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AICP Credit Information

1.5 American Institute of Certified Planners Certification Maintenance
Credits

You must attend the entire webinar

Log into the American Planning Association website to claim your
credits

Contact AICP, not TRB, with questions




Learning Objectives

» Define resilience analytics relevant to the supply chain
* Apply causal analysis, especially with regard to the transportation industry

» Connect econometric measurements with transportation and sensor information
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What are the impacts of supply
chain disruptions in California?

* Higher costs for
consumers

* Delays of essential
goods

* Revenue loss for
freight related
companies


https://www.kqed.org/news/11816014/california-hospitals-begin-sterilizing-previously-worn-n95-masks-for-reuse-but-nurses-call-them-unsafe
https://patch.com/california/los-angeles/ca-inflation-40-year-high-costs-average-californian-thousands
https://calmatters.org/newsletters/whatmatters/2021/11/california-cost-of-living-skyrockets/

Interregional Transportation Strategic Plan
Strategic Interregional Corridors

Corridor Areas
United States/Mexico Border Region - Inland Empire Connections

B o e s e California’s Supply Chain
e Impacts the National
Supply Chain

South Coast - Central Coast
Southarn Caldorns - Southern Mevada/Anzons
San Jose/San Francisca Bay Area - Ceniral Valley - Les Angeles

* For example, about 40 percent of
U.S. imports and 25 percent of
U.S. exports transit through
California’s San Pedro Bay ports.
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California Transportation Commission Goals

1. Identify the types, probabilities, & locations of disruptions
2. Plan the best response

September 2022 4



Zero-
Emission
Freight

 |00% zero-emission
trucks by 2045

* Phased-in approach

* CTC planning
supporting
infrastructure
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Igor Linkov
US Army Engineer Research and Development Center Boston, MA
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Augusta Saraiva and Brendan Murray | Bloomberg News September 29, 2022 4:16 PM, EDT
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If we don't reinvest in our supply chain now, then
when?

@eshjpper sat.,Oct.1,2022 @& 4 min. read

A Resilient Supply Chain  How leveraging connected experiences in
Starts With Full Visibility . . - .
logistics can build resilient supply chains

Dan Shey Forbes Councils Member Advances in cloud data storage, artificial intelligence and cellular networks are
Forbes Technology Council . o . . L
COUNCIL POST | Membership (Fee-Based) all collectively driving a more connected experience in transport and logistics
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System Thinking What Makes Complex
" Systems
(Communities)
Susceptible to Threat?

System

o s
Supra:system | 'Resilience

Disruption

Sub-system) "/

— Minimize

System Performance

After Linkov and Trump, 2019



Outline

What Is Systemic Resilience?
One of many properties of System Affected by Threats
Differs from Risk

How Can it be Enhanced?
Refocusing from Efficiency towards Resilience
Resilience by Intervention and by Design

Future: Risk-based and Resilience-based approaches need to be integrated in
comprehensive Al-enabled modeling framework to assure both efficiency and
resilience in operation of transportation systems
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Risk -- “a situation involving
exposure to danger [threat].”

Security -- “the state of being
free from danger or threat.”

Resilience -- “the capacity to

recover quickly from difficulties.”

Don’t conflate risk
and resilience

‘Risk’ and ‘resilience’ are
fundamentally different concepts
that are often conflated. Yet
maintaining the distinction isa
policy necessity. Applying a risk-
based approach to a problem

that requires a resilience-based
solution, or vice versa, can lead

to investment in systems that

do not produce the changes that
Igor Linkov, Benjamin D. Trump
US Army Corps of Engineers,
Concord, Massachusetts, USA.
Jeffrey Keisler University of
Massachusetts Boston, USA.
igorlinkoviausace.army.mil

Definitions by Oxford Dictionary



Crisis Management, Risk and Resilience

Risk~ Threat*Vulnerability*Consequence

L Robustness
Inflection
point 1.
Critical »
] Resilience
Function
Performance

Inflection

point 2. Extended

Resilience, Degradation
Extended

Degradation
or Failure

Likelihood of
disruption
cascading to

other critical
functions

Time

After Galaitsi, Linkov et al, 2022



Resilience

Agility Adaptability System
S i Affected
‘\A"' by
Security Th I'eats:

