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DISCLAIMER STATEMENT

The contents of this report reflect the views of the authors who are responsible for the facts and accuracy
of the data presented herein. This publication does not constitute a standard, specification, regulation, or

policy change in the prioritization of projects within the SHOPP. This report does not constitute an
endorsement by the Department of any product described herein.
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Executive Summary

This report documents the work of a team of Caltrans engineers in developing and applying a
Multi-Objective Decision Analysis (MODA) framework to prioritize projects within the State Highway
Operation and Protection Program (SHOPP). Under the sponsorship of Caltrans Executive Management,
the team pursued an extensive scope of work from July 2014 through March 2015. As decision analysis
is a highly specialized area of study, the team initially consulted with top decision analysis experts as
well as the literature to help identify best practices in project prioritization. With input from Caltrans
subject matter experts, a preliminary decision analysis framework has been developed that facilitates
the calculation of project “value” using available project-specific data. A prototype tool was
implemented in Microsoft Excel to carry out calculations, test the framework, and demonstrate to
sponsors the potential benefits of a MODA-based project prioritization approach.

Given the constrained timeline and recently acquired knowledge of the team, the project prioritization
framework and Microsoft Excel tool should be considered a “proof of concept” rather than a
comprehensive and rigorous calculation framework ready for operational implementation. Despite this
limitation, a number of important conclusions can be drawn from this pilot effort. A MODA-based
approach will bring more transparency to the project prioritization process, provide a quantitative basis
for decision-making, and provide a mechanism to communicate the alignment of project priorities with
strategic objectives. Furthermore, in contrast to the existing SHOPP project prioritization process where
funding decisions are based by program, a MODA-based approach ranks projects based on objective
value with direct consideration of cost.

The next phase will consist of outreach to department stakeholders and external partners for feedback
and recommendations. The outreach will be in the form of presentations and facilitated discussions on
the overall Caltrans Asset Management Program, the SHOPP Pilot Project and decision making
framework, and future SHOPP business process improvements. A report will document the outcomes of
this outreach effort.

Moving forward in subsequent phases, a major effort will need to be pursued to fully develop the work
that has been started with this pilot project. The compilation of more comprehensive data sets will
drive the development of more focused calculations to better reflect project value. Changes in business
processes, policies, and tools in the SHOPP will need to follow to support this paradigm shift. A research
project will be initiated to identify shortcomings and change and/or improve the decision analysis
framework. An expanded analysis of the 2016 SHOPP using the pilot project framework will provide an
opportunity to more fully evaluate the effectiveness of the approach.

SHOPP Pilot Project — Phase 1: A Framework for Project Prioritization
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1. Introduction

The Caltrans Improvement Project (CIP), initiated in 2014 with the California State Transportation
Agency (CalSTA), identified that an improved and transparent process for project selection within the
State Highway Operation and Protection Program (SHOPP) was required as a key component of
transportation asset management. The SHOPP? is a $2.3 billion annual program of projects to maintain
and preserve infrastructure investments on the State Highway System. Capital improvements
programmed in the SHOPP are limited to maintenance, safety, and rehabilitation of state highways and
bridges that do not add new traffic capacity.

In 2009 a project prioritization process was implemented statewide for all SHOPP projects. Under this
process, the priorities of each of the 31 SHOPP programs were ranked, and project funding decisions
were made based on association of projects to these programs. For instance, a project to improve the
resilience of a bridge at a water crossing against foundation failures from scour would be associated to a
specific program, in this example, “201.111 Bridge Scour Mitigation.” The rank of the program would
determine if this project would be funded. For purposes of project development, a target level of
funding was determined for each program within the SHOPP. Projects were prioritized within each
program and put forward for the project development process. Although this program-level approach
establishes a logical project prioritization framework, it does not adequately account for the array of
benefits that the project delivers, the diversity of improvements across multiple infrastructure assets,
and those benefits relative to the cost of the project. As a result, current funding decision outcomes can
result in a biased portfolio with concentrations of projects focused on a particular program or asset
type.

The goal of this pilot project is to develop a more objective and transparent methodology for the
prioritization of SHOPP projects based on best practices and decision-making sciences. A core team,
consisting of four Caltrans engineers, with various backgrounds and diverse expertise, was formed to
carry out the pilot project. In addition, Executive Management and SHOPP Program Managers were
engaged for input throughout the project.

An initial literature review by the team indicates that there are various competing methodologies for
decision-making and project prioritization. There are also a variety of different decision-making
software tools available with costs ranging from free to over $1 million annually. Recognizing the
limited experience in decision analysis theory of the team members, two well-regarded experts in the
field of decision analysis were brought onboard in September 2014 to provide knowledge transfer and
initial guidance. Dr. Ralph Keeney conducted interviews with Caltrans Executive Managers over the
course of a day and delivered a report compiling observations, findings, and recommendations. In an
independent effort, Dr. Lee Merkhofer organized a one-day workshop that included Caltrans Executives,

! http://www.dot.ca.gov/CIP/
2 http://www.dot.ca.gov/hg/transprog/shopp.htm
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SHOPP Division Chiefs, and SHOPP Program Managers. The workshop had both an educational and a
framework development components.

Guided by the findings and recommendations from the two consultants, the team pursued the
development of a Multi-Objective Decision Analysis (MODA) approach for project prioritization. The
appeal of MODA is that data from which decisions are made can be linked to the Department’s Mission,
Vision, and Goals, and therefore, can be used to prioritize projects. The team, through a series of
meetings with SHOPP Program Managers and subject matter experts, developed a draft Objectives
Hierarchy, serving as a blueprint for how the data can be used to score projects and shows the strategic
alignment of the data with the Department’s mission. The calculation of a project’s value is carried out
within a Value Function, comprised of sub-models. These sub-models are tied to specific objectives
within the hierarchy, and the data feeds into those sub-models in calculations used to score projects.

A prototype SHOPP Project Prioritization Tool was produced in December 2014, implemented in
Microsoft Excel. The tool applies a MODA-based value function and facilitates the evaluation and
prioritization of SHOPP projects. In summary, the tool:

e Communicates project priorities in the context of the Department’s goals, formalized in a
hierarchy of fundamental objectives and a value function.

e Assigns the value that each project is expected to deliver, identifying those projects providing
the best “bang-for-the buck.”

e (Calculates the overall value of project portfolios, given variations in funding levels, and goal
weights.

e Facilitates the assessment of “what if” scenarios (e.g., budget changes) and provides justification
for additional funding requests.

e Evaluates various scenarios where specific projects are forced to be included (or excluded) in the
portfolio.

e Compares project priorities developed using the new process against existing processes.

SHOPP Pilot Project — Phase 1: A Framework for Project Prioritization



2. Background

As a result of a recent extensive review by external partners and stakeholders, Caltrans is expediting the
implementation of an Transportation Asset Management Plan (TAMP) to improve system planning,
management, operations, and preservation with a “fix-it-first” policy. Beginning with the 2016 SHOPP,
new processes are anticipated to be in place that will improve the project selection process for greater
transparency and alignment with current goals and objectives. This pilot project is a major step in
guiding investments as a key element in the plan, allowing decision makers to achieve the greatest
“bang for the buck.”

2.1. SSTI and the Initiation of the Caltrans Improvement Project

In 2013, the State Smart Transportation Initiative (SSTI)? at the University of Wisconsin, under a contract
through the California State Transportation Agency (CalSTA), performed an assessment of the
performance of the California Department of Transportation (Caltrans). The SSTI report, published on
January 30, 2014, contained many recommendations for improvements to Caltrans business processes.*
Among these was a specific recommendation for implementing asset management practices. The
report states:

“Caltrans should modernize its stewardship effort through asset management. Establishment of
an asset management system, which will provide more efficient use of scarce system
preservation dollars, is one of the goals of the department’s own program review.”

