
UC Office of the President
ITS reports

Title
Meeting SB1 Transportation Systems Performance Goals

Permalink
https://escholarship.org/uc/item/32t4p6h0

Journal
ITS Reports, 2018(06)

Authors
Mauch, Michael
McKeever, Benjamin
Skabardonis, Alexander

Publication Date
2018-08-01

DOI
10.7922/G2XW4GZH

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/32t4p6h0
https://escholarship.org
http://www.cdlib.org/


 

 

  

 

 
  

Meeting SB1 Transportation 

Systems Performance Goals 

A Research Report from the University of California Institute of Transportation Studies 

Michael Mauch, Assistant Research Engineer, University of California, Berkeley 

Benjamin McKeever, Program Manager, University of California, Berkeley 

Alexander Skabardonis, Professor & Research Engineer, University of California, Berkeley 

 

 

August 2018 

PROJECT ID: UC-ITS-2018-06  |  DOI:10.7922/G2XW4GZH 

 



 

 

  

TECHNICAL REPORT DOCUMENTATION PAGE 

1. Report No. 
UC-ITS-2018-06 

2. Government Accession No. 

N/A 

3. Recipient’s Catalog No. 

N/A 

4. Title and Subtitle 
Meeting SB1 Transportation Systems Performance Goals 

 

5. Report Date 

August 2018 

6. Performing Organization Code  

ITS-Berkeley  

7. Author(s) 
Michael Mauch, Benjamin McKeever, and Alexander Skabardonis  

8. Performing Organization Report No.  

N/A 

9. Performing Organization Name and Address 
Institute of Transportation Studies, Berkeley 
109 McLaughlin Hall, MC1720 
Berkeley, CA 94720-1720 

10. Work Unit No. 

N/A 

11. Contract or Grant No. 

UC-ITS-2018-06 

12. Sponsoring Agency Name and Address 

The University of California Institute of Transportation Studies 

www.ucits.org 

13. Type of Report and Period Covered 

Final Report (July 2017 – August 2018) 

14. Sponsoring Agency Code 

UC ITS 

15. Supplementary Notes 

DOI: 10.7922/G2XW4GZH 

16. Abstract 
California’s Road Repair and Accountability Act (SB 1) invests $5.4 billion annually over the next decade to help fix 
and repair California’s transportation system. SB 1 established performance outcomes for Caltrans to meet by 2027. 
This research project directly addresses the Caltrans policy question of “How to meet the SB 1 ten-year (2027) 
mandated preliminary performance outcomes for additional state highway investments?”  More specifically, the 
study focuses on performance outcome number 4: “Not less than 90 percent of the transportation management 
system units in good condition”. As part of this project, the research team evaluated the Caltrans performance-based 
methodology to achieve the 90% performance goal in addition to completing a review of relevant reports from the 
Federal Highway Administration (FHWA), state departments of transportation, and Caltrans. The research team also 
conducted multiple meetings, phone calls and emails with Caltrans management. The research team found that the 
Caltrans Transportation Asset Management Plan, which governs its SB 1 implementation, follows FHWA guidance and 
published best asset management practices. Further, Caltrans has a solid asset management plan in place to meet 
the SB 1 target. The research team also provides several recommendations including but not limited to: 1) Caltrans 
should continue working on defining deterioration rates or models for transportation management systems (TMS), 2) 
state of being in “good condition” for TMS must be more clearly defined, 3) Caltrans should continue monitoring 
innovations in asset management, and 4) Caltrans should consider conducting more pilots of performance-based ITS 
maintenance. 

17. Key Words 

Performance measurement, asset management, highway 
maintenance, capital investments, intelligent transportation 
systems 

18. Distribution Statement 

No restrictions.  