Resistance Robustness

Taxonomy
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Reliability,
Mj’ The Need to Reconcile Concepts that Characterize Systems
Facing Threats
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Supply Chain Resilience
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Field of Supply Chain Resilience is New

Web of Science Publications
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I = The case for value chain resilience

2020 lgor Linkov, Savina Carluccio, Oliver Pritchard, Aine Ni Bhreasail,
Management Research Review Stephanie Galaitsi, Joseph Sarkis and Jeffrey M. Keisler

© Emerald Publishing Limited
2040-8269
DOI 10.1108/MRR-08-2019-0353
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Supply-and-Demand Networks — challenges

SDNs operate as engines for strategic surprise — many critical vulnerabilities emerge only at the system level

Economic

(O Original, undiversified SDN
O Mew suppliers, to diversify

Complexity: Hidden
portions of the SDN may
embed arbitrary complexity
and obfuscate systemic

fragilities Natural disaster

Exogenous = * D::";:d
forces: SDN Supply

faces outside shock
shocks to
demand and
supply

=

Contention for

containers- -~

- Data sources and types:

Blind spots: Many nodes g _ Data pravider A
and edges are blind spots . g I —':_;:J — Data provider B
to SDN participants T Data provider C
themselves, concealing . * Procurement contract N
upstream dependencies em=Tl — News feed "

Cyber attack

-7 Sovial madia — -~ %

RSDN will explore SDN fragilities and possible mitigations — e.g., procurement policies, strategic reserves, etc.

11



Elndividuul Metrics

Indices

— Dashboards

L— Decision Analytics

y

Process
Statistical/ Baysian —
Networks —j

Game- Theoretical —

Simulations/ Agent Based —

Cyber Resilience
' of Systems and

Networks

After
2019



RESILINC - example of metric-based approach

BIOGEN EVENT RESPONSE
PROCEDURE WITH RESILINC

Mitigation
Recommendations

Analysis of impact to Biogen .-
facilities; employees, travelers

i isi Senior Leadershi
Intelligence Corp Crisis a P
Services Mgmt

Top-Down
Directives
Based on
War Room
Output

Natural
Resilinc S — atura

Supply Chain ; Disaster
Intelligence Secuty War Room

+ Pull Forward Purchasing

* Secondary Sourcing
+ Alt. Sites — Level Loading

Resiliency Team (SC Security Lead) I :
Wh + Inventory Relocation
Resilinc What-f Cross Departmental Line Functions 1

Scenario Plﬂﬂﬂlnﬂ Procurement, Logistics, Manufacturing (Int./Ext.),

SC Quality, Requlatory, Finance, Metwork Strategy,
Site Leadership, Process Engineering, etc

Post-Event Evaluation
& Playbooks

Formalization

17017 46248



Assessment using Resilience Matrix

Adverse Event

Time 3 A
R N N N
Priovious Cycle ‘; Plan/Prepae > Absorb > Recowi > Adapt
"""""" e 17 1/ 174
Physical /
S
Alt. 1 c
g
W
Information &

Cognitive V

Alt.2

Social V

Alt.3

Cost

Selection of Alternatives m Comparative Assessment

Threshold

Baseline Alt. 1 Alt. 2 +

Environ Syst Decis (2015) 35:209-218
DOL 101007 510669-015-9555-4

Use resilience metrics to comparatively assess the
costs and benefits of different courses of action

" A matrix approach to community resilience assessment:
- an illustrative case at Rockaway Peninsula

Cate Fox-Lent' - Matthew E. Bates' - Igor Linkov'




Network-based Resilience Theory?

/

nodes (V)

i

anagement

_ After Ganin et al., 2016

R = f(IV,L CE)

15



Poor Efficiency:

System cannot not accommodate a
large volume of commuters driving
at the same time.

Traffic congestions are predictable
and are typically of moderate level.

- Lack of Resilience:

System cannot recover from adverse
events
(car accidents, natural disasters)

Trafﬁc disruptions are not predictable and
of variable scale.



Transportation Network Model
.|.

Regional Economic Models, Inc.

