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Motivation for Developing a

Multi-Objective Decision Analysis (MODA) Framework

Project prioritization challenges in prior SHOPP cycles:
* Funding allocations made primarily by asset type (“silos”)
« Alignment to strategic objectives not well defined

e HICHAY OPERATLON » The purpose of the State Highway Operation and Protection Program
AND PROTECTION PROGRAM (SHOPP) is to maintain and preserve the State Highway System (SHS)
and its supporting infrastructure — a “fix-it-first” program.

2018 SHOPP « The current 2018 SHOPP represents a portfolio of projects valued at $18bil
over 4 years.

» Projects in the SHOPP are limited to capital improvements relative to
maintenance, safety, and rehabilitation —improvements that do not add
capacity to the system.

‘ Slide 2




Initial Work by Caltrans

« 2014 SHOPP MODA Feasibility Assessment

« “SHOPP Pilot Project Phase 1 — A Framework for Project Prioritization” (June 2015) http://www.dot.ca.gov/assetmgmt/multi-
objective.html

« 2014 SHOPP project portfolio
» Evaluated 172 projects valued at $2.7bil

« 2016 SHOPP MODA Feasibility Assessment

« “SHOPRP Project Prioritization — Application of a Project Prioritization Framework to the 2016 SHOPP” (March 2016)
http://www.dot.ca.gov/assetmgmt/multi-objective.html

» 2016 SHOPP project portfolio
» Evaluated 384 projects valued at $4.6bil

« 2016 SHOPP Asset Management Pilot Program

» “Project Prioritization Criteria for the SHOPP Asset Management Pilot Program” (2016)
http://www.dot.ca.gov/assetmgmt/ampp.html

« 2016 SHOPP project portfolio
» Evaluated 37 projects valued at $770mil
» 9 projects valued at $100mil total were funded using this process



http://www.dot.ca.gov/assetmgmt/multi-objective.html
http://www.dot.ca.gov/assetmgmt/multi-objective.html
http://www.dot.ca.gov/assetmgmt/ampp.html

Framework for a MODA-Based Approach
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Objectives Hierarchy

MISSION
Provide a safe, sustainable,
integrated, and efficient
transportation system to
enhance California’s
economy and livability.

VISION
A performance-driven,
transparent, and accountable
organizationthat valuesits
people, resources and
partners, and meets new
challenges through leadership,
innovation and teamwork

Safety and Health

Stewardship and
Efficiency

System Performance ’—

Sustainability, Livability
and Economy

Minimize injuries and fatalities

Minimize injuries and fatalities of
workers

Maximize community health through
active transportation

Minimize injuries and fatalities of
users

Minimize cost to taxpayers

Minimize cost of maintaining
infrastructure

Minimize inconvenience to users

Minimize costs to users

Minimize travel delay time for users

Maximize multimodal transportation
options

Maximize travel time reliability for
users

Minimize disruption of the economy

Minimize damage to environment

Organizational
Excellence

Department
Goals

Maximize resilience of infrastructure

Fundamental
Objectives

Sub-Objectives




Value Function

Minimize injuries and fatalities

Minimize injuries and fatalities

Maximize community health
through active transportation

Minimize cost to taxpayers

Minimize inconvenience to
users

Maximize multimodal
transportation options

Minimize disruption of the
economy

Minimize damage to
environment

Maximize resilience of
infrastructure

of workers ‘ Score Weight
Minimize injuries and fatalities Score Weight
of users =
Score Weight
Minimize cost of maintaining ,
infrastructure Score Weight
Project Value
Minimize coststo users Score Weight Sum of weighted ]
scores i
™ . Project
Minimi .
|n|m|zetra::er: ay time for Score Weight | Value—to—Cost
Ratio
Maximize travel time reliability Score Weight PI’OjEC‘t Cost
for users SHOPP-funded —
portion only
Score Weight
Score Weight
Score Weight
Score Weight (From the 2016 SHOPP MODA