19. Security Classif. (of this report) 

Unclassified 

20. Security Classif. (of this 
page) 

Unclassified 

21. No. of 
Pages 

39 

22. Price 

N/A 



 

 

  

Form DOT F 1700.7 (8-72) Reproduction of completed page authorized 
 

ABOUT THE UC ITS 
The University of California Institute of Transportation Studies (UC ITS) is a network of faculty, research 
and administrative staff, and students dedicated to advancing the state of the art in transportation 
engineering, planning, and policy for the people of California. Established by the Legislature in 1947, ITS 
has branches at UC Berkeley, UC Davis, UC Irvine, and UCLA. 
 
 

ACKNOWLEDGMENTS 
This study was made possible through funding received by the University of California Institute of 
Transportation Studies from the State of California’s Public Transportation Account. The authors would 
like to thank the State of California for its support of university-based research, and especially for the 
funding received for this project. The authors would also like to thank Jesse Bhullar and Brian Simi at 
Caltrans Headquarters, Division of Traffic Operations for their guidance and support during this research 
project. 
 

 

DISCLAIMER 
The contents of this report reflect the views of the author(s), who are responsible for the facts and the 
accuracy of the information presented herein. This document is disseminated under the sponsorship of 
the State of California in the interest of information exchange. The State of California assumes no 
liability for the contents or use thereof. Nor does the content necessarily reflect the official views or 
policies of the State of California. This report does not constitute a standard, specification, or 
regulation.  
  



 

 

  

 
 

 Meeting SB 1 Transportation  
Systems Performance Goals 
UNIVERSITY OF CALIFORNIA INSTITUTE OF TRANSPORTATION STUDIES 

 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
August 2018 

 
 

Michael Mauch, Assistant Research Engineer,  
Partners for Advanced Transportation technology (PATH), University of California Berkeley 

 
Benjamin McKeever, Program Manager,  

Partners for Advanced Transportation technology (PATH), University of California Berkeley 
 

Alexander Skabardonis, Research Engineer,  
Partners for Advanced Transportation technology (PATH), University of California Berkeley 

 
 
 
 
 
 
 
 



 

 

  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

[page intentionally left blank] 
 
 



 

 

  

 

TABLE OF CONTENTS  
Executive Summary ............................................................................................................... 1 

Introduction and Background................................................................................................. 3 

1.1 Introduction ......................................................................................................................3 

1.2 Description of Research Process .........................................................................................4 

1.3 Research Methodology ......................................................................................................4 

1.4 Organization of the Report .................................................................................................5 

Regulatory Setting and Review of Current Practices ............................................................... 6 

2.1 Federal and California Regulatory Requirements  ................................................................6 

2.2 FHWA Guidelines for State DOT Asset Management Practices .............................................6 

2.3 Caltrans Asset Management Practices and Tools .................................................................9 

2.4 Status of Caltrans Intelligent Transportation System Assets .............................................. 19 

2.5 Innovative Practices for ITS Asset Management ................................................................ 22 

Findings and Recommendations ........................................................................................... 28 

3.1 Findings ........................................................................................................................... 28 

3.2 Recommendations ........................................................................................................... 30 

 
 

 

 

 

 

 

 

 

 

 

  



 

 

  1 

Executive Summary 
California’s Road Repair and Accountability Act (SB 1) invests $5.4 billion annually over the next decade 
to help fix and repair California’s transportation system. It will address a backlog of repairs and 
upgrades, while ensuring a cleaner and more sustainable travel network for the future. As part of the 
overall SB 1 funding strategy, SB 1 created the Solutions for Congested Corridors Program (SCCP), 
providing $250 million annually to multimodal corridor plans that make performance improvements 
along the state's busiest highways. SB 1 also provides funding for additional programs that help address 
congestion. 

To monitor progress and to assure accountability, SB 1 established performance outcomes for Caltrans 
to meet by 2027. SB 1 provides funding and mandates a performance threshold to ensure 90 percent of 
the State’s Transportation Management Systems (TMS) units can be brought into good working order by 
2027. These TMS units are sometimes called Intelligent Transportation Systems (ITS) elements or units. 
The SB 1 language concerning this TMS performance goal is very broad which leaves a lot to be 
interpreted, defined and quantified prior to designing and executing a monitoring and implementation 
plan for meeting this SB 1 goal. 

