation into Regional Planning

Project

Screening Project

Design and

e Development

Prioritization

-l
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Discussion Objectives

@ (k3 «~

Orientation to Understanding of Sharing Lived Integrating into
Transportation Hazards and Experiences and Regional Planning
Resilience Potential Impacts Needs

CAMBRIDGE SYSTEMATICS y 4
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2> Contact Information

‘ Thank You!

Suseel Indrakanti, AICP

Principal and Practice Lead — Resilience
and Sustainability
sindrakanti@camsys.com

Cambridge Systematics

41 CAMBRIDGE SYSTEMATICS y 4
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Major Disasters and Disruptions — US and ldaho

U.S. 2023 Billion-Dollar Weather and Climate Disasters

(@ Hail 6 Huricane gy Severe Weather @) Tomado Outbreak () Wildfre Winter Storm/Cold Wave

@ Drought/Heat Wave €3 Flooding

North Central and

Eastern Severe Weather > Central Tornado Outbreak and

July 28-29 W Eastern Severe Weather Northeastern Winter
Rockies Hail Storms, Central Minnesota Hail Storms Central and Eastern March 31-April 1 Storm/Cold Wave
and Eastern Severe Weather August 11 Severe Weather Northeaster Flooding and February 2-5

June 21-26 April 4-6

North Central and

North Central Severe Weather
Southeastern
Severe Weather

July 9-15 \
**C* *%3 July 19-21
East Coast Storm
and Flooding
@ December 16-18

————————e Northeastern and
Eastern Severe Weather

August 5-8
\ Southern and Eastern

California Flooding
January-March

Central and Eastern Q

Tornadoes and Hail Storms @
May 10-12

——@ Typhoon Mawar Guam Severe Weather
May 24-25 March 2-3
Central and Southern Severe Weather Southern and Eastern
June 15-18 — Severe Weather
Central Severe Weather 9 March 24-26
April 19-20 . "
Southern Hurricane Idalia
August 29-31
Seve/[\%x}lggt_hg Southern/Midwestern Contral Sovere Weath FortL o Floud
Hawaif Firestorm @—— Texas '-I\I/'Kla” 1“;”;‘; Spring-Fall | Southern y pril 12-13
August8 e Southern Severe Weather Severe Weather Central Severe Weather ff‘ % ‘@'
Southern Hail Storms September 23-24 June 11-14 April 15 May 6-8 Ny

This map denotes the approximate location for each of the 28 separate billion-dollar weather and climate disasters that impacted the United States in 2023.

B Drought Count
W Wildfire Count
24

Number of Events

Idaho Billion-Dollar Disaster Events 1980-2024 (CPI-Adjusted)
B Flooding Count B Freeze Count

— Combined Disaster Cost

— 5-Year Avg Costs

B Winter Storm Count

}| I |\ / |l

SN
AR\ A

——
11V

0 f
1980 1982 1984

Updated: May 8, 2024

1986 1988 1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010

B Severe Storm Count

, \
| |
(WA
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Tropical Cyclone Count
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