Based on the recommendations from the SSTI report, Caltrans initiated the Caltrans Improvement
Project (CIP) and formed five workgroups to address these recommendations. CIP Workgroup No. 2,
Smart Investment and Resource Alignment, comprised of Caltrans executive management as well as
external partners, was tasked with looking at “smart investment and resource alignment.” Among many
tasks, the workgroup’s workplan states in regard to asset management:

“This workgroup’s task will expedite the implementation of an asset management plan for
Caltrans to improve system planning, management, operations and preservation with a “fix it
first” policy. It will address recommendations #2 (better matching investments to policy goals in
the mission and vision), #4 (aligning resources with goals) and #7 (focusing on freight) from the
SSTl report.”

Under the sponsorship and guidance of the CIP Workgroup 2, the SHOPP Pilot Project was pursued as
one of the first steps toward Caltrans modernizing “its stewardship effort...” and “better matching
investments to policy goals in the mission and vision.” Although just a piece of the big picture for asset

3 http://www.ssti.us/
4 The California Department of Transportation: SSTI Assessment and Recommendations,
http://www.dot.ca.gov/CIP/docs/SSTIReport.pdf
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management, the SHOPP Pilot Project will develop a decision-making framework for project selection
that will eventually identify portfolios of projects that will increase utilization and investment of
taxpayer’s funding and Caltrans’ resources.

2.2. Relation to Department’s Asset Management Efforts

Moving Ahead for Progress in the 21st Century,® defines asset management as “a strategic and
systematic process of operating, maintaining, and improving physical assets. Its focus is on engineering
and economic analysis, based upon quality information, to identify a structured sequence of
maintenance, preservation, repair, rehabilitation, and replacement actions that will achieve a desired
and sustainable state of good repair over the lifecycle of the assets at minimum practicable cost.” To
comply with State and Federal codes, the Department is developing a Transportation Asset
Management Plan (TAMP) to be implemented in the coming years.

2.2.1. Senate Bill 486 (SB 486)

On September 30, 2014, the Governor signed into law Senate Bill (SB) 486° requiring the Department, in
consultation with the California Transportation Commission (Commission), to prepare a robust TAMP to
guide the development of the State Highway Operation and Protection Program (SHOPP). This requires
the Commission to adopt related targets and performance measures that reflect state policy goals and
objectives. The statute allows for the Department to prepare the TAMP in phases.

The health and condition of the system, as documented by the TAMP, will determine an effective way of
applying the State’s limited financial resources. The legislation authorizes the Commission to decline
adoption of SHOPP programming document if it is not sufficiently consistent with the TAMP. It allows
the creation of the plan in phases: (1) the first phase to be implemented for the 2016 SHOPP; and (2)
the final phase, a complete TAMP, applied against the 2020 SHOPP. It calls for the Commission to adopt
targets and performance measures that reflect State transportation goals and objectives. The
Department will need to develop a performance report through the Commission to increase the
transparency and accountability of the SHOPP.

This SHOPP Pilot Project is intended to help meet the initial requirements of the first phase. Once the
ultimate mature tool is developed, together with other Caltrans management systems, it will assist in a
transparent project selection process and optimize the use of the State’s transportation dollars.

2.2.2. Moving Ahead for Progress in the 21st Century

The transportation reauthorization bill, Moving Ahead for Progress in the 21st Century (MAP-21), signed
in July 2012, established federal regulation governing asset management requirements for all National
Highway System (NHS) roads and bridges. It requires that each state department of transportation

5 http://www.fmcsa.dot.gov/mission/policy/map-21-moving-ahead-progress-21st-century-act
6 http://leginfo.legislature.ca.gov/faces/billINavClient.xhtmI?bill id=201320140SB486
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(DOT) develop a risk-based asset management plan for the NHS to improve or preserve the condition of
assets and the performance of the system. The plan is to include asset summary listings and conditions;
plan objectives and measures; and financial and investment strategies. Aside from pavement and
bridges, as called for in MAP-21, Caltrans will add culverts and intelligent transportation system (ITS)
elements in this initial implementation of asset management. This will be a strategic and systematic
process of operating, maintaining, and improving physical assets with a focus on engineering and
economic analysis.

2.2.3. The Transportation Asset Management Plan

In order to meet the requirements of MAP-21 and SB 486, as well as address concerns raised by the SSTI
report, a comprehensive Transportation Asset Management Plan (TAMP) is needed. An initial
development effort of the TAMP can be traced back to October 2012 and the Caltrans Program Review.
This process resulted in the preparation of the document, “Workplan for Developing a Transportation
Asset Management Plan (TAMP) v.2a” in October 2013. The Caltrans Executive Board identified the four
assets for initial focus (i.e., pavement, bridges, culvert, and ITS elements) as well as the six teams to
carry out the work (i.e., Data, Asset Analysis, Financial, Local Engagement, Risk, and Organization).

2.3. Existing SHOPP Project Prioritization Process

The purpose of the SHOPP is to maintain and preserve the State Highway System (SHS) and its
supporting infrastructure. Projects in the SHOPP are limited to capital improvements relative to
maintenance, safety, and rehabilitation of State highways and bridges — capital improvements that do
not add capacity to the system. The current SHOPP is comprised of over 31 programs all competing for
limited funding, as shown in Table 2-1. These programs can be correlated to one of nine categories.
Three categories are considered non-discretionary; that is, projects in these categories must be funded.
The remaining six categories are comprised of programs that fall under a discretionary category. In the
annual funding cycle, projects are organized in rank order based on the program to which it is
associated. Projects are funded in a top-down manner, based on program, until available funding is
exhausted.
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Table 2-1 — SHOPP Program Priorities

£ B
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201.130 1 Emergency Damage Repair [ ]

= 201.010 1 Safety Improvements [ ]

g 201.131 1 Permanent Restoration [ ]

§ 201.361 1 ADA Access Improvements

b_), 201.378 1 ADA Pedestrian Infrastructure

o& 201.235 1 Roadside Safety Improvements [ ]

§ 201.119 1 Bridge Preventive Maintenance
201.321 1  Weigh Stations & WIM Facilities
201.015 2 Collision Severity Reduction [ )

201.111 3 Bridge Scour Mitigation

201.113 4 Bridge Seismic Restoration

201.110 5 Bridge Rehabilitation

201.120 6  Roadway Rehabilitation (3R) ®
201.121 6  Roadway Preservation (CAPM) [}
201.122 6  Roadway Rehabilitation (2R) ®
201.151 7 Drainage System Restoration [
201.112 8  Bridge Rail Replacement/Upgrade )
201.335 9 Storm Water [ ]

> | 201.315 10 Transportation Management Systems [ ]

§ 201.322 11  Trans Permit Requirements for Bridges °

'% 201.150 12 Roadway Protective Betterment [

g 201.310 13  Operational Improvements [

a 201.240 14  Roadside Protection and Restoration [}
201.250 15 Safety Roadside Rest Area Rehabilitation [}
201.210 16  Roadside Rehabilitation [}
201.170 17  Signs and Lighting Rehabilitation [}
201.160 18 Relinquishments
201.325 19 Railroad at-grade Crossing
201.330 20 Hazardous Waste Mitigation
201.352 21 Maintenance Facilities
201.351 22  Equipment Facilities
201.353 23 Office Buildings
201.260 25  New Safety Roadside Rest Areas [ ]
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SHOPP program priorities were established in 2009 through a ranking exercise, formalized in a decision
document’ approved through Caltrans Executive Management. The program prioritization process was
carried out with a group of 50 representatives from all 12 Caltrans Districts and SHOPP Managers.
Participants were asked to compare each of the 31 programs against each other and assess the relative
importance of one program over another on a 3-point scale (1 = slightly more important, 2 = somewhat
more important, 3 = significantly more important). The judgments were captured using a spreadsheet,
as shown in Figure 2-1. The results of these pairwise comparisons by individuals were used in a series
of calculations to produce program priorities. Additional calculations were then performed to
determine the overall priorities established of the group.
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Figure 2-1 — Priority Matrix Worksheet used to Establish SHOPP Program Priorities

Over the next several SHOPP cycles, the priorities have been updated to match funding and changes to
the Department’s Strategic Goals for the SHOPP. However, the basic premise of the prioritization
approach has remained the same.

