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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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Session Overview

» Recap from Public Meeting

» Risk and Resilience — Basics
» Making the Business Case and Communicating It

» EXxercise

» Overview and Rules
» Table Presentations
» Voting

+ Recap and Closing
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Workshop Obijectives

Making the
Business Case for
Resilience

Applying Risk and

Communicating the

|
Case Have Fun!

Resilience Basics
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FIME

resilience means to you?

10 responses

impenetrable
minimizing disruption
being prepared tough
ability to bounce back

adaptability
weather

strong

adaptabilty




IMPORTANCE

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

Good planning We are growing Equity Financial responsibility
Predictability To ensure that we have $$% It keeps goods and
safe and accessible services flowing.
options in case of
We have floods and fires emergencies. The growthin the areais
faster than how the Life continues. Work
community can respond. arounds needed.
Saves money on long run Continued commerce

I'm an emergency you
have to use the roads to

resnond

Q O
1 J-1
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?Which stressors come to your mind when you think
about the need for transportation resilience in the
treasure valley?

22 responses

infrastructure
O wildfires  wild fires
2

E ' heat

earthquakes fire O 2
E = 9
2935 3
snow and ice 5 e 5
> -
8

8
il -

9 CAMBRIDGE SYSTEMATICS i




LOCAL KNOWLEDGE

4. List some known areas/facilities that are impacted by these stressors from your
lived/recent experiences.
16 responses

Sidewalks Foothills = fires -84 Greenbelt flooding
Greenbelt Greenbelt east of VMP Bridges crossing the river. Snow on neighborhood
Gary Lane streets, lack of storm
drains equals flooding
Homes on the edge of Water mains bursting
town Road to mccall
Flooding in neighborhoods
Can't drive to work
Potholes caused by ice (neighborhood snow) Greenbelt

Couldn't get out of the
driveway to go anywhere

o O
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COMMUNITY FUNCTIONS

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

Emergency responders Military functions Evacuations Access to schools, access
to tourist spots
Getting to work Access to whateveris on Fire agency
the other side of the Medical care
disruption.
Can't drive to work Amazon deliveties

(neighborhood snow)

Senior homes (those who
need medical care or

simply socialization)

(8
ik 2
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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 Dlsruptlons

— = gl o T ool gl GLOBA ‘H
Downtown Boise Flooding — Flash - mPa | .Vﬂ"evreglonﬂ"rﬂnsmg 208-3.
Thunderstorm — June 2023 — Source: . g
Idaho Statesman

Interstate 84 Disruptions in March 2024
between Boise and Mountain Home

p 4
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Understanding and Defining Resilience
+

# Resilience or resiliency is the
ability to anticipate, prepare for, ..))‘((. t
and adapt to changing conditions N~
and withstand, respond to, and RESIUIENGE | —

recover rapidly from disruptions ‘

(FHWA Order 5520) |

2 Risk: The positive or negative effects |
of uncertainty or variability upon
agency objectives. (23 CFR 515.5)

-l
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Frameworks for Assessment

SET OBJECTIVES AND DEFINE SCOPE Framework for Risk and Resilience Assessment for Highways

Review mission Define Establish goals, Identify priority hazards -
and vision resilience objectives, and measures with greatest impact . Misslon"& Vision
=
. 4 S Goals & Objectives
COMPILE DATA AND EVALUATE STUDY ASSETS CRITICALITY 3 il
Gompile data leveraging previous Assess criticallity of 8 i Standard Definitions
Identify study assets studies and regulatory Ggmr."“"'w '"f.rasm‘ctu;e - B
frameworks ocloeconomic, Usage

Operation, Health & Safety

o
" r Threat & Asset Characterization
ASSESS SYSTEMWIDE VULNERABILITY AND RISK

Threat-Asset Pair Selection

SCOPING

Assess vulnerability Eoe Consider Cri " ¢
Identify hazards/threats of assets ) Likefihood, Consequence, °°'",“m”"“y Impaq itv Ll
Exposure, Sensitivity, Vuinerability Environmental, Public (o= = - * <

Adaptive Capacity

$
DETERMINE ACCEPTABLE LEVEL OF RISK

health, Safety, Economic

r Vulnerability Assessment )
L Consequence Estimation

1SNrav aNy ‘31vNTvA3 "HOLINOW

Establish acceptable risk Incorporate stakeholder and Identify resilience needs and
thresholds community Inputs determine urgency z
E Threat Probability Estimation
. 4 3 re=
ANALYZE ADAPTATION OPTIONS u .
\dentify adaptation strateai Condici oot 2 Identification of Resilience Factors
entify adaptation strategies L[ Develop and prioritize (Robustness, Resourcefulness, Rapidity and Redundancy)
Build upon measures identified in evaluation
2 : - resilience improvements
previous plans and studies Benefit and cost, equity, efc.