Science

Contents lists available at ScienceDirect = Tﬁf{q}ui_
B usiness Transportation Research Part D 3
Ca Se LLBL’[ journal homepage: www.elsevier.com/locate/trd s
Lack of resilience in transportation networks: Economic ) |
implications oy

SCIENCE ADVANCES | RESEARCH ARTICLE

NETWORK SCIENCE

Resilience and efficiency in transportation networks

Alexander A. Ganin,'? Maksim Kitsak,®> Dayton Marchese,? Jeffrey M. Keisler,*
Thomas Seager,” Igor Linkov**




Transportation Network Model
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intersection nodes
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Modeling Disruptions

Case ll Case lll Case IV

Attacks Disabling Attacks Locking
Traffic Control Traffic Control

Case |

Natural Disasters Random Disruptions

Links (Roadways) and Nodes (Intersections) Only

Links (Roadways) Only Nodes (Intersections)

Modeled Fractions of Affected Nodes/Links
From 5% to 100% with the step of 5%

Selection of Nodes/Links Affected by a Disruption
Uniformly at Random

Proportionally to
Deterministically by Length, Load, and Betweenness

Length at Random

Disrupted Roads and/or Intersections
Half of speeds are

Speeds reduced by reduced 80%, the
SRR MR D & Lyl 50% other half is increased

20%



Impact of Transportation Network Disruptions on Travel Time

60% —--Jacksonville
~-QOrlando
50% ~Tampa
Seattle
E 40% —-Detroit
a —--San Francisco
= 30% ~Atlanta |
[ ~—Miami /
-_*g 20% ff
©
<

10% ?

0% = —
0% 1% 2% 3% 4% 5%
Percent Road Links Disrupted




REMI = is a transportation upgrade a “winning
proposition” relative to other initiatives?

Project-Specific
Data

Transportation
Model

Alternative Management
/ Investment

TranSight

Construction
Operation
Finance

Economic Results

Fjp Engine

REMI Policy

Fuel Demand
Emissions

"\‘/ariables

Transportation Cos
Operating Costs Matrix

Model structure of TranSight



Repurpose to Study Economic Implications of Resilience
(or lack thereof)

TranSight

Construction
Data ngratic}n
Finance

ProjectSpecific

Economijc Results

F"p Engine

REMI Policy

%/a riables

Transportation Cos
Matrix

Trﬂnspﬂrmt?}tg;? Fuel Demand

Emissions
Safety

P
— Operating Costs
DELAYS Value of Time

Congestion

Random Network l
Disruptions '

~—

Model structure of TranSight



Gross Domestic Product

Impact of Efficiency-Related Delays
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Gross Domestic Product

Impact of Resilience-Related Delays
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Lack of Resilience: Impact on GDP

Random Disruptions are Much More Consequential

-0.1%

-1.0%

Gross Domestic Product Change

-10%" -
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[ Detroit
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Disruption Severity p




% Change in GDP
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Temporal Dimension

—-—Jacksonville
—--QOrlando
-~-Tampa
Miami
—-Seattle
—--Detroit
--San Francisco

2018 2019 2020 2021 2022 2023 2024



Economic Impact — Travel Sector in Georgia

Results

Immediate Effect (2025) (Change from
Baseline)

Long Term Effect (2060) (Change from
Baseline)

In the long run, socio-economic indicators reach
their new market equilibrium and are measured in

2060
g g

In the short run, the decreased Commodity Access
and Output causes the following:

4

Shock to Commodity Access and
Output for the Travel Sector

1% decrease in Commodity Access

-

1% decrease in Output for:

: Air Transportation : . : i
i Amusement, gambling, and recreation i Change in GDP Change in i i change in GDP Change in
: Accommodation : Employment = Employment
: Food services and drinking places : : :
| ! . B +2,868 Jobs
. 4 f : -$652 Million 6,892 Jobs = +526 Million
: Commodity Commodity : / / ) i / /
: Access and Access increase ! : :
i Output from resilience i K ) K . | K Changein K C . II‘
i 1% measures . Changein Increase in = . Participation
i 0 | c . = Compensation by
| +0.1% ! ompensation by Unemployment n Industry Quintile Rates by Race
: / : Quintile Rate ) y
e = o | B +0.002% to
. b .022%
: -0.01% to -0.56% 0.095% to 0.100% = +000061/0/t0 0.024%

what does REMI say?°™

_________________________________________________




Vision for System Resilience

Real World Model

Operations
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The case for value chain resilience