The work completed by Caltrans over that past 5 years has set the stage for meeting the goals of 
California’s SB 1. The Caltrans Strategic Management Plan 2015-2020 describes the founding asset 
management policies and practices on which the California’s SB 1 was built. Further, the California SB 1 
implementation plan is a crucial component of the (current) California Transportation Asset 
Management Plan (TAMP) for fiscal years 2017/18 – 2026/27. Furthermore, the life cycle planning 
approach that Caltrans has adopted for their TAMP is consistent with FHWA recommended practices 
“Using a Life Cycle Planning Process to Support Asset Management” (FHWA, November 2017). 

The Caltrans performance goals for their TAMP and Senate Bill 1 are largely consistent. Their shared goal 
is to have at least 90% of the TMS units within their useful life cycle and to have their overall up-time for 
their TMS units to be 90% or better (by year 2027).  

Determination of a TMS units or system’s life cycle is not a simple task. Developing deterioration rates 
or deterioration models for TMS elements/units and systems is complex and the science of life cycle 
(i.e., deterioration) models is constantly improving. Also, newer technologies and equipment might not 
behave and deteriorate at the same rates as the older components being replaced.  

Furthermore, monitoring a TMS system of the size and complexity of the Caltrans TMS system is an 
enormous task. TMS elements on the California State Highway System will require over 80,000 
preventive maintenance checks and repairs annually to ensure maximum operability. Caltrans has an 
extensive network of ITS devices and supporting systems that make up the State’s transportation 
management system.  

According to the 2016 Asset Management Performance Report (Asset Management Plan – Phase 1), 
Caltrans was maintaining 833 Changeable Message Signs with 87% working (13% in poor condition), 
2,802 Ramp Meters with 79% working (21% in poor condition), and 42,201 freeway detectors with 64% 
working (36% in poor condition). These field systems, as well as an extensive network of computer 
servers running software, help to manage the State Highway System. These systems, which have 
become more advanced over the years, are connected by a network of fiber, wireless communications, 
and leased communications systems which provide remote access and management capabilities.  
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After completing the review of relevant Federal Highway Administration (FHWA), state department of 
transportation (DOT) and Caltrans reports and following multiple meetings, phone calls and emails with 
Caltrans management, the UC Berkeley research team found that the TAMP, which governs Caltrans’s SB 
1 implementation, follows FHWA guidance and published best asset management practices. Further, 
Caltrans has a solid asset management plan in place to meet the SB 1 target of “Not less than 90 percent 
of the transportation management system units in good condition”.  

Meeting the SB 1 goals will be challenging but because of recent efforts, Caltrans is on the right track, 
albeit this is still a significant undertaking with much work to be done between now and 2027.  

A few key recommendations are: 

• Caltrans should continue its research on developing deterioration rates or models to improve its 
asset management capabilities of the State’s TMS units. Investigating the best methods (models 
and/or empirical rates) to estimate asset management performance metrics like mean time till 
failure, useful service life, remaining service life, and deterioration rates might be an area of 
research well suited for a Caltrans - University of California partnership. 

• The importance of how Caltrans elects to define “in good condition” is a key factor for SB 1 
reporting and this should not be taken lightly. For SB 1 reporting, Caltrans should perform 
additional research and be thoughtful when crafting the definition of “in good condition”. 
Additionally, Caltrans should consider a “Good”, “Fair” and “Poor” rating system in lieu of the 
current Good vs. Poor SB 1 performance ratings. Likewise, for the TAMP, Caltrans should 
consider using quantifiable (numeric) performance metrics if possible. 