STAKEHOLDER ENGAGEMENT AND COMMUNICATION

RISK & RESILIENCE ASSESSMENTS

Collaboration & Communication

INCORFORAITE RESULIS INTO DECISION-VMARING

Coordinate with other

Incorporate resilience Conduct scenario planning X o -
strategies into existing to evaluate outcomes from P rrﬁ:?g;;{';g;szg;’:;:ja ement RE&R Strategy Selection & Evaluation
regional programs different level of investment gaton, gemen,

H tion, freight, ec. ra = :
GHG Feduciion; elgli ek R&R Incorporation into Decision-making

MANAGEMENT

pEm——— 4
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Assessing Vulnerabilities, Risk, and Resilience

Definition & Objectives

Hazard Identification & Asset Characterization

Identifying Resilience Needs and Determining Risk
Tolerance

Annqenns @ Ayjgejieay eyeq

Management & Integration Decisions

il
- S
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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

* The degree to which a
system is susceptible to,
or unable to cope with,
adverse effects of climate
change and extreme
weather.

VULNERABILITY IS A FUNCTION OF EXPOSURE,

SENSITIVITY, AND ADAPTIVE CAPACITY

Whether an asset or sysfem
is located in an area

experiencing direct effects EXPOSURE
of current or future extreme

weather (FHWa, 2017). L e

r "-._ ‘\.;
Example: _ ~ / \
A bridge within category : \
J storm surge zone I8

exposed fo storm surge ADAPTIVE
impact SENSITIVITY | CAPACITY

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

Example:

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

Exampile:

Dense street network in
downtown has higher
adaptalfive capacily 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

)
f, g Moderate Risk Moderate Risk
. 3 Low Criticality High Criticality
=
% Low Risk Low Risk
— Low Criticality Moderate Criticality
Low Moderate High

Criticality

il
- S
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The 4Rs of Resilience

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

Resilience

Redundancy

the extent to which the systems can
satisfy functional requirements if

Resourcefulness

significant degradation or loss of S
functionality occurs. *g

=)

= 2

Resourcefulness gT
the ability to diagnose and prioritize = @ Rapidity .
problems and to initiate solutions by §l
identifying and mobilizing resources;
to t'| tr
Time
the Ca paCIty to restore functionality, 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,

contain losses, and avoiding
disruptions.

doi:10.1002/2016WR019551.

» - / J
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Flat Tire Analogy

Resourcefulness

*Towing
(AAA/Insurance)
*Inflator

L N\
Redundancy

*Spare Tire <«— Redundancy
*Another Vehicle in the
Household Resourcefulness —> Rapidity
*Scheduling and Repair
*Time-of-day
— Considerations
(V)]
)]
o a Robustness
]
5 *Tires Condition (SGR) L
| - Maintenance and Rapidity
Ol *Run-flat or puncture
&Y resistant tires
to tl’

CAMBRIDGE SYSTEMATICS y 4



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

p 4
-~ S 4
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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

CAMBRIDGE SYSTEMATICS y 4
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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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Incorporation into Regional Planning

Scenario

Planning and Project

Performance-
based
Investing

Design and
Development

-l
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Daily
Traffic

Project  Average

Cost (2018

Dollars)
440,000,000

Estimated  Annual

Projact Name

51

5 high

411,905

3360 16637

Route 60 Improvements (Medford, Arlington) est

1374 | medinm

20.400 ‘hih'

high

497

moderate  high

1237 |nvesdliien

54

1.7

274

518

high

$34301 1

1430

&1

45,000 gk

%22 000,000

Improvements to Sweetser Gircle (Routes 16/99)

(Everett) est

i

miechiurm

168 168

sEvens lul
high

5081 Hhight
2417 [high

48

87

M 0.3 191

medium

2

sH3610 1

2063 1812

115,000 gk

$172,500,000

Widening on Route 1 (Malden, Revere, Saugus)

medium

4 [low

L]

464 250 214

sovere

3.8

121

4§59

medium

1

093 §30834

225,000 MG 4662

$143,750,000

Southeast Expressway Modification

{Southampton) {Boston)
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Business Case

Makes a persuasive argument for an
iInvestment that serves a business function
and requires resources and buy-in