_ Management Research Review
Igor Linkov, Savina Carluccio, Oliver Pritchard, Aine Ni Bhreasail,

L Emerald Pubbshimg Limnated
Stephanie Galaitsi, Joseph Sarkis and Jeffrey M. Keisler _  2040-E268
T RETE i DOL 10.1108/MRR-08- 201941353
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Use Case 1: USACE

Projects - Challenges «USACE is receiving $17B increase for CW and over $64B in
MIL funding
Massive increase in resources needed
USACE will compete with States and Municipalities for
Supply Chain is Already an resources
Issue for On-going Projects :Current optimization is based on costs, but optimization
based on scheduling and materials is required
*COVID-related delays have :Current optimization is at project level, resource limitation

manlfeste_d A requires coordination at District and Division levels
construction industry

Materials shortage is the
main issue

USACE is affected,
Division reports material
shortages and lack of
contractor availability

.

sl

Material Delivery Delay

Division 05 — Metals
and Composites
Moisture Protection
Division 08 — Openings
Construction

Equipment

Division 09 — Finishes
Division 13 — Special
Division 14 — Conveying

Division 03 — Concrete
Division 04 — Masonry
Civision 07 — Thermal and
Division 10 — Specialties
Division 11 — Equipment

Division 12 — Furnishings

Division 06 — Wood, Plastics,

S IR Capsd Pt Tk =
|§' E L _m:-'::,x—{_-.w ' LessthanS 6Bto15days 16to25days 26to35days 36to45 days 1: Less than 5days, 2:6to15days, 3:16to25days  4:26 to 35 days,
fdavs 5: 36 to 45 days, 6: 4510 55 days  7: 56 or more days
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Use Case 1: USACE Projects
Three Results

1. Examining Historical Trends

« |dentify and track historical trends in tasks in project types for divisions projects

2. ldentifying Material Requirements

* Modify initial contract to account for potential delays

3. ldentifying Material Requirements by Task

* Modify project planning and timing to account for potential delays

ENVIROMMEMTAL
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Result 1: Historic Trends
USACE Project Delays

Pandemic-related
Disruption

* Examined 5,000 projects from the last decade
 USACE NWD projects

Puerto Rico
Afghan War & Major Supplemental

Delayed Projects [%]

» Scale and magnitude of overruns in 2021 is l—l—\ —— l—'l_\
double the baseline amount observed in the ,_|_|

last 10 years

FETHSSSS S S S

Fiscal Year
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Result 2: Material Requirements
How do we predict a future shock (before it hits us)?

For this
Economic Bin

Widely used Commodity Life Cycle Model

Unnamed: 0 1111AO0/US 1111BO/US 111200/US 111300/US 111400/Us

2.067140e- 3.857260e- 2.025340e- 1.349760e- 1.538790e-
lron ore/resource/ground/kg

e EPA EEIO Tables - - ” . .

3.418990e- 5.411910e- 3.137640e- 2.057260e- 2.461800e-

Nickel/resource/ground/kg 08 08 08 08 08

Phosphate 2.877245e- 1.623147e- 3.128757e- 2.100242e- 2.244069e-
ore/resource/ground/kg 03 02 03 03 03

How Much
Nickel?

*NAICS Category N | | - - | |
. . This industry group comprises establishments primarily engaged in growing crops of any kind under cover and/or growing nursery stock and flowers.
DeSC” ptIOnS "Under cover" is generally defined as greenhouses, cold frames, cloth houses, and lath houses. The crops grown are removed at various stages of
maturity and have annual and perennial life cycles. The nursery stock includes short rotation woody crops that have growth cycles of 10 years or less.

Data Routinely Available on USACE Projects

’USACE PrOJeCt SELECTED PROJECT This project entails clearing and grubbing hybrid poplars, blackberry plants and far
- - m debris from approximately 45 acres of land. Disposal of material cleared and grubbed, tillage of a
Description P g ° : 8

pproximately 71 acres, seeding of grasses on approximately 66 acres, and seeding of fall oats on appr

oximately 5 acres designed for future establishment of riparian trees and shrubs. Approximately 6,706
@ lineal feet of silt fence will be 1nstalled.