7 “SHOPP Decision Document 2009-3, SHOPP Priority” (internal documentation)
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3. Strategy for Change

Under the sponsorship of Executive Management, a team was established and a workplan set into
motion to pursue the development of a new SHOPP project prioritization framework. This strategy
involved getting a small team of Caltrans engineers to become more knowledgeable in decision analysis
theory in order to effectively evaluate alternatives and/or develop new processes.

3.1. Formation of the Core Team

In July 2014, the Executive Board Committee on Asset Management (EBCAM) directed the formation of
a team of four Senior Transportation Engineers from three headquarters divisions — Division of
Programming; Division of Research, Innovation and System Information; and the Director’s Office of
Strategic Management. This team, referred to as the “Core Team,” was tasked with researching
decision-making methodologies, software tool alternatives, and developing a pilot project prioritization
framework for the SHOPP.

The Core Team initially identified the need for both leadership and technical expertise. As shown in
Figure 3-1, Executive Management provided leadership and guidance. Subject Matter Experts (SMEs)
were engaged to build and refine the decision-making framework as well as provided key technical
information. This information was used to develop the value function to calculate the project benefit.
More detailed information on the scoring method of the value function is presented later in the report.

Executive Management

$ 3 3

Core Team

Tt 1 1

Subject Matter Experts

Figure 3-1 - Core Team Engagement

3.2. Research on Decision Analysis Methods and Tools

The Core Team recognized early on in the project that there was a need to become more knowledgeable
on the fundamental principles of decision analysis and project prioritization. Given the short time frame
for the pilot project, a short literature search was conducted. In addition, the team also evaluated a
number of commercial and open source decision-making tools.
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3.2.1. Decision Analysis and Project Prioritization

Decision analysis encompasses the methods and tools to systematically consider key aspects of a
decision-making problem, guides the selection of the best alternative, and establishes a logical and
transparent framework that provides insight on how decisions are made. Decision analysis is a discipline
that combines elements of operations research, management science, and systems analysis. The goal of
the decision-making process is to provide the decision maker with a logical and defensible framework
that can help articulate how choices and priorities were made. Project prioritization is a specific
implementation of decision analysis based on the same fundamental principles. Where in decision
analysis the goal is to determine the single best alternative, project prioritization aims to identify an
optimized portfolio of projects from a pool of projects.

3.2.2. Literature Search

A cursory literature search was conducted in the early weeks of the project to identify documents and
tutorials that would help get the team up to speed and conversant in project prioritization and decision
analysis methods. Online publications and articles served as a primary resource. An internet search on
the topic of “project prioritization” led to a series of informative online articles by business consultant
Lee Merkhofer which described overarching project prioritization principles and practical applications
through examples. This, in turn, led to other online articles, tutorials, and presentations on the subject
published by a wide variety of entities — university researchers discussing the merits of various methods
and mathematical models, commercial software companies in the business of developing tools,
businesses that have applied various decision-making methods and tools in practice, and governmental
agencies and partners that have established processes based on decision analysis theory. A partial
listing of online articles is presented in Table 3-1.

Table 3-1 - References

Description Website
“Project Prioritization and Project Portfolio This is a series of papers that explains http://www.prioritysyste
Management” (2014) project prioritization principles. m.com/papers.html
Lee Merkhofer Consulting
“Decision Analysis: An Overview” (1982) This article presents an overview of http://web.stanford.edu
INFORMS, Operations Research, Vol. 30, No. decision analysis and provides additional /class/ceel115/wiki/uplo
5., Ralph L. Keeney sources for its foundations, procedures, ads/Main/Schedule/Ove
history, and applications. rviewDA.pdf
“Multiple-Objective Decision Analysis This is a high-level tutorial that explains http://faculty.sites.uci.e
Involving Multiple Stakeholders” (2009) decision-making frameworks, development  du/Irkeller/files/2011/06
INFORMS, Tutorials in Operations Research, of objectives hierarchies, and case studies /multiple-objective-
Robin Keller to illustrate application of the Multi- decision-analysis-
Objective Decision Analysis (MODA) involving-ultiple-
methodology. stakeholders.pdf
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Description

Website

“Multi-Criteria Analysis: A Manual” (2009)
Department for Communities and Local
Government, UK

This manual provides guidance for
government officials and other
practitioners on how to undertake and
make the best use of multi-criteria analysis
for the appraisal of options for policy and
other decisions.

https://www.gov.uk/gov
ernment/publications/m
ulti-criteria-analysis-
manual-for-making-
government-policy

“Application of the Analytic Hierarchy
Process in Road Asset Management: User
Manual” (2007)

Austroads, Association of Australian and New
Zealand Road Transport and Traffic
Authorities

This manual provides guidance for the
application of the analytic hierarchy
process (AHP) as a decision support tool in
road asset management.

https://www.onlinepubli
cations.austroads.com.a

u/items/AP-T84-07

“States’ Approaches to

Transportation Project

Prioritization:

Linking Policy, Planning and Programming”
(2007)

Metropolitan Planning Council

This document addresses the question of
how lllinois should prioritize its
transportation project investments.
Included in the document is a synthesis of
project prioritization practices of several
state DOTs.

http://www.metroplanni
ng.org/uploads/cms/doc
uments/NationalPractice
s.pdf

“Project Prioritization Process Guidebook for
Large Urban Areas” (2014)

Mid-Region Council of Governments, New
Mexico

This manual describes a project
prioritization method used by a
Metropolitan Planning Organization in New
Mexico.

http://www.mrcog-
nm.gov/transportation/
metro-planning/project-
prioritization-process

“Guide to Cross-Asset Resource Allocation
and the Impact on Transportation System
Performance” (2015)

NCHRP Report 806

National Cooperative Highway Research
Program

This guidance includes discussion of
analytical tools to support decision-making
and is supplemented by a prototypical
spreadsheet-based implementation of the
guide’s analysis framework.

http://onlinepubs.trb.or
g/onlinepubs/nchrp/nch

rp_rpt 806.pdf

Publications by state and local transportation agencies on project prioritization methods were of
particular interest to the team.

3.2.3. The Need for Decision Analysis and Project Prioritization Methods

Project prioritization can be considered a “knapsack problem,” a term used in mathematics and
computer sciences to describe an optimization problem. In the knapsack analogy, items are selected
based on specific volumes and values and are to be packed in a knapsack with a limited volume capacity
(Figure 3-2).
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Which items should be packed?

R

Volume=5
Value=45
Volume =10
Value=40
Volume=10
8 Value=70
Volume=6
Value=35
Volume =25
Value =60 i
Volume=3
Volume=12 Value=15
Value=95

Volume Capacity = 35

Figure 3-2- Knapsack Problem

The knapsack problem closely parallels the project prioritization task in that a set of the highest priority
projects must be determined from a pool of projects given a budget constraint. Each project is unique
and produces some level of benefit (or value) based on a defined set of parameters and value
judgments. Decision makers strive to select a portfolio of projects that provide the greatest overall
benefit within the resource limits.

Unfortunately, the mathematical solution to the knapsack problem is not trivial, and approximate
solutions are frequently used in practice. Decision analysis methods and tools are used to arrive at
approximate solutions.

3.2.4. Methods for Decision Analysis

Various project prioritization and decision analysis methods were evaluated for applicability to SHOPP
project prioritization. The methods considered all fall under a general class known collectively as Multi-
Criteria Decision Analysis (MCDA) or Multi-Criteria Decision Methods (MCDM). Although methods
differed in the details and implementation, for the most part each had elements that involved the
identification of criteria or objectives, assignment of criteria or objective weights or importance, scoring,
ranking, analysis, and portfolio optimization.