• Caltrans should explore and watch the pricing and options offered by the commercial probe 
vehicle data providers, and evaluate the cost effectiveness of eliminating non-necessary vehicle 
detector stations from its inspection and maintenance inventory. 

• Caltrans should test the effectiveness of performance-based ITS maintenance contracts by 
conducting a pilot project on one of the State’s high priority corridors. The project should build 
on lessons learned from the Metropolitan Transportation Commission (MTC) I-880 Corridor Pilot 
Project. 

The final chapter of this report contains the full set of findings and recommendations. 
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Introduction and Background 
 

1.1 Introduction1 
Currently, California's freeways and major thoroughfares are among the most congested in the United 
States. According to TRIP, a national transportation research group, traffic congestion costs California 
residents about $28 billion each year in the form of lost time and wasted fuel. And, California’s 
population and traffic congestion problems continue to grow. About 50 million people are expected to 
live in California by 2055. 
 
California’s Road Repair and Accountability Act (SB 1) invests $5.4 billion annually over the next decade 
to help fix and repair California’s transportation system. It will address a backlog of repairs and 
upgrades, while ensuring a cleaner and more sustainable travel network for the future. As part of the 
overall SB 1 funding strategy, SB 1 created the Solutions for Congested Corridors Program (SCCP), 
providing $250 million annually to multimodal corridor plans that make performance improvements 
along the state's busiest highways. SB 1 also provides funding for additional programs that help address 
congestion through their investments. 
 
To monitor progress and to assure accountability, SB 1 established five preliminary performance 
outcomes for Caltrans to meet by 2027:  
What is the box below?  

1. Not less than 98 percent of pavement on the state highway system in good or fair condition.  
2. Not less than 90 percent level of service achieved for maintenance of potholes, spalls, and 

cracks.  
3. Not less than 90 percent of culverts in good or fair condition.  
4. Not less than 90 percent of the transportation management system units in good condition.  
5. Fix not less than an additional 500 bridges.  

 

The SB 1 language in outcome number 4 calling for “not less than 90 percent of the State’s 
transportation management system units to be in good condition” is a very broad statement with 
simplistic and generalized terminology. It leaves a lot to be interpreted, defined and quantified prior to 
designing and executing a monitoring and implementation plan for meeting this SB 1 goal. Several key 
questions come to mind when reading this transportation system performance target, such as:  

• Under SB 1, how is a “transportation management system unit” defined?  What is included and 
what is not included when categorizing individual infrastructure components?   

• Which of the State’s infrastructure components meet the technical definition of a 
“transportation management system unit”?   

• How are individual infrastructure components grouped into transportation system “units”?  For 
example, in a freeway ramp metering system, is each freeway loop detector considered to be 
“transportation management system unit”?  Or, do the set of loops and their controller (at one 
interchange) constitute one “transportation management system unit”?  Or, does the ramp 
metering system for an entire corridor make up one “transportation management system unit”?   

                                                 
1 Rebuilding California website (http://rebuildingca.ca.gov, May 8, 2018). 
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• What is the technical definition and what are the thresholds used to determine whether a 
transportation system unit meets the requirements of being “in good condition”?   

• What procedures or strategies should Caltrans put in place to meet the goal of having “not less 
than 90 percent of the State’s transportation management system units to be in good 
condition”? 

The definition of “good condition” needs to be clear and provide guidance for consistent and meaningful 
performance monitoring, complete with meaningful performance thresholds that agency staff can 
understand and apply consistency across all counties and Caltrans Districts. 
 

1.2 Description of Research Process 

This research project directly addresses the Caltrans policy question of “How do we meet the SB 1 ten-
year (2027) mandated preliminary performance outcomes for additional state highway investments?”  
More specifically, the study focuses on performance outcome number 4: “Not less than 90 percent of 
the transportation management system units in good condition”. As part of this project, the research 
team evaluated the Caltrans performance-based methodology to achieve the 90% performance goal. 
Further, outcomes of this research effort can be used by Caltrans to help manage and maintain the 
Intelligent Transportation System (ITS) infrastructure that is needed to support the implementation of 
the “Shared, connected, and autonomous vehicles” research objective listed in the 2017-18 SB 1 
Research Grant RFP. 
 