NAICS Code 1114 Description
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Result 2: Material Requirements
How do we predict a future shock (before it hits us)?

USACE Project Description
this project entails clearing and grubbing
hybrid poplars, blackberry plants and

NAICS
Economic “Bins”

Descriptions \ , farm debris...

For this project which NAICS Economic Bins
are most applicable ? Score all 400+ bins.

Neural Network Based
Natural Language Processing (NLP) Model Greenhouse, nursery, and floriculture producti... 0.727693

Trained on ALL Wikipedia Entries Vegetable and melon farming. This industry gro... 0.712372
? EL EABORMOR Other crop farming'. This industry group compr... 0.709028

T R e e, Farm machinery and equipment manufacturing’. T...  0.676935
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Result 2: Material Requirements
Project Reliance on Foreign-Sourced Minerals - Nickel

Base Project. USACE NWD Projects (2000 - 2020)

Classification of USACE NWD Projects (2000-2020)
by Importance of Nickel/resource/ground/kg as a Project Input

: Medium High
Low Risk Risk Risk
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02 04 0.6 08
Nickel/resource/ground/kg as Project Input (normalized with max)
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Result 3: Material Requirements by Task
Relating Task to Foreign-Sourced Minerals - Nickel
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Use Case 2: Freight Modeling in CA
Two Results

1. Data Connections

* |dentify Interconnections

2. Data Confidence

* Derive known commodity

flows from data

Freight Consumers

ENVIROMMERNTAL
LABCRATORY
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Result 1: Data Connections
TAMS Freight Data

710 Near Port - South 710 Near Port - North

110 - East
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Number of Trucks on Highways Heading Away From Port
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Result 1: Data Connections
TAMS Data Challenges: Completeness

_ Traffic Data For Each Destination By Date Traffic Data For Destination 7014 in Direction 1
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Result 1: Data Connections
Deriving Freight Trips

* Used correlation analysis to find
correlations between nodes

710 Mear Port - South

 Time Dependent

e Were able to find both time
delayed as well as concurrent
correlations

MFIRCIRMERTA
L BOEATORY
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Result 1: Data Connections
Deriving Freight Trips with Concurrent Correlations

Toward Port

210 - West - Wes
10 -"WestIMorgflamr ™ . aus
10 - West (West Covina (Mo - HTAN

O AL ONTARIL
60 - West (Ching

N\ B0 -West

57 - South
L

N VIEXD Willrrar
O R N
b ] 13O i
ENYIROMMEMTAL I s e e Leaflat | © OpenStrestfap contnibutors © CartoDE, CartoDB atnbutions
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Result 1: Data Connections
Replica Data: Truck Routing

® Map i Dataset 6.48m trips ¢ Medium certainty @

Trips | People

The trip table represents the traveling population for your selected geo. The rows below are a preview of the data that Manage Attributes Download

meets the applied set of filters including origin, destination, mode, and distance. Learn More

2EL

Showing first 100 of all 6,479,725 rows

MYIRORMERMTAL

LA B O ATORY

Activity ID v
8196442598900375000
14407987220099370000
6846575075641834000
12193735969462860000
12147415876704453000
10845215704359877000
99457241558227860
8751726289717313000
12522627138176920000

12401083620655362000

Trip Origin Block Group ¥
2 (Tract 218.27, Orange, CA)

1 (Tract 218.13, Orange, CA)
1 (Tract 218.13, Orange, CA)
1 (Tract 117.14, Orange, CA)
3 (Tract 219.24, Orange, CA)
1 (Tract 219.03, Orange, CA)
1 (Tract 117.14, Orange, CA)
2 (Tract 219.23, Orange, CA)
1 (Tract 218.24, Orange, CA)

1 (Tract 219.18, Orange, CA)

Trip Origin Tract ¥

218.27 (Orange, CA)
218.13 (Orange, CA)
218.13 (Orange, CA)
117.14 (Orange, CA)
219.24 (Orange, CA)
219.03 (Orange, CA)
117.14 (Orange, CA)
219.23 (Orange, CA)
218.24 (Orange, CA)

219.18 (Orange, CA)