Emphasizes importance of proposed action
by explaining the costs, benefits, and value

creation

Communicates risks of inaction,
Implementation challenges, and
uncertainties

il
- S
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Conceptual Framework

Background/
Executive Summary

Proposed Solution(s)

Costs and Revenue

Sources
THROUG ’)W:CT]O\]
BUSINES Benefits and Value N] ATIONS
ASE L i i
CAS Creation |

Challenges and
Opportunities

Implementation

Conclusions and

Recommendations —
P

CAMBRIDGE SYSTEMATICS y 4



Styles and Delivery

Elevator Pitch Detailed Business Case

_
Image Sources: Yale Ventures and Grammarly > _ _/ 4
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Visualizations - Some Inspiration for the Workshop

» Visualization is communication of data and information using charts, graphs,
diagrams, and other infographics

» Examples from Case Studies

» Examples from Common Evidence Base

Visuals Storytelling

ABCHEFRIT
JKLANIPRR

il
- S
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CHELSEA e Example Visualizations — Maps and Photos

WINTHROP

14,339
Exposed properties

Medium or high | 3227
vulnerability and risk | properties

TSEFFRIESPOINT
B piers Park.
J

LOGAN AIRPORT

36 INCHES

SEA LEVEL RISE
| . (2070S OR LATER)

I County Boundanes

Areas with high bevel of
:::] social vulnerability (CDC)
Properties with Medium or
High Combined Vulnerability
and Risk (properties per
square mile)
I High (12-71)
B Medim (0.71=11)

Low (0.042-0.70)

Nonae

» - / J
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U.S. 2023 Billion-Dollar Weather and Climate Disasters

a Drought/Heat Wave 0 Flooding C} Hail  '© Hurricane 6 Severe Weather 0 Tornado Outbreak @ Wildfire Winter Storm/Cold Wave

Central and Eastern

Severe Weather
/\ Northeastern Winter
(PC _) /" Storm/ Cold Wave

April 4-6
@*—(/)9 February 2-5

0 Central Tornado

Outbreak and Eastern

Severe Weather
March 31-April 1

\. South and Eastern
Severe Weather
March 2-3

\. South and Eastern

Severe Weather

March 24 - 26

California Flooding @———
January- March

Central and Southern

A Severe Weather
‘@' April 15
This map denotes the approximate location for each of the 7 separate billion-doll: her and climate di: that i d the United States through April 2023.

Sea Level Rise Viewer

VIEW BY YEAR ?

Scenario Year

2022 Projections ¥

Intermediate »
High

5.38ft

Intermediate

3.54ft

Intermediate
Low

2.17ft

1.15ft

B, Moo
0.46ft
CAPE MAY, N) =&

FOR INTERMEDIATE HIGH SCENARIO

Example Visualizations — Maps and Photos

2030
Projected
Sea Level Rise:
1 Foot

Sources: NOAA, Climate Central

-l
-~ S 4
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I Example Visualizations — Charts and Graphics

|
United States Billion-Dollar Disaster Events 1980-2023 (CPI-Adjusted)
B Drought Count B Flooding Count B Freeze Count B Severe Storm Count Tropical Cyclone Count
. . s . . o o, i .
$1.68 $1 .39B B Wildfire Count B Winter Storm Count Combined Disaster Cost Costs 95% CI 5-Year Avg Costs
227 | r $500
$1.48 $22M
2 (A
a $.s i I] ‘ 5400
| 9 1
O $1.0B < |
15 | | i
| ' O g 12 ' | | {
| 2 $455M 5 N . :
C  $600M 5 I o
< $12M 2 [ Al E
% $400M $62M 2 ° IR il 520 £
$137M - - At
$113M 1% flood . \ fl {
$200M $6M 6 | 1 | |5y
$23M I 2% food ' AR 500
oA $38M $269M $983M I 10% food . ) ' '
" " " r M 1/\\ / / \ \‘
9" SLR 21" SLR 36" SLR | )y \l ANy
2030s - 2050s 2050s - 2100s 2070s or later o) N AN S = | [ el 5 -
1980 1982 1984 1986 1988 1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020 2023
Tedatade Tavan © N2
Sender Encoding s Receiver
e Process in which the Communication Channel ———
The entity that develops sender determines : The intended audience(s)
clear climate change how to tailor and Thr_;:hann:ls A n:edna who receives and decodes
communication goals and best format the di ,,-“,,: :;\"‘N S (or interprets) the
accompanying message. message in a usable SSSTLNERE 120 Iescose- message.
way. .
Sources: NOAA, Boston Green
Bk Ribbon Commission, Caltrans

Feedback Loop
The receiver’s actions/responses to the message.
Success is measured by seeing how well these
actions/responses align with the sender’s goals.