Feasibility Assessment)
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Prototype Tool to Test MODA Framework

Goal Benefit Sub- ) )
. B Fundamental ) L. ) L. Assigned Weight
Goal Weight Sub-Objective Sub- Objective

Project Prioritization Outcomes

Objective B 0-100
(%) y Model Weight (%) (0-100)
Minimize 60
injuries and (1) Worker 299 B
Minimize injuries fatalities of Safety 1 " s Project Value-to-Cost Ratio Project Value, Project Cost
workers T
transportation Minimize 100 08-RIV-51-7.4/15.6, 201 310 Operational Improvements, FFNO 30030, 51 7mil {Froject 233) 172
Safety and system injuriesand  (2) User 18% ~ 03-GLE-5-VAR, 201.170 Signs 2nd Lighting Rehabilitation, PPNO 3711, $1.7mil (Project &3) | S 5170 1
Health fatalities of ~ Safety ‘ " 08-SBD-60-RD.0/RS.5, 201.170 Signs and Lighting Rehabilittion, FFNO 0178F, $2mil (Froject 226) N I s WESE —— 132
users 12-ORA-57-10.7/16.6, 201 315 Transport=tion Manzgement Systems, FPNO 2530), S3mil... [, I S e300 195
Maximize community 50 07-LA-405-8.8, 201,113 Bricge Preve ntive Maintenance, PPNO 4721, $2 8mil [Project 145) I | “aams 172
health through active (3) Health 24% a i 5 08-RIV-60-R0.0/22.3, 201.170 Signs and Lighting Rehatilitation, PPNO 0022K, 52.2mil (Project .. G e e ——E
transportation . 07-LA-51-R10.2/R10.4, 201 113 Bridge Seizmic Restoration, FPNG 4704, 52 Smil [Froject 143) H Tearg 163
— 100 08-RIV-10-R110.5, 201.112 Bridge Rail Replacement/Upgrade, PPMO 3002L, $1.2mil (Project 193] m EpE——. 70
RLIES R (A= 03-YOL-80-R113, 201.110 Bridge Rehatilitstion, PPNO 8901, $3.1mil (Project 60) | S =, 166
maintaining Preservatio 67% a L+ i i o ; -
EETETE 5 07-LA-710-23.5/26.3, 201 151 Drainage System Restoration, PPNO 4345, 51.8mil {Project 155) H M Safety and Health | | PeTTe 0 =
Minimize cost to 08-RIV-10-R24 5/R156 4, 201113 Bridge Preventive Mzintenance, PPNO 30026, 53 Tmil... m ] 1g
taxpayers — (5) Vehicle 50 114MP-115-110.4/19.8, 201 151 Drainage System Restora Sion, PPNO 0E02, $1.1mil (Project 267) I, W i Stewardship and Efficiency e D
inimize costs T =
Operatin ™ 03-5AC-50-R3.5, 201310 Operational | ts, PPNO 6242, 52 7mil (Project 65) | 1 I e — 130 L
to users = £ 33% 4 " L perstianal Improvemen s2.7mil(Project £5) o System Performance | | e
Costs 12-ORA'5-33.0/43.2, 201 315 Transportation Manzgement Systems, PPNO 28598, 5. 1rmil... I IV 0 Tesi0
50 03-FLA-80-VAR, 201.315 Transportaticn Management Systams, PPNO 4251, 52.5mil (Froject 50) I BRI 0 m Sustainability, Livability, and Economy| | Fesesmme—"— 111
Minimize travel (6) Delay 33% _ 08-SB0-210-10.5/12.7, 201.315 Transpertation Management Systems, PPNO 3003¥, 53.3mil... _ ] TE3ng 141
- " 4
time for users  Reduction L L 12-ORA-1-20.5/20.9, 201151 Drsinzge System Restorztion, PPNO 25034, $2.2mil [Project 281) [ IR 316 Ed