US Army Corps of Engineers e

Trip Origin
County v

Orange County, CA
Orange County, CA
Orange County, CA
Orange County, CA
Orange County, CA
Orange County, CA
Orange County, CA
Orange County, CA
Orange County, CA

Orange County, CA

Trip Origin
State

California
California
California
California
California
California
California
California
California

California

Trip Destination Block
Group v

2 (Tract 219.05, Orange, CA)
1 (Tract 218.13, Orange, CA)
1 (Tract 117.14, Orange, CA)
2 (Tract 218.21, Orange, CA)
2 (Tract 218.21, Orange, CA)
1 (Tract 218.07, Orange, CA)
3 (Tract 218.15, Orange, CA)
3 (Tract 219.24, Orange, CA)
1 (Tract 218.23, Orange, CA)

2 (Tract 762.01, Orange, CA)

Trip Destination
Tract

219.05 (Orange, CA)
218.13 (Orange, CA)
117.14 (Orange, CA)
218.21 (Orange, CA)
218.21 (Orange, CA)
218.07 (Orange, CA)
218.15 (Orange, CA)
219.24 (Orange, CA)
218.23 (Orange, CA)

762.01 (Orange, CA)

Engineer Research and Development Center
UNCLASSIFIED
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Result 2: Data Confidence
Deriving warehouse locations

GridSearchCV

» Using Replica data to
find heavy warehouse train on
census blocks &:g(?,f

 Using LightGBM Model

feature train-test
selection run

US Army Corps of Engineers e Engineer Research and Development Center
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Result 2: Data Confidence
Deriving warehouse locations

Feature importance

toward port volume

55 Management of Companies an nteTprises]
54 Professional STientific__and Techmcal Services
48 ¥9 Transpotation and Warehousing

== = 31733 Manufacturing

out of CA volume

51 Infarmation

22 Utilities

62 Health Care and Social AsSistance

12 Accommodation and Fodd Services

= 6l Educational™Services

_ 23 Construction

71l Arts Entertainment arfd Recreation

= - 41745 Retaill Trade

11 Agriculture Forestry Fishing and Hunting
- — _ into_CA volume
awm&gmm port_ volume

53 Real Estate and Rental"and Leasing

= i 52 Finance and Insurance
= Wholesale Trade

[T |
=
=
-
s
L
Laio

81 Other Services (except Public Administration)
21 Mining ~Quarrying__and Oil and Gas_Extraction

10 15
Feature importance

Y IHCIRRE ERTAL
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Result 2: Data Confidence
Validation against known warehouse locations
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Key Findings
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Al has the ability to assist with
understanding connections and

dependencies in many parts of

the supply chain

Army Corps HPC Planning |
Examination of Specific Tasks
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Project Goal: Increase Resilience in CA Transportation Networks

\ California
. Transportation
Commission

ENVIROMMERNTAL
LABCRATORY

Freight Consumers
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Methodology:
Data Fusion and Optimization Using Al and Resilience Modeling

Freight Volumes,

Al Algorithm Policy Decision

ENVIROMMERNTAL
LABCRATORY
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Replica Data:
Connecting Entry Points, Warehousing and Consumers

l —  Study | California

Filters & Cal-Nev, Fall2019, Thu v | gllg Primary Mode: 1 ~ o

® Map i Dataset 6.48m trips ¢ Medium certainty ® Show Summaries
ogan
Map Layers | - oBon
| o

Syt Lake City
&y Transit

View As

Transit Routes

b B TSk
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Geo Breakdown

Tracts D : Flagstaff

View As
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Presentation Overview Supply Chain
Resilience

e Tools:

* Freight Volumes
Natural Disaster

e Scenario Comparison Tool : "
P Risk and Resilience

% S e |
° PrOblemS we are add ressing: 025 =8
l.  Supply Chain Resilience Quantification

[I. Natural Disaster Risk and Resilience Zero Emission

Zero-Emission Refueling Station Refueling Station
Prioritization

Multi-Objective Equity Optimization

7 e
S Ame
Qs’ﬂl I~

- . . ol e D 1 IR ;
Multi-Objective @& __ \ e
TEL s Equity Optimization [ = . & .