Within MCDA, two major types of analysis methods were identified in the literature — Multi-Attribute
Decision Analysis (MADA), and Multi-Objective Decision Analysis (MODA). A paper published by the
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National Institute of Standards and Technology (NIST)® suggests that MODA methods are best suited to
the task of resource allocation problems, as is the case for SHOPP project prioritization. Used in
conjunction with these methods, a suite of additional decision-making methods are available. A partial
listing is presented in Table 3-2.

Table 3-2 - MCDA Methods

Partial Listing of Methods Used in Multi-Criteria Decision Analysis (MCDA)

Aggregated Indices Randomization Method (AIRM) Multi-Attribute Global Inference of Quality (MAGIQ)
Analytic Hierarchy Process (AHP) Multi-Attribute Utility Theory (MAUT)

Analytic Network Process (ANP) Multi-Attribute Value Theory (MAVT)

Best Worst Method (BWM) New Approach to Appraisal (NATA)

Characteristic Objects METhod (COMET) Nonstructural Fuzzy Decision Support System (NSFDSS)
Data Envelopment Analysis Potentially all Pairwise Rankings of all Possible

Decision EXpert (DEX) Alternatives (PAPRIKA)

Disaggregation — Aggregation Approaches (UTA, UTAII, PROMETHEE (Outranking)

UTADIS) Superiority and Inferiority Ranking Method (SIR method)
Dominance-based Rough Set Approach (DRSA) Technique for the Order of Prioritisation by Similarity to
ELECTRE (Outranking) Ideal Solution (TOPSIS)

Evidential Reasoning Approach (ER) Value Analysis (VA)

Goal Programming Value Engineering (VE)

Grey Relational Analysis (GRA) VIKOR Method

Inner Product of Vectors (IPV) Fuzzy VIKOR Method

Measuring Attractiveness by a Categorical Based Weighted Product Model (WPM)

Evaluation Technique (MACBETH) Weighted Sum Model (WSM)

A comprehensive evaluation of all possible supporting methods was not possible within the scope of the
SHOPP Pilot Project. The Core Team focused primarily on what appeared to be the most commonly
cited and implemented suite of methods within a Multi-Objective Decision Analysis (MODA) framework:
Multi-Attribute Utility Theory (MAUT), Multi-Attribute Value Theory (MAVT), and the Analytic Hierarchy
Process (AHP).

3.2.4.1. Multi-Attribute Value Theory (MAVT)

Multi-Attribute Utility Theory (MAUT) and Multi-Attribute Value Theory (MAVT) are closely related
methods that are used in decision analysis. MAUT uses “utility functions,” whereas MAVT uses “value
functions.” These are technical differences in the methods that are used to address aspects such as the
treatment of decision uncertainty. In general, MAVT can be considered a more limited version of MAUT.
MAVT implements value functions to transform criteria (e.g., GHG reduction, economic impacts, etc.)
into a dimensionless, uniform scale referred to as “value.” The aggregated value of the alternative can
then be used to prioritize multiple alternatives.

8 Norris, G. A.; Marshall, H. E., 1995. “Multiattribute Decision Analysis Method for Evaluating Buildings and
Building Systems,” NISTIR 5663; 86 p. September 1995 (http://fire.nist.gov/bfrlpubs/build95/art066.html)
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3.2.4.2. Analytic Hierarchy Process

The Analytic Hierarchy Process (AHP) is a prioritization technique that can be applied in its entirety to a
decision-making or prioritization problem. Furthermore, it can be used as one component within the
MAVT method. The AHP technique requires that the analyst elicit from the decision makers their
preferences between pairs of criteria. The degree to which one criterion is preferred more than another
is quantified, and through this pair-wise comparison approach, a set of criteria weights are established.
Alternatives are assessed in a similar manner — pairs of alternatives are evaluated for their relative
alignment with each criteria. The resulting pair-wise comparisons of alternatives combined with the
weighting are then used to generate a final list of priorities.

3.2.4.3. Multi-Objective Decision Analysis for Project Prioritization

The Core Team pursued a Multi-Objective Decision Analysis (MODA) approach for the SHOPP Pilot
Project. Specifically, a MAVT process was used and was carried out in a number of key steps, as shown
in Figure 3-3.

Objectives Data Compilation

Value Functions Scoring

Hierarchy and Analysis

Figure 3-3- MODA/MAVT Process

In this process, an Objectives Hierarchy (Figure 3-4) is developed that ties the decision maker’s high level
goals to lower level criteria that can be measured. The objectives hierarchy provides a means to
deconstruct organizational goals into fundamental objectives. Weights are determined for objectives,
and a linear-additive, multi-attribute value function is then used to combine the products of the
weighted values to determine the overall value that a project delivers. Portfolios of projects are
analyzed for sensitivity to changes in the weighting assignment, which provides insight to the decision-
making process.

— Goal . Objective/Criteria Scale/metric
Missionand = = -
Vision Goal | - Objective/Criteria Scale/metric
Sub- ;
" Objective/Criteria | “cale/metric
Objective/Criteria -
Sub-— Scale /metric
L Goal Objective/Criteria
Objective/Criteria

Scale/metric

Figure 3-4 — Framework for an Objectives Hierarchy
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In the MAVT process, scores are assigned to the lowest level elements in the hierarchy. These scores
are then aggregated using the weighting on each score and summing the components. This aggregation
provides a structured framework to bring together different considerations and perspectives of the
decision makers. Furthermore, these differences can then be isolated, analyzed, and more effectively
communicated through this framework.

3.2.5. Software Tools for Project Prioritization

The Core Team informally evaluated a number of software tools for suitability to SHOPP project
prioritization. These tools covered a wide range of feature sets, costs, deployment mechanisms, and
decision analysis methods. While many of the commercial tools were packaged as web applications,
open source and freely available tools were commonly packaged as standalone workstation applications
or Microsoft Excel spreadsheets.

Open source and freely available tools were downloaded, installed, and tested to the extent possible.
Commercial software tools offering a free trial version (typically 30 days and/or limited to a set of basic
features) were also evaluated. A rigorous evaluation protocol was not followed. Rather, the goal was to
get a reasonably good overview of the tool’s functions and its ability to:

e Manage prioritization of tens to hundreds of projects.

e Establish simple as well as multiple hierarchical criteria/objectives.

e Implement different decision analysis methods and techniques.

e Support individual and group decision analysis processes for weighting and scoring.
e Carry out sensitivity analyses of weighting.

e Report results in graphical and tabular formats.

Several of the software tools evaluated are presented in this section.