B - oG svsTeEmaTics AN
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Exercise Overview

« N O N
Assess
Glenwood Select
Project (Use Improvement(s)
Resources
. Resources) | Y

45

/

<

Choose
Supporting
Rationale and
Visuals

/

<

Present Your
Case
(Slides/Flip
Charts)

4
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Glenwood Improvement
O

46

Flood Management and Channel
Repair/Maintenance - $1 Million

Bridge Substructure Repair and
Scour Countermeasures - $1.5
Million

Elevate and Rebuild Southern
Approach Only - $2 Million

Elevate and Rebuild both
Approaches - $4 Million

Elevate Bridge and Approaches -
$10 Million

>
- / 4
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Visualization & Business Case \
Competition!

Business Case
Development

3 top impactful points that
make for a compelling
business case for investing
on this project

What data that might
support this business
case?

Identify gaps in
information or knowledge

Identify any available data
sources to augment the
Glenwood data

Core Message /
Visualizations

Communicate core
messages

What other
elements are
important?

What visualizations
will ensure the
biggest impact?

What else would
enhance the
business case?

Mentimeter
Scoring Rubrik

1. Effectiveness of the
Business Case

2. Use of Metrics and
Data

3. Message Presentation
(Visualization)

e 5 Excellentto 1 Poor
15 Total Points Available




Asset Characterization — Criticality - Example

Usage and : :
Y
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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Vulnerability

What is vulnerability

* The degree to which a
system is susceptible to,
or unable to cope with,
adverse effects of climate
change and extreme
weather.

VULNERABILITY IS A FUNCTION OF EXPOSURE,

SENSITIVITY, AND ADAPTIVE CAPACITY

Whether an asset or sysfem
is located in an area

experiencing direct effects EXPOSURE
of current or future extreme

weather (FHWa, 2017). L e

r "-._ ‘\.;
Example: _ ~ / \
A bridge within category : \
J storm surge zone I8

exposed fo storm surge ADAPTIVE
impact SENSITIVITY | CAPACITY

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

Example:

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

Exampile:

Dense street network in
downtown has higher
adaptalfive capacily than
dispersed roads in the
suburbs.

il
- S
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Workshop Obijectives

Making the
Business Case for
Resilience

Applying Risk and

Communicating the

|
Case Have Fun!

Resilience Basics
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2> Contact Information

‘ Thank You!

Suseel Indrakanti, AICP

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

Cambridge Systematics

63 CAMBRIDGE SYSTEMATICS y


mailto:sindrakanti@camsys.com

	Resilience – Educational Series - Workshop
	Cambridge Systematics
	Workshop overview
	Session Overview
	Workshop Objectives
	Public Meeting takeaways and recap
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Risk and resilience basics
	Impacts Across the US 
	Regional Transportation Impacts and Disruptions
	Understanding and Defining Resilience
	Frameworks for Assessment
	Assessing Vulnerabilities, Risk, and Resilience�
	Asset Characterization - CRITICALITY
	Asset Characterization – Criticality - Example
	Criticality Scoring Approach – Example 
	Assessing Risk and Resilience
	Assessing Risk
	Vulnerability
	Elements of Vulnerability – Sample Indicators�
	Assessing Risk
	Prioritization
	The 4Rs of Resilience
	Flat Tire Analogy
	Hazards – Treasure Valley – Current and Future
	Hazards – Local (Ada County)
	Hazards – Regional and Local Resources
	Integration into planning or agency business processes
	Incorporation into Regional Planning
	Regional Project Prioritization – Resilience 
	Making the case
	Business Case
	Conceptual Framework
	Styles and Delivery
	Communication – �Visualization Support
	Visualizations - Some Inspiration for the Workshop
	Slide Number 41
	Slide Number 42
	Slide Number 43
	Exercise overview
	Exercise Overview
	Glenwood Improvement �Options�
	Visualization & Business Case Competition!
	Asset Characterization – Criticality - Example
	Vulnerability
	Voting! 
	Slide Number 51
	Slide Number 52
	Slide Number 53
	Slide Number 54
	Slide Number 55
	Slide Number 56
	Slide Number 57
	Slide Number 58
	Results and winners
	Workshop objectives
	Workshop Objectives
	Slide Number 62
	Thank You!