1.3 Research Methodology 

The first step in meeting the SB 1 transportation systems performance goals was to assemble a panel of 
highly qualified Caltrans engineers and program managers to guide the process and assure that the 
overall project approach delivered meaningful and useful results. The research framework was designed 
to be consistent with Caltrans practices and procedures, and to compliment other Caltrans initiatives, 
planned infrastructure updates, ITS architecture master plans, and other relevant Caltrans programs.  
 
Next, the UC Berkeley researchers performed a review of best and current practices. This provided 
valuable information on lessons learned and insights from similar transportation agencies and FHWA 
programs. Following the best practices review, the UC researcher and Caltrans stakeholder team started 
the work of creating technical definitions from the generalized SB 1 language “Not less than 90 percent 
of the transportation management system units in good condition”. Once the team had consensus on 
the technical definitions for “transportation management system units”, the team looked into 
appropriate performance measures for quantifying the condition of the State’s transportation system, 
and defining appropriate thresholds for “good condition”.  
 
The final step in designing a strategy to meet the SB 1 transportation systems performance goals was to 
host a workshop where the findings were presented to a larger audience of Caltrans managers and 
engineers, eliciting their inputs and incorporating their comments, concerns and feedback into the 
program’s strategy, and upon gaining consensus on the feasibility of the findings and recommendations. 
The preliminary presentation of findings and Caltrans workshop was held on July 19, 2018 at Caltrans 
Headquarters in Sacramento. 
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1.4 Organization of the Report 

This document is the final report for the UC Institute of Transportation Studies Research Program 
funded through an allocation from SB 1. Chapter 2 contains an overview of the current federal and 
California regulations, and a review of Caltrans asset management practices leading up to and including 
the current SB 1 policies and practices. The final chapter, Chapter 3, summarizes the study’s findings and 
provides recommendations for consideration for Caltrans’ SB 1 continued implementation as it relates 
to transportation management system performance. 

 

  



 

 

  6 

Regulatory Setting and Review of Current Practices 
 

2.1 Federal and California Regulatory Requirements 2 

Federal regulations (Moving Ahead for Progress in the 21st Century (MAP-21)) and California 
Government Code (14526) both require the implementation of a Transportation Asset Management 
Plan (TAMP) to guide transportation infrastructure investments. Asset management is defined by the 
American Association of State Highway and Transportation Officials (AASHTO) as “a strategic and 
systematic process of operating, maintaining, upgrading, and expanding physical assets effectively 
throughout their life cycle. It focuses on business and engineering practices for resource allocation and 
utilization, with the objective of better decision making based upon quality information and well defined 
objectives”. 

California Government Code (CGC) requirements call for a “robust asset management plan” to guide the 
investments in the State Highway Operation and Protection Program (SHOPP). The CGC requires full 
implementation by 2020 with Phase 1 to be delivered in 2016. The scope of the TAMP under the CGC is 
not specifically defined, however subsequent action by the California Transportation Commission (CTC) 
has focused the initial implementation on pavement, bridges, culverts and intelligent transportation 
system elements. The CGC requirement is directed to the State Highway System assets and the SHOPP 
investment program. 
 
The federal regulation governing asset management was introduced in MAP-21 regulations and carried 
forward in the Fixing Americas Surface Transportation (FAST) Act. Compulsory items under federal 
regulations include the following: 

• Summary listing of the pavement and bridge assets 

• Description of the condition of those assets 

• Asset management objectives and measures 

• Performance gap identification 

• Life cycle cost and risk management analysis 

• Financial plan 

• Investment strategies 

Relevant FHWA guidelines on asset management, and current Caltrans asset management related 
practices were reviewed and are highlighted in the Chapter 2 subsections that follow. 