3.2.5.1. Open Source Software

Two open source, standalone software tools were identified during the search — Open Decision Maker®
and Priority Estimation Tool (PriEsT).}° These tools had a number of features in common, including:

e Implements the AHP method for criteria weighting and alternatives scoring.
e Developed as a cross-platform Java application installed on individual computers.
e Supports use of complex hierarchies of criteria.

e Freely available for use under the terms of GNU General Public License version 3.0 (GPLv3).}*

% http://opendecisionmak.sourceforge.net/
10 http://sourceforge.net/projects/priority/
11 http://www.gnu.org/licenses/gpl.html
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Both tools proved to be effective in carrying out prioritization problems within an AHP-based
framework. Both included numerous features to perform sensitivity analysis (e.g., sliders for weighting),
graphical reporting, and flexible means of data import/export (e.g., XML in PriEsT, ODBC connectivity in
Open Decision Maker). Screenshots from these tools are shown in Figure 3-5 and Figure 3-6.
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Figure 3-5 - Open Decision Maker
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3.2.5.2. Commercial Web-based Software

Figure 3-6 - Priority Estimation Tool (PriEsT)

Several web-based commercial software tools were evaluated, including Decision Lens'? (Figure 3-1),

ExpertChoice Comparion®® (Figure 3-8), MakeltRational** (Figure 3-9), and TransparentChoice®® (Figure
3-10). All of these tools support the following features:

e Group decision-making

e AHP method for criteria weighting and alternatives scoring

e Value-based or direct scoring of alternatives

e Use of complex hierarchies of criteria

e Hosting of the application and the project data by the software vendor as a service

e Client access via web browser interface

12 http://decisionlens.com/

13 http://expertchoice.com/comparion/

14 http://makeitrational.com/

15 http://www.transparentchoice.com/
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Some of the tools provided advanced features to support MAUT/MAVT-based utility and value functions
for use in scoring (e.g., Decision Lens). Some of the tools provided a business analysis functions to
consider alternative budget scenarios, phased portfolio funding, and varying portfolio scenarios (e.g.,
Decision Lens, ExpertChoice). Annual software licensing fees varied widely, ranging from hundreds of
dollars to tens of thousands of dollars to over a million dollars.
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3.2.5.3. NCHRP 08-91

A project carried out through the National Cooperative Highway Research Program (NCHRP), titled
“Cross-Asset Resource Allocation and the Impact on System Performance (NCHRP 08-91)”¢ produced a
Microsoft Excel spreadsheet (Figure 3-11) tool to carry out transportation project prioritization. The tool
was developed specifically for state transportation agencies and includes a default set of objectives and
scoring criteria. The tool implements a MODA approach that allows the use of AHP or direct assignment
of criteria weights. The spreadsheet supports scoring of projects using complex mathematical value
functions. Tradeoff analysis, alternative portfolio analysis, changes in budget, and resource allocation
analysis function are also included.

16 http://apps.trb.org/cmsfeed/TRBNetProjectDisplay.asp?ProjectlD=3398
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Figure 3-11 - NCHRP Project 08-91 Microsoft Excel-based Tool

3.2.5.4. Limitation of Tools That Only Support AHP

Because some of the tools only allow for alternatives evaluation using AHP, carrying out an analysis of
hundreds of alternatives would prove to be onerous. In the application to the SHOPP project
prioritization task, pair-wise comparisons of all pairs of projects against all criteria would be required. In
order to evaluate N number of projects, (N’ — N)/2 judgments from the decision maker are needed for
each criterion (e.g., “for criteria X, Project A is strongly favored over Project B”). To quantify this with an
example, 400 projects with 10 criteria would require 798,000 separate judgments from a single decision
maker. As such, these tools are likely best suited for use in problems where the number of alternatives
is limited or for establishing criteria weights.

3.3. SHOPP Pilot Project Workplan Development

The Core Team had originally intended to initiate a parallel research effort, through DRISI, that would be
a more long-term, in-depth analysis of decision-making methodologies and tools. It was later
determined that the research effort would take place after the SHOPP Pilot Project, as the Core Team
would have a better understanding of the needs and scope of the research project. (See Section 7.2 -
Recommendations )
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One of the first activities of the Core Team was to define the scope of the project and what the
expectations were for it. The team recognized that with the six month time frame we were given, there
were certain things that could be accomplished, but also things that would need more time and
resources. The following items were identified as feasible to accomplish within the given time frame:

e Provide early guidance on application of decision methods and tools.

e Engage subject matter experts in the development of criteria, goals, and metrics.

e Produce a draft set of objectives applicable to the SHOPP project prioritization process.
e Provide insight on pros/cons of leading decision-making methods.

e Inform executive management on the level of effort and resources required to implement
future project prioritization processes.

e Raise awareness of major issues and limitations associated with alternative decision-making
methods and software.

e Engage the expertise of decision analysis consultant(s).

e Enhance decision-making knowledge for a core group of Caltrans staff.

August 2014 — March 2015

Obtain Initial Identify the eugly Document
. MODA - :
Decision process to be Pilot Project
- Framework & A :
Analysis used for the . findings in a
. . : Test in Excel .
Expertise Pilot Project Tool Final Report

Figure 3-12 - SHOPP Pilot Project Timeline

The team also realized the need to clearly define what would not be done by this project. More
importantly, it was necessary to identify that the SHOPP Pilot Project would develop a draft set of
criteria, draft decision-making framework, draft Microsoft Excel tool, and recommendations for next
steps. Itis notintended to be a final solution. The following are identified as the activities the project
will not accomplish:

e Replace a comprehensive research effort that carefully considers decision-making methods,
tools, and applicability to Caltrans-specific use cases.

e Provide a comprehensive data integration solution for transportation asset management.

e Provide an in-depth evaluation of alternative decision-making methods and applicability to
Caltrans practices.

e Establish a finalized set of criteria for SHOPP project prioritization.

e Produce a business-ready, fully-integrated decision-making software tool.
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3.4. Engaging Decision Analysis Expertise

Prior to a prioritization effort, the Core Team engaged the participation of two nationally recognized
experts in the field of decision analysis. Dr. Ralph Keeney and Dr. Lee Merkhofer were independently
contracted to facilitate development of preliminary criteria and provide recommendations on
appropriate applications of decision-making methodology. The two experts conducted a cursory
assessment of Caltrans’ SHOPP processes and developed preliminary recommendations for moving
forward with the pilot project.

3.4.1. Consultation with Dr. Ralph Keeney

Dr. Ralph Keeney, assisted by Dr. Johannes Siebert, conducted a series of small meetings on
September 22, 2014, including an initial meeting with the Core Team and key stakeholders. Three
additional meetings were conducted over the course of the day that included members from the
Executive Board and the California Transportation Commission. Dr. Keeney’s approach was to gather
background information about the current SHOPP project prioritization process, interview key
executives about overarching priorities and goals for the envisioned process, synthesize findings, and
provide direction to Caltrans on moving forward with the development of a process. A final report was
produced, documenting observations and recommendations and is included in the Appendix.

3.4.2. Workshop Facilitated by Dr. Lee Merkhofer

Dr. Lee Merkhofer conducted a day-long workshop on September 26, 2014, that included the Core Team
and SHOPP Program Managers. Key executives participated during an hour-long session in the
afternoon. Dr. Merkhofer’s approach was to engage a broad group of stakeholders over the course of
the day to raise awareness on the basic principles of decision analysis and project prioritization and
begin to develop a generalized framework applicable to the SHOPP process. The workshop resulted in
the development of a preliminary objectives hierarchy, a charter, and recommendations, summarized in
a series of presentation slides included in the Appendix.

3.4.3. Key Findings and Outcomes

Significant observations and themes, common to both the Keeney and Merkhofer findings, are
summarized as follows:

e The existing SHOPP project prioritization criteria (based on program priorities) and the current
draft set of criteria under consideration (based on the new Caltrans’ mission, vision, goals,
objectives, and the draft California Transportation Plan (CTP) 2040)* are not consistent with key
principles of a Multi-Objective Decision Analysis (MODA) framework.

e The recommended MODA approach differs significantly from the current SHOPP project
prioritization processes in the way in which criteria are identified, and in the treatment of

17 http://www.dot.ca.gov/hq/tpp/californiatransportationplan2040/index.shtml
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project value and cost. The concept of “value” is central to the proposed process, requiring that
all aspects of the decision-making (e.g., establishing criteria, weighting, etc.) tie back to value.

e A MODA framework makes an important distinction between “means” criteria and
“fundamental” criteria. Fundamental criteria represent core organizational values, whereas
means criteria describe how to achieve them. (For example, “maximize seat belt use” is a
means criteria, whereas “minimize injuries from automobile crashes” is a fundamental criteria.)
The draft SHOPP criteria are predominantly means criteria. The use of means criteria in
decision-making models leads to mathematical inconsistencies and bias in the results.

e Alternative project prioritization methods that require a comparison of one criterion to another
(i.e., using pair-wise comparisons) without consideration of the impact on value can lead to
ambiguity in establishing a logical theoretical basis for the prioritization task.

e Acriterion’s “weight” should not be interpreted as a criterion’s “importance” in a MODA
framework. Rather, a specific interval of change in one criterion compared with an interval of
change in another criterion is used to establish the relative weight between criterion.

e Two alternative straw-man criteria hierarchies have been proposed. Dr. Keeney has proposed a
subset of the existing Caltrans goals and objectives. In contrast, Dr. Merkhofer has proposed a
different set of top-level criteria and using “cross-walks” to tie the hierarchy back to Caltrans’
goals.