A e .
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Tool 1:
Freight Volumes

Tools/Impacts can be understood for:
Long Haul

CA External Goods:
Ports

Airports
Land Points of Entry

Future Work:
Aggregate Flows

Medium vs Heavy Trucks — 0-150
— 150-300
— 300-600
600-1200

EMVIRONMENTAL 1200+
LaBOR ATORY

US Army Corps of Engineers e Engineer Research and Development Center
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Tool 1:
Freight Volumes - Long Haul

Tools/Impacts can be understood for:

Long Haul

— 0-150

— 150-300

— 300-600
600-1200

EMVIRONMENTAL 1200+
LaBOR ATORY

US Army Corps of Engineers e Engineer Research and Development Center
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Tool 1:
Freight Volumes - Long Haul

..»-:'

5a 1
FFEHEEE 0'y "'

Destination: Internal to CA Entering CA
Inside State

Destination: Exiting CA External to CA
Outside CA

— 0-100

— 100-250

— 250-500
500-1000
1000+

US Army Corps of Engineers e Engineer Research and Development Center
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Tool 1;:
Freight Volumes - External Goods

Tools/Impacts can be understood for:

W 2nd St

CA External Goods:
Ports

Airports
Land Points of Entry

Calle Zorri

Fresno Airport

? E I EMYIRDRMMERTAL
L B TR
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Tool 1;:
Freight Volumes - External Goods

Total Volumes
Border Airport
Volumes Volumes

Tools/Impacts can be understood for:

CA External Goods:
Ports

Land Points of Entry Angeles Sacramento

[
®,
am
g
-
=
=
§=
=
N
O
O

Origin in POE
Passing Through
Origin in POE
Destination in POE
Passing Through

ENVIROMMEMTAL
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Tool 1: ‘

Freight Volumes - External Goods

Rancho
Cucamongs
El-Montel _WesEEavina 3
Ngomors ontar Lt,f =

Tools/Impacts can be understood for: o Dk -

— 100-300

CA External Goods: Sy : "
A — 300-700

Ports ' Santa Ang — 700-1400
1400-1800

Airports g | oo

Missipn  —anee

Land Points of Entry

— 1-25

— 25-50

— 50-100
100-250
250+

? E EMNVIROMMEMNTAL
L LaBORATORY
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Tool 1:
Freight Volumes - Army Depots

MedFord

Concerns:
Similar exercises could be preformed
for other groups, including army sites

I Sierra Nevada Depot

Initial Examination: [ ] CA Army Bases

ldentify army bases and depots in CA

Carsdn City

Extract commercial vehicle trips
overlapping those locations

&
Sacramento

Santa Rosa _
Vacaville®
Fairfigld

Volumes for Sierra Nevada Army & o Tonopst

Stockton

De pOt are Shown Frai?:?siu Livermore * ‘

Modesto
Fremonkt

San Jose

ENYIRORMEMNTAI
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Tool 2:
Scenario/Policy Comparison Tool

* Scenario comparison tool compares new road
volumes based on changes to roads

: Recalculates by assuming cars
will divert around the disrupted road

Does: Re-calculates by defining completely
new routes for impacted vehicles

Modeling includes how re-routing increases
congestion and vehicle speeds

Finds added congestion and travel time

* This work is currently in development

? E EMNVIROMMEMNTAL
L LaBORATORY

Scenario 2

US Army Corps of Engineers e
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Huntington
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— 400-800
— 800-1600

1600-3200
3200+
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Tool 2:
Scenario/Policy Comparison Tool

* Ranks scenarios based on freight diversion
and congestion

— 0-400
: — 400-800

. . . '- ] 800-1600
* Capacity Expansion: Adding roads 1600-3200

3200+

Increasing lane

* Capacity Reduction: Road closures

Lane closures

— 100-300
— 300-700
— J00-1400
1400-1800
untington

Seach | 1800+
? ENVIRONMENTAL .
E L LaABORATORY Sce n a rl O 2 MiSsion Santa
Ulnis Margarita
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Addressed Problems:

Overview
’

Supply Chain Multi-Treat Natural Disaster Zero Emission Multi-Objective
Resilience Quantification Risk and Resilience Refueling Station Equity Optimization
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l. Problems:

Supply Chain Resilience Quantification
Ganin et al., Sci. Adv. 2017;3: e1701079 20 December 2017
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ll. Addressed Problems:
Multi-Treat Natural Disaster Resilience Quantification