2.2 FHWA Guidelines for State DOT Asset Management Practices 
Because of the importance of considering the whole life of an asset in developing cost-effective 
investment strategies, FHWA published the Asset Management Rule on October 26, 2016 (becoming 
effective on October 2, 2017). This Asset Management Rule emphasizes the importance of life cycle 
planning (LCP) in its definition for asset management, as stated below: 

A strategic and systematic process of operating, maintaining, and improving 
physical assets, with a focus on both engineering and economic analysis based on 
quality information, to identify a structured sequence of maintenance, 

                                                 
2 “Asset Management Performance Report (Asset Management Plan – Phase 1)”, Page #6, Caltrans, Publication 
date unknown. 
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preservation, repair, rehabilitation, and replacement actions that will achieve and 
sustain a desired state of good repair over the life cycle of the assets at a 
minimum practical cost.3 

The Asset Management Rule (Rule) established a Life Cycle Process (LCP) approach to managing 
transportation assets and developing performance- and risk-based asset management plans.  

Shortly after, in November 2017, the Federal Highway Administration (FHWA) published the final 
document “Using a Life Cycle Planning Process to Support Asset Management” instituting guidelines to 
be used by state DOTs when establishing LCP based asset management procedures. 

The November 2017 FHWA LCP guidelines stated that LCP should be considered as an approach to 
managing transportation assets over their whole life, covering the time each asset goes into service 
after construction to the time it is retired or disposed of. The Rule defines LCP as “a process to estimate 
the cost of managing an asset class, or asset sub-group, over its whole life with consideration for 
minimizing cost while preserving or improving the condition.” 

The FHWA life cycle planning objectives centered on building a strong LCP process that would enable an 
agency to:  

• Establish a long-term focus for improving and preserving the system.  

• Develop maintenance strategies that consider long-term investment needs.  

• Determine the funding needed to achieve the desired state of good repair (SOGR).  

• Determine the conditions that can be achieved for different levels of funding.  

• Reduce the annual cost of system preservation without impacting asset conditions.  

• Provide objective data to support investment decisions.  

• Eliminate existing performance gaps.  

• Demonstrate good stewardship to internal and external stakeholder 

In the report, state DOTs were encouraged to engage partner agencies (including Metropolitan Planning 
Organizations (MPOs), local agencies, and toll authorities, for example) in the LCP process and 
encourage their use of LCP practices for managing their networks. 

The report also listed several specific requirements related to LCP that are included in the (MAP 21) Rule 
and shown in the below italicized text. 

A State DOT shall establish a process for conducting LCP for an asset class or asset sub-group at 
the network level (network to be defined by the State DOT). As a State DOT develops its LCP 
process, the State DOT should include future changes in demand; information on current and 
future environmental conditions including extreme weather events; climate change and seismic 
activity; and other factors that could impact whole life costs of assets. 

 
At a minimum, the LCP process shall include the following: 

1. The State DOT targets for asset condition for each asset class or asset sub-group; 
2. Identification of deterioration models for each asset class or asset sub-group, provided 

that identification of deterioration models for assets other than NHS pavements and 
bridges is optional; 

                                                 
3 “Using a Life Cycle Planning Process to Support Asset Management”, FHWA, November, 2017. 
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3. Potential work types across the whole life of each asset class or asset sub-group with 
their relative unit cost; and 

4. A strategy for managing each asset class or asset sub-group by minimizing its life cycle 
costs, while achieving the State DOT targets for asset condition for NHS pavements and 
bridges under 23 U.S.C. 150(d). 

The report recognizes that LCP relies heavily on the availability of reliable data, such as: 

• Asset condition information. 

• Asset condition deterioration models. The deterioration rates reflected in the models may be 
impacted by many factors, including changes in environmental conditions, which could lead to 
more frequent interventions and earlier replacement. 