3.4.4. Recommendations on Draft Objectives Hierarchies

Dr. Keeney and Dr. Merkhofer offered recommendations for starting points for developing objectives
hierarchies. Figure 3-13 and Figure 3-14 represent the team’s interpretations of these objectives
hierarchies.

— Minimize injuries

Sa:le::l:;d — Maximize safety =
Minimize fatalities —/ Number of fatalities
MISSION avoided
Provide a safe, sustainable,
integrated, and efficient
transportation system to enhance
California’s
economy and livability.
VISION L Stewa.rr,.lship and | Minimize cost Cost measured in
Efficiency dollars

A performance-driven,
transparent, and accountable
organization that values its people,
resources and
partners, and meets new
challenges through leadership,
innovation and teamwork

Minimize disruption of

Sustainability, the economy
Livability and
Economy Minimize

inconvenience

Figure 3-13 —Objectives Hierarchy Based on Dr. Keeney’s Recommendations

SHOPP Pilot Project — Phase 1: A Framework for Project Prioritization



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

VISION
A performance-driven,
transparent, and accountable
organization that values its people,
resources and

partners, and meets new
challenges through leadership,

innovation and teamwork

Minimize impacts to public and

Safety and worker health
Health o
Protecthealth, B— Maximize safety of travelers and
safety, and workers

environment
Minimize damage to Environment

Stewardship and Minimize travel time

Efficiency;
System

Maximize quality of travel time
Performance
Maximize travel
objectives of

Minimize costs to system users
transportation

system users P - -
Y. Maximize usefulness of information,

communication and options

Sustainability,

Livability and . i
E Maximize economic viability
conomy
Enhance —
California - . .

) Maximize quality of life
economics and

livability

— Maximize financial viability
Organizational

Excellence
Protect reputation, respond to

stakeholder concerns

Ensure | -
organizational
excellence

Build platform for future success

Figure 3-14 — Objectives Hierarchy Adapted from Dr. Merkhofer’s Recommendations
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4.Development of a Decision Analysis Framework

The decision analysis framework is comprised of an objectives hierarchy, a value function and its sub-
models, and scoring and weighting procedures. Collectively, these components are used to calculate a
project’s value. The project’s value-to-cost ratio is then used to determine its priority relative to other
projects. This framework is presented in this section.

4.1. Objectives Hierarchy

The Core Team developed an objectives hierarchy representing the Department’s fundamental
objectives, sub-objectives, and the relationships to Department values and data sources. The
Department’s current mission, vision, and goals statement!® served as the starting point. From this, a
set of fundamental objectives and sub-objectives were identified. These objectives were compiled by
the Core Team and were based on early guidance provided by two decision analysis experts, Dr. Keeney
and Dr. Merkhofer. The Appendix contains initial recommendations from Dr. Keeney in September 2014
and Dr. Merkhofer in October 2014. Based on a subsequent review by Dr. Merkhofer in February 2015
the objectives hierarchy was modified as presented in Figure 4-1.

Minimize injuries and fatalities of

workers
__ | Safety and Health Minimizeini.uries and fatalities on the
highway system
Minimize injuries and fatalities of
] users
Minimize cost of preserving and
__ | T Ty
Ll Stewardship and L infrastructure
Provide a safe, sustainable, — Efficiency Minimize cost to taxpayers ™
integrated, and efficient L Minimize costs to users of the
transportation system to highway system
enhance California’s
economy and livability. Minimize travel time for users of the
[ highway system
il ] Minimize inconvenience to users of
A performance-driven, the highway system o : o
transparent, and accountable - . - | Maximize travel t.lme reliability for
organization that values its g users of the highway system
people, resources and Maximize quality of travel for all
partners, and meets new mades
challenges through leadership,
innovation and teamwork
Minimize disruption of the economy
| Sustainability, Livability Minimi gative healthimp to
and Economy users, fauna, and flora resulting from
air guality degradation
Minimize damage to environment
Minimize negative impacts to users,
fauna, and flora resulting from water
| Organizational Maximize equity and access to quality degradation
Excellence multimodal transportation systems
Department Fundamental Sub-Objectives
Goals Objectives

Figure 4-1 - Objectives Hierarchy

18 http://www.dot.ca.gov/hq/paffairs/about/mission.htm
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The generalized objectives hierarchy, shown in Figure 4-1, shows the fundamental objectives and sub-
objectives as well as their alignment to the Department’s mission, vision, and goals. It is important to
note that the Organizational Excellence Goal does not have any fundamental objectives. This was based
on recommendations by Dr. Ralph Keeney. His final report states that the Organizational Excellence
Goal is “influenced more by the implications of the totality of Caltrans actions than by the selection of
specific projects.”

4.1.1. Safety and Health Objectives

The Department established the Safety and Health goal that states: “Provide a safe transportation
system for workers and users and promote health through active transportation and reduced pollution
in communities.” Key strategic objectives are as follows:

e Zero Worker Fatalities.
e Reduce user fatalities and injuries by adopting a “Toward Zero Deaths” practice.

e Promote community health through active transportation and reduced pollution in
communities.

One fundamental and two sub-objectives were identified, as shown in Figure 4-2.

Projects Addressing Worker
Safety
Minimize injuries and Benefitis determined by the
fatalities of workers overall type of project; programs
that tend to address more worker

safety features are scored higher

SHOPP project program code

Minimize injuries and
fatalities on the highway

system

Projects Addressing User Safety

o Benefitis determined by the

Minimize injuries and . .
" e owerall type of project; programs SHOPP project program code
fatalities of users
that tend to address more user
safety features are scored higher
Fundamental Sub-Objectives Benefit Sub-Models Sources of data
Objectives for Value Function

Figure 4-2 - Safety and Health Objectives

4.1.2. Stewardship and Efficiency Objectives

The Department established the Stewardship and Efficiency goal that states: “Money counts.
Responsibly manage California’s transportation-related assets.” Key strategic objectives are as follows:
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e Effectively manage transportation assets by implementing the asset management plan,

embracing a fix-it-first philosophy.

e Efficiently deliver projects and services on time and on budget.

One fundamental and two sub-objectives were identified, as shown in Figure 4-3:

Minimize cost of
preserving and
maintaining existing
highway infrastructure

Minimize cost to

taxpayers

Minimize costs to users
of the highway system

Fundamental Sub-Objectives
Objectives

Figure 4-3 - Stewardship and Efficiency Objectives

4.1.3. System Performance Objectives

Asset Preservation
Benefit calculation is a constructed
metric based on analysis of project

investment relative to life cycle
cost, risk, and other key aspects

Vehicle Operating Costs
Benefit calculation represents
extent of reduced wear on user
vehicles as a result of pavement
roughness reduction

Benefit Sub-Models
for Value Function

Value of asset, project magnitude,
SHOPP project program code,
existing condition, LCC of
treatment

Pavement IRI from HPMS/APCS
data set
http://www.dot.ca.gov/hg/tsip/hi

ms/index.php

Sources of data

The Department established the System Performance goal that states: “Utilize leadership, collaboration

and strategic partnerships to develop an integrated transportation system that provides reliable and

accessible mobility for travelers.” Key strategic objectives are as follows:

e Improve travel time reliability for all modes.

e Reduce peak period travel times and delay for all modes through intelligent transportation

systems, operational strategies, demand management, and land use/ transportation integration.

e Improve integration and operation of the transportation system.