Levels of Concern

[] VERYHIGH

 Roads impacted by climate events will have
reduced capacity from either:

* Capacity Reduction: Road closures
Lane closures

e Resilience will be studied by simulating
increasingly large climate events & examining
changes

RCP 8.5, MULTI-MODEL MAXIMUM RCP 8.5, MULTI-MODEL MAXIMUM

? EL ENVIRONMENTAL Changing Level of Wildfire Concern |
- Caltrans Climate Change Vulnerability Assessment
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ll. Addressed Problems:
Multi-Treat Natural Disaster Resilience Quantification

Climate events will be simulated based on Ll ( 2@y ¥ { 2GS Levels of Concern
existing road vulnerability assessments: Rt 3 Wpre B ey ioH

* Precipitation

* Wildfire

* Sea level rise
Storm Surge
Cliff Retreat
Earthquakes

RCP 8.5, MULTI-MODEL MAXIMUM RCP 8.5, MULTI-MODEL MAXIMUM

? EL ENVIRONMENTAL Changing Level of Wildfire Concern |
- Caltrans Climate Change Vulnerability Assessment
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ll. Addressed Problems:
Multi-Treat Natural Disaster Resilience Quantification
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ll. Addressed Problems:
Multi-Treat Natural Disaster Resilience Quantification
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lll. Addressed Problems:
Zero Emission Refueling Station

Challenge:
Minimize the diversion of freight routes caused
by fuel conversion

Solution:
ldentify gas stations that could be converted to
dispensing stations:

minimize freight displacement

scalable
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lll. Addressed Problems:
Zero Emission Refueling Station

Define gas stations which are
candidates for conversion

? E EMNVIROMMEMNTAL
L LaBORATORY
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lll. Addressed Problems:
Zero Emission Refueling Station

Ciky
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lll. Addressed Problems:
Zero Emission Refueling Station
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lll. Addressed Problems:
Zero Emission Refueling Station
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lll. Addressed Problems:
Zero Emission Refueling Station
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lll. Addressed Problems:
Zero Emission Refueling Station

Define gas stations which are

candidates for conversion
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lll. Addressed Problems:
Zero Emission Refueling Station - Scalability

Want: Gas stations to be in locations that will still minimize deviation as more are added
Solution: Rank solutions by hubness

Hubness: A measure of how many solutions contain a station
- One which appears many sets would have a high score
- Probably in a good, central location

L =4
i |l 10w &
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lll. Addressed Problems:

Zero Emission Refueling Station

Burbanlk
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Initial Testing of methodology was
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IV. Addressed Problems:
Multi-Objective Equity Optimization

Examined Concerns:
Define a set of equity concerns which can be

weighed against each other

Solution:
Preform Multi-Objective Optimization:

Gets you a range of answers so decision
makers can weight different options
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Approach Summary

* Benefits of Approach:
e System-level

* Links Supply Chain/Freight
with policies and risks

Quantifies Resilience
e State-wide approach

* Limitations of Approach:

 Doesn’t quantify impacts at a
HIEREE

* Currently limited to freight

 Doesn’t include passenger
vehicles & other
transportation modes
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Tools and Applications:

Summary
S

Tools:
l. Freight Volumes
Il. Policy Comparison Tool

Multi-Treat Natural Disaster Zero Emission Multi-Objective
Risk and Resilience Refueling Station Equity Optimization

Supply Chain
Resilience Quantification
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Upcoming Events for you

November 3-4, 2022

TRB’s Symposium on Visualization
in Transportation

January 8-12, 2023

TRB Annual Meeting
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Register for the 2023 TRB Annual Meeting

’ Register to be part
of the action!

https://www.trb.org/AnnualMeeting
/Reqistration.aspx

Follow the conversation
#TRBAM
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Subscribe to TRB Weekly

If your agency, university, or
organization perform transportation
research, you and your colleagues need
the TRB Weekly newsletter in your
inboxes!

Each Tuesday, we announce the latest:

RFPs

TRB's many industry-focused webinars
and events

3-5 new TRB reports each week

Top research across the industry
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Making our work accessible
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Listen to TRB’s podcast
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