• Asset maintenance and rehabilitation intervals or treatment rules that describe when and where 
a treatment is considered viable. The intervals between treatments may be shortened or 
lengthened based on traffic use, design and construction practices, or as weather conditions 
shift in the future. 

• Treatment costs. 

• Expected condition improvements, new deterioration rates, or new service-life estimates for 
each treatment. 

• Expected changes in system demand that may impact deterioration rates or treatment options. 

• Assets or areas at risk due to current or future environmental conditions. 

• Expected budget levels. 

• Inflation and discount rates. 

• System hierarchies (e.g., high-priority routes versus low-priority routes). 

• Constraints or other conditions that influence investments, such as a requirement that no more 
than 5 percent of the interstate miles can be in Poor condition. 

• Information regarding desired SOGR and/or existing performance gaps to address. 

FHWA also noted that the State DOTs are granted flexibility to tailor life cycle planning to their unique 
needs; and the intent of the FHWA life cycle planning guidance was to assist State DOTs with the 
development of their TAMPs.  

With respect to meeting California’s SB 1 TMS goal of “not less than 90 percent of the transportation 
management system units in good condition”, this places substantial responsibilities on Caltrans to: 
develop deterioration rates or deterioration models for each asset class and/or asset-sub group with 
relative unit costs; and for exercising judgement on whether simple replacement of nonfunctional or 
expired units is the best option, or whether upgrading system components provides better performing 
and more cost effective solutions. 
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2.3 Caltrans Asset Management Practices and Tools 

In response to federal and state regulations, Caltrans has established a number of asset management 
programs and practices over the past few years. Examples of these include the Strategic Management 
Plan (SMP), TAMP, SHOPP Asset Management Pilot Program, Caltrans Performance Monitoring System 
(PeMS) and several others that are related to traffic signal management. These recently established 
programs and practices will provide a sound foundation for Caltrans as they strive to meet the SB1 goals 
described in Section 1. The major Caltrans asset management programs are described in greater detail 
below.  

2.3.1 Caltrans Strategic Management Plan 2015-20204 

The Caltrans Strategic Management Plan (SMP) is a roadmap of how Caltrans intends to meet the bold 
goals it has set for itself in order to be a high-performance, efficient, innovative and modern state 
department of transportation.  

The SMP describes Caltrans’ five goals and their corresponding objectives, adding performance 
measures connected to each goal. These performance measures will, in turn, be used by Caltrans as 
tools to manage from the Plan. These five SMP goals are: 

1. Safety and Health: Provide a safe transportation system for workers and users, and promote 
health through active transportation and reduced pollution in communities. 

2. Stewardship and Efficiency: Money counts. Responsibly manage California’s transportation 
related assets. 

3. Sustainability, Livability and Economy: Make long-lasting, smart mobility decisions that improve 
the environment, support a vibrant economy, and build communities, not sprawl. 

4. System Performance: Utilize leadership, collaboration and strategic partnerships to develop an 
integrated transportation system that provides reliable and accessible mobility for travelers. 

5. Organizational Excellence: Be a national leader in delivering quality service through excellent 
employee performance, public communication and accountability. 

                                                 
4 Caltrans website (http://www.dot.ca.gov/hq/paffairs/news/pressrel/2015/15pr035.htm), May 21, 2018;  
“Caltrans Strategic management Plan 2015-2020”, Caltrans, (April 16, 2015). 
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Figure 2.1  Strategic Objectives – Caltrans Strategic Management Plan 2015 – 2020 

 

Goal 2 of the Caltrans SMP focuses on continuous and measurable improvements in “Stewardship and 
Efficiency”. The very first sentence of the section’s Goal 2 overview acknowledges that Caltrans is the 
steward of the State Highway System. The section goes on to state that: 