Two fundamental and two sub-objectives were identified, as shown in Figure 4-4.
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315 Transportation Management

System)
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http://www.dot.ca.gov/hg/tsip/hy
ms/index.php

Sources of data

Objectives for Value Function

Figure 4-4 - System Performance Objectives

4.1.4. Sustainability, Livability and Economy Objectives

The Department established the Sustainability, Livability and Economy goal to “make long-lasting, smart
mobility decisions that improve the environment, support a vibrant economy, and build communities,
not sprawl.” Key strategic objectives are as follows:

e PEOPLE: Improve the quality of life for all Californians by providing mobility choice, increasing
accessibility to all modes of transportation and creating transportation corridors not only for
conveyance of people, goods, and services, but also as livable public spaces.

e PLANET: Reduce environmental impacts from the transportation system with emphasis on
supporting a statewide reduction of greenhouse gas emissions to achieve 80% below 1990 levels
by 2050.

e PROSPERITY: Improve economic prosperity of the State and local communities through a
resilient and integrated transportation system.

Three fundamental and two sub-objectives were identified, as shown in Figure 4-5.
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Figure 4-5 - Sustainability, Livability, and Economy Objectives

4.2. Calculation Framework

4.2.1. Value Function

A project’s overall value, or benefit, is determined through the aggregation of benefits derived from
benefit sub-models associated with each objective. In the calculation framework, shown in Figure 4-6,
each objective or sub-objective has a sub-model that is used to determine a score. Those scores are
multiplied by a weight, and the sum of the weighted scores are then added to produce the “project
value.” The project value is divided by the project cost to produce to “project value-to-cost ratio,” the
key metric used to in project prioritization. Details of scoring and weighting are described in more detail
later in this report. (See Section 4.5 Weighting and Scoring)
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Figure 4-6 - Value Function Calculation Framework
The value function takes the generalized form:

Project Value = (Score;)(Weight,) + (Score,)(Weight,) + ... + (Score,)(Weight,)

) ) Project Value
Project Value to Cost Ratio = ———————
Project Cost

4.3. Benefit Sub-Models

For each objective or sub-objective, a benefit sub-model is defined. These sub-models use combinations
of natural metrics, proxy metrics, and constructed metrics to assign a score of 0-100 for each objective
for each SHOPP project. These scores are used within the value function to determine the overall value
the project provides. The calculations and data sources for 11 benefit sub-models are presented in this
section.

4.3.1. Minimize Injuries and Fatalities of Workers

SHOPP projects can incorporate design features that help to mitigate worker exposure — e.g., installation
of guardrails that provide barriers between workers and live traffic, use of lower maintenance
landscaping that reduces worker trips to job sites, etc. In a rigorous analysis, this benefit sub-model
would capture the degree to which worker safety is improved by the SHOPP project based on the
condition of the project site prior to and following the completion of the project. However, due to the
limited availability of data on the condition of the existing project site and the proposed project-specific
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improvements, a rigorous measure of the degree of improvement was not feasible within the scope of

the SHOPP Pilot Project.

In the absence of a rigorous analysis, a panel of traffic safety experts was convened to explore an

alternative means of assigning value to SHOPP projects based on the effectiveness in reducing worker

injuries and fatalities. There was general consensus within the group that some types of SHOPP projects

tend to address worker safety more than others. These judgment decisions were translated into a

guantitative 0-100 scale, assigning relative value based on SHOPP program codes, as shown in Table 4-1.

Table 4-1 — Assignment of Value to Worker Safety Based on Program Codes

Program Code

Program

Worker
Safety
Benefit

201.015 Collision Severity Reduction 100
201.111 Bridge Scour Mitigation 0
201.113 Bridge Seismic Restoration 0
201.110 Bridge Rehabilitation 100
201.120 Roadway Rehabilitation (3R) 100
201.121 Roadway Preservation (CAPM) 0
201.122 Roadway Rehabilitation (2R) 50
201.151 Drainage System Restoration 50
201.112 Bridge Rail Replacement/Upgrade 100
201.335 Storm Water

201.315 Transportation Management Systems

201.322 Trans Permit Requirements for Bridges 0
201.150 Roadway Protective Betterment 50
201.310 Operational Improvements 0
201.240 Roadside Protection and Restoration 0
201.250 Safety Roadside Rest Area Rehabilitation

201.210 Roadside Rehabilitation 100
201.170 Signs and Lighting Rehabilitation 100
201.160 Relinquishments

201.325 Railroad at-grade Crossing

201.330 Hazardous Waste Mitigation

201.352 Maintenance Facilities 100
201.351 Equipment Facilities 100
201.353 Office Buildings 100
201.260 New Safety Roadside Rest Areas 0
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The calculation to estimate the value provided by the SHOPP project towards worker safety is as follows:

Table 4-2 - Calculation Steps for Minimize Injuries and Fatalities of Workers

Description

Identify the Benefit Associated with Worker Safety
1 Using the SHOPP project’s program code, determine the associated worker safety benefit
metric from Table 4-1.

Calculate Scaling Factors

Two separate scaling factors are used that take into consideration (1) exposure to traffic,
and (2) size of the project. The combination of these factors is used to scale how much
benefit the project contributes to the system relative to other projects. The assumption is
that larger projects that expose workers to higher traffic volumes have the greater
potential to bring safety benefits.

The traffic volume scaling factor (SFafic voume) is calculated from the maximum vehicle
(AADT) volume within the limits of the SHOPP project relative to all other SHOPP projects
under consideration. The details of the determination of this factor are contained in
Section 4.4. The project magnitude scaling factor, SFproject magnitude, IS determined from the
relative asset worth in dollars. The details of the determination of that factor are
contained in Section 4.4.

These two scaling factors are weighted based on an assumed contribution to scaling. For

the purpose of the SHOPP pilot project, the weights were initially set at 80% for traffic
volume exposure and 20% for project magnitude.

SFtotuI = (0~8)5Ftrafﬁc volume F (O.Z)SFproject magnitude

Scoring
The combined scaling factor and the safety benefit score is used to calculate a final score,
as follows:

3

Benefit = (SF:wotai) X (Worker Safety Benefit)

The benefit sub-model used for the SHOPP pilot project carries significant limitations in that it does not
adequately account for the specific types or scope of improvements in the projects. The calculation
relies on inference of relative levels of benefit between project categories based on judgment and
experience from prior projects.

An improvement to the calculation would be to use the “Safety Review” as a means to capture specific
safety related details about the project. The Safety Review is a formal process mandated by policy in the
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Highway Design Manual, 6™ Edition, Section 110.8, “Safety Reviews.”*° The policy states that “all
projects must be reviewed by the District Safety Review Committee prior to approval of the appropriate
project initiation document” and that “safety concepts that are identified during these safety reviews
which directly limit the exposure of employees to vehicular and bicycle traffic shall be incorporated into
the project unless deletion is approved by the District Director.” The Safety Review includes qualitative
and/or quantitative safety considerations of items, such as:

e Exposure of employees to vehicular and bicycle traffic
e Traffic control plans

e Transportation Management Plans

e Traversability of roadsides

e Elimination or other appropriate treatment of fixed objects
e Susceptibility to wrong-way moves

e Safety of construction and maintenance personnel

e Sight distance

e ADA design

e Guardrail

e Run off road concerns

e Superelevation, etc.

e Roadside management and maintenance reduction

e Access to facilities from off of the freeway

¢ Maintenance vehicle pull-out locations

19 http://www.dot.ca.gov/ha/oppd/hdm/pdf/english/chp0100.pdf
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4.3.2. Minimize Injuries and Fatalities of Users

Similar to the sub-model for worker safety, this sub-model is intended to capture the degree to which
the safety of the travelling public is improved by the SHOPP project. Many projects incorporate design
features that reduce the incidence of traffic collisions as well as mitigate the severity of injuries when
they do occur. These include relatively modest improvements (e.g., the installation of rumble strips,
lighting, traffic signals, etc.) or more extensive work (e.g., new truck climbing lanes on two-lane
highways).