HhEe 03-ED-500.0/80.4, 201,015 Collision Severity Reduction, PFND 3311, 53 4mil (Froject 35) |G 337 154
inconvenience
e Maximize travel (7) Travel 50 07-LA-105-R14.1/R17.2, 201.235 Rozdside S=faty Improvemnents, PPNO 4833, S2mil [Project 168) — EPEE— 75
.Performa“‘:e 25% time reliability | itity 33% 4 B b 05-FRE-5-44 4,45 4, 201 110 Bridge Rehatilitstion, PPNO 6725, 52.8mil [Froject 123) “ [FoTEmp— 105
for users 12-DRA-22-R9.1, 201.151 Drainage System Restoration, PPNO 2948, $2.4mil (Project 280 _ EEEm— 33
12-0RA-S1-R2E/7.2 201 315 Transpormtion Management Systems, PENO 4532, 54.6mil .. 165
Maximi Itimodal 8 50
aximize mulitimoda
. _ 03-5AC-50-R2.6/R3 8, 201,310 Operational | rts, PPNO6200, 53.5mil (Project 64) | IR 145
transportation Complete 33% 4 | 3 d perETans mprovaments $2.3mil{Prej ! eSS
TS Streets = 03-SAC-5-0.1/34.6, 201.015 Callision Severity Reduction, PPNO 5350, 53.6mil (Project 37) | Csmet 130
05-MON-101-R28 .0/R30.6, 201.122 Reoadway Rehabilitation (2R), PPN 2546, 51.9mil (Project... ﬁ EPE— 55
T G (9) Freight 30 04-5CL-101-VAR, 201112 Bridge Rail Replacement/Upgrade, PPNO D481H, 54.1mil (Project 72) “ (TS S — 142
B — ——— 33% < a » 04-50L-80-1 1345, 201115 Bridge Preventive Maintenance, PPNO 430N, $4.6mil (Project 74) | Ceagn 158
05-MON-VAR-, 201.015 Collision Severity Reduction, PPN 2555, $4 3mil [Project 108) — RS — — 148
sustainability, (10) GHE 30 04-ALA-880-11.3/12 3, 201.110 Bridge Rehabilitation, PPNO 04804, $5.3mil (Project 57) | Cgem 183
S Minimize damage to ’ = VEN-1- X . i i il {Froj | — 71
Livability, and 15% ! I Water 339 P | . 07-VEN-1-21.8/27.05, 201151 Drainage System Restoration, PPNO 4855, 52 1mil {Project 245) Teran
Economy E T Quality — 11-4IMP-78-62.3/73 8, 201151 Drainage System Restoration, FPNO D803, $1.5mil (Project 267) * - 49
03-3B0-210-RZ1 76/R33.18, 201.170 Signs and Lighting Rehabilitstion, PPNO 30054, 53 . Zmil... — Tg323 108
Maximize resilience (11} Scour, 30 07-LA-50-0.0/R30.5, 201,170 Signs and Lighting Rehatilitztion, PPNO 4308, S4mill {Praject 183) — zapg 134 B
e — ie:smlc, 33% 4 ™ ¢ 08-5B0-10-26 827 3, 201.235 Roadside Safety Improvements, PPNO 30034, 51.3mil {Praject... — WEPEE . S0 g
Miz=d 05-5B-WAR-, 201,015 Callision Severity Reduction, PPNO 2594, $4.7mil [Project 105) — - 148 =4
10-MP-140-21.2/21.8, 201.015 Colision Severity Reduction, PPNO 3131, S2.6mil (Project 229) | e ] |
A 1A A F AR A A AT P e e et Pl ieim_DDALA AR AR 5mnit N s ] — —— I -
q ... | (8) Complete Streets (9) Freight (10) GHG, Water Quality (11) Resilience Scoring Weighting & Ranking Program Analysis Funding Analysis Efficient Frontier Chart SHOPP Process Comparison 1 »
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Outcomes

MODA was shown to be effective to:
* Bring transparency to the SHOPP project prioritization process.