One of the first steps in the efficient management of the transportation system will be the 
completion and implementation of a Transportation Asset Management Plan (TAMP). In 
September 2014, Senate Bill 486 was signed by the Governor to adopt TAMP as a statutory 
requirement. The implementation of TAMP provides Caltrans with risk strategies. This, in 
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turn, will help Caltrans maximize the effectiveness of transportation investments, extend the 
life of pavement, and improve performance by examining life cycle costs. As the first phase 
of TAMP, Caltrans is conducting a State Highway Operations and Protection Program 
(SHOPP) Pilot Project in 2016. This will result in a clearer and more transparent methodology 
for SHOPP project prioritization based on several factors including: safety, sustainability, 
system performance, and efficiency.  

Furthermore and relevant to SB 1, one of the Goal 2 performance measures directly speaks to the health 
of California’s ITS elements. Equally important, the following performance measure and its target call for 
a life cycle cost analysis for 100% of the scheduled Caltrans SHOPP projects. And, the following strategic 
objective, performance measure and target speak to the actual delivery of the proposed SHOPP 
projects. 

Table 2.1 Caltrans SMP Goal 2 – Stewardship and Efficiency  

Strategic 
Objective 

Performance 
Measures 

Targets 

Effectively manage 
transportation assets by 
implementing the asset 
management plan, embracing a 
fix-it-first philosophy. 

Measure of ITS elements health, 
system operability, and 
equipment workability. 

By 2020, maintain 90% or 
better ITS elements health.* 

Percentage of projects including a 
life cycle cost analysis 
methodology for point of 
evaluation in project selection. 

By 2020, 100% of SHOPP 
projects to include a life 
cycle cost analysis 
methodology. 

Efficiently deliver projects and 
services on time and on budget. 

Percentage of planned projects 
delivered in the fiscal year. 

Deliver 100% of planned 
projects for each fiscal year. 

* These targets will be achieved through development and implementation of the Asset 
Management Plan, as required by SB 486 (Chapter 917, 2014) 

2.3.2 Caltrans 2016 Asset Management Performance Report (Asset Management Plan – Phase 1)5 

The Asset Management Performance Report provides an overview of Caltrans activities accomplished in 
2015 related to the implementation of asset management and key activities planned for 2016. The Asset 
Management Performance Report also provides the first SHOPP Performance Report addressing the 
expected performance of the four core asset classes – pavement, bridges, culverts and ITS elements. 

                                                 
5 Caltrans website (http://www.dot.ca.gov/assetmgmt/tam_guidlines_phase1.html), May 21, 2018;  
“2016 Asset management Performance Report”, Caltrans, publication date unknown. 
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In 2015, Caltrans devoted a large part of its effort to the foundational building blocks of asset 
management, which directly involves having an accurate inventory and conditional assessment of assets 
in their current state. 

Caltrans developed state specific measures for ITS elements because MAP-21 did not adequately define 
national performance measure requirements. The ITS performance measure was able to be finalized 
using a “good” and “poor” assessment related to operational status. These state specific measures were 
adopted by the CTC in March of 2015. 

A key finding in the 2016 Asset Management Performance Report was that the condition of ITS elements 
(e.g., changeable message signs, ramp meters and traffic loop detectors) were expected to lag desired 
performance levels due to a lack of projects to specifically address the lagging loop detector health. 

2.3.3 California Transportation Asset Management Plan 6 

The Caltrans Transportation Asset Management Plan (TAMP) provides the framework for understanding 
performance gaps, prioritizing actions to address the gaps, and establishes business processes that 
streamline asset management activities. The TAMP also allows Caltrans to meet both federal and state 
legislative requirements. 

The development of a formal risk-based transportation asset management plan has been mandated in 
both state and federal laws. California Government Code (CGC) Section 14526.4 defines a TAMP as a 
“document assessing the health and condition of the state highway system with which the department 
is able to determine the most effective way to apply the state’s limited resources,” however, the CGC