Under current federal requirements, a significant portion of the SHOPP funding is mandated to be used
on safety projects through the Federal Highway Administration’s (FHWA) Highway Safety Improvement
Program (HSIP).2° Under the HSIP rules “safety projects” conform to specific criteria and are
characterized by the Traffic Safety Index (SI),%! a calculated value that factors in historic accident data at
the site and anticipated reduction in accidents, their severity, and costs as a result of the project’s
improvements. Projects having an Sl value greater than 200 are automatically funded through the
SHOPP 201.010 Program.

There are SHOPP projects that directly address safety of the travelling public; however, they do not
meet the minimum criteria of having a SI>200 per HSIP. These projects are referred to as “Collision
Severity Reduction Improvements” projects and fall under the SHOPP 201.015 Program. Types of work
can include, new or upgraded guardrails and crash cushions, school zone signals, or rumble strips.

Due to the limited availability of data on the condition of the existing project site and the proposed
project-specific improvements, a rigorous measure of the degree of improvement was not feasible
within the scope of the SHOPP Pilot Project. In the absence of this data, a proxy measure is used —a
qualitative assessment by Safety Subject Matter Experts to estimate the probability to which a project,
within each program, would contribute user safety improvements to the system. This assessment was
conducted in a consensus forum by the Safety Subject Matter Experts on February 12, 2015.

20 http://safety.fhwa.dot.gov/hsip/
21 http://www.dot.ca.gov/hq/LocalPrograms/HSIP/HSIPSIcalc&Instructions.pdf
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A score is assigned for each SHOPP project based on a qualitative assessment by the Safety Subject

Matter Experts, as follows:

Table 4-3— Assignment of Value to User Safety Based on Program Codes

(VT4
Program Code Program Safety
Benefit

201.015 Collision Severity Reduction 100
201.111 Bridge Scour Mitigation* 100
201.113 Bridge Seismic Restoration* 100
201.110 Bridge Rehabilitation 100
201.120 Roadway Rehabilitation (3R) 100
201.121 Roadway Preservation (CAPM) 0
201.122 Roadway Rehabilitation (2R) 50
201.151 Drainage System Restoration 0
201.112 Bridge Rail Replacement/Upgrade 100
201.335 Storm Water 0
201.315 Transportation Management Systems 30
201.322 Trans Permit Requirements for Bridges 0
201.150 Roadway Protective Betterment 50
201.310 Operational Improvements 70
201.240 Roadside Protection and Restoration 0
201.250 Safety Roadside Rest Area Rehabilitation 40
201.210 Roadside Rehabilitation 0
201.170 Signs and Lighting Rehabilitation 50
201.160 Relinquishments 0
201.325 Railroad at-grade Crossing 100
201.330 Hazardous Waste Mitigation 0
201.352 Maintenance Facilities 0
201.351 Equipment Facilities
201.353 Office Buildings
201.260 New Safety Roadside Rest Areas 70

* These values were initially set to "0" and the analysis results used to derive conclusions presented in this

report. These values were changed to "100" during the report review process. However, the impacts on

the overall results and findings were not found to be significant.
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The calculation to estimate the value provided by the SHOPP project towards user safety is as follows:

Table 4-4 - Calculation Steps

“Minimize Injuries and Fatalities of Users”

Description

Identify the Benefit Associated with User Safety
1 Using the SHOPP project’s program code, determine the associated u safety benefit metric
from Table 4-3.

Calculate Scaling Factors

Two separate scaling factors are used that take into consideration (1) exposure to traffic,
and (2) size of the project. The combination of these factors is used to scale how much
benefit the project contributes to the system relative to other projects. The assumption is
that larger projects that expose workers to higher traffic volumes have the greater
potential to bring safety benefits.

The traffic volume scaling factor (SFafic voume) is calculated from the maximum vehicle
(AADT) volume within the limits of the SHOPP project relative to all other SHOPP projects
under consideration. The details of the determination of this factor are contained in
Section 4.4. The project magnitude scaling factor, SFproject magnitude, IS determined from the
relative asset worth in dollars. The details of the determination of that factor are
contained in Section 4.4.

These two scaling factors are weighted based on an assumed contribution to scaling. For
the purpose of the SHOPP pilot project, the weights were initially set at 80% for traffic

volume exposure and 20% for project magnitude.

SFtotuI = (0~8)5Ftrafﬁc volume F (O.Z)SFproject magnitude

Scoring
The combined scaling factor and the safety benefit score is used to calculate a final score,
3 as follows:

Benefit = (SFtotal) X (User Safety Benefit)

This value function sub-model carries significant limitations in that the function is not based on actual
safety elements each project contributes. Potential improvements to this value function are as follows:

e Capture the types and scope of anticipated improvements. For example, this could be a
checklist that indicates the types of safety improvements included.

¢ If possible, identify an appropriate measure that would indicate the degree to which safety is
improved, collisions are avoided, severity of accidents reduced, etc.
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4.3.3. Minimize Cost of Preserving and Maintaining Existing Highway Infrastructure

Preservation of existing highway infrastructure assets is a key principle driving the SHOPP project
selection process. As noted in the 2014 SHOPP Report,?? the SHOPP is a program of projects “that have
the purpose of collision reduction, restoring damaged roadways, bridge preservation, roadway
preservation, roadside preservation, mobility enhancement, and preservation of other transportation
facilities related to the State Highway System.”

The intent of this value function is to assign a benefit score based on a project’s merit to preserve
existing infrastructure assets with cost-effective solutions. This benefit calculation is a constructed
metric that attempts to capture the variability of a few components: (A) the degree to which the project
reduces the need for future maintenance, (B) the existing condition of the asset, and (C) the
consequence to the traveler if the asset fails as a result of deferred maintenance. The primary focus of
the benefit calculation is on bridge and pavement assets, as they constitute the vast majority of the built
highway infrastructure. However, consideration is given to other key assets, such as culverts and
elements of traffic management systems.

For purposes of the SHOPP pilot project, a relatively crude scoring logic was created to quantify the
degree to which projects addressed the three components cited earlier. In this calculation framework,
each project is evaluated for its effectiveness to address asset preservation goals resulting in a score of
1, 2, or 3, as shown in Table 4-5.

Table 4-5 - Asset Preservation Calculation

Other Assets

Pavement

Type of Bridge Project: Type of Pavement Project: Type of Work:

(A)

Reduced Future

Maintenance
Intervals

3 = Rehab/Replace (110)
2 = Seismic/scour or
overhead (113, 111, 322)

3=3R(120)
2=2R(122)
1=CAPM (121)

3 = Rehab/Replace (151)
1 = Preservation (315)

(8)
Urgency Relative to
Existing Asset
Condition

NBI Bridge Sufficiency Rating
(SR):

3 =SR <50 replace
2 =50< SR < 80 rehab
1=80<SR

Pavement International
Roughness Index (IRI):

3 =Poor (IRI > 170)
2 = Acceptable (170 > IRI > 95)
1=Good (95 > IRI)

For Culvert and TMS Elements:

2 = culvert projects (151)
1=TMS elements (315), other

(9]
Consequence of Asset
Failure to Users

The consequence in the event of a failure of the asset is characterized as follows:

3 = High; failure of asset results in highway closure or long detour over extended time period (may

include 110, 111, 113, 322).

2 = Medium; failure of asset results in short-term, partial highway capacity loss period (may include 110,

111, 113, 322; all 151).

1 = Low; failure of asset does not significantly impact highway capacity (all 120, 121, 122, 315).

“Reduced