 Establish a logical, quantitative, and data-driven basis for
decision-making.

* Provide a framework to communicate the alignment of project
oriorities with strategic objectives.

* |dentify best projects based on calculated value and cost.

e S
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Review of Initial Work

« 3 MODA experts reviewed initial work In conceptual terms, the

* Arnold Barnett — MIT Sloan School of RIS MEIreelelog) -
IS excellent. It makes a

Management
: : full range of relevant
* Alexander Engau — University of Colorado considerations explicit,
Denver and it advances
« Ralph Keeney — Duke University procedures to measure

and quantify
performance on all key
dimensions. The
methodology is logical,

systematic, and fair.
— Arnold Barnett




Review Findings

 MODA has great potential for Caltrans

* Need to revise value function

 Value function should predict monetized benefits
« Avoid categorical variables

* |ssues with weighting goals

* |ssues with normalizing scores

* Explore implementing an optimization approach

S %
g \“\ - ' %n
c TaN
"\ 7
Slide 10




Revised Approach

& GOAL 1: SAFETY
GOAL 2: AIR QUALITY
& HEALTH

m GOAL 3: STEWARDSHIP & I BEN EFITS

EFFICIENCY

GOAL 4: SYSTEM
PERFORMANCE & ECONOMY

GOAL 5: SUSTAINABILITY &
LIVABILITY

&
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Goals and Objectives

e Annual Vehicle User Crash Savings e Annual Non-Vehicle User Crash Savings

GOAL 2: HEALTH AND AIR QUALITY

* Annual Emissions Reduction Benefit ® Annual Active Transportation Health Benefit

GOAL 3: STEWARDSHIP AND EFFICIENCY

¢ Asset Preservation Benefit ¢ Annual Vehicle Detour Benefit

GOAL 4: SYSTEM PERFORMANCE AND ECONOMY

e Annual Fuel Savings Benefit ¢ Annual Travel Time Benefit ¢ Freight Corridor Benefit

GOAL 5: SUSTAINABILITY AND LIVABILITY

¢ Modal Improvement Benefit e Water Quality Benefit ¢ Biological Benefit
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Revised Approach Detalls

« Maintains continuity between previous iterations
of the approach

 Utilizes techniques from Cal B/C, an internal
benefit/cost analysis tool

« Each measure represents a monetized benefit

« Pitfalls avoided with this approach:
» Need for categorical variables
» Need for subjective scores
» Need for scaling of benefits
* Need for weights on the goals

« Exploring Data Envelopment Analysis (DEA) as
optimization approach

' 4 B
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Approach Example

« Example Project Activities
« Rehabilitate pavement
« Repair bridge
« Construct storm drainage improvements
« Construct ITS elements
* Improve pedestrian, bicycle, and ADA facilities

« Example Project Characteristics

e $31M
« AADT = 25,300
e 1.4 miles

S S = ®
5 Y @
= - =
.
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Example- Results

Safety Annual Vehicle Safety Savings

Annual Non-Vehicle Safety Savings 4,529 Reduces worker exposure hours
Air Quality and Annual Emissions Reduction Benefit 9,074 Reduces fuel from VMT and IRI change
) Annual Health Activity Benefit 871 Improves bike/ped facilities
Stewardship and Asset Preservation Benefit 1,614,030 Improves bridge and pavement condition
Efficiency

Annual Vehicle Detour Benefit 0
System Annual Fuel Savings 42,033 Reduces fuel from VMT and IRI change
Eigﬁgnr:snce 2 Annual Travel Time Benefit 85,764 Reduces delay

Annual Freight Corridor Benefit 0
Sustainability and  Annual Modal Improvement Benefit 4,529 Improves bike/ped facilities
SIS Annual Water Quality Benefit 0

Annual Biological Improvement Benefit 0

Total Project Value 1,760,830
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Next Steps

* Test the approach
* Review the results through a set of workshops
* Implement the approach statewide

Q ¢ . ©.
.
. 2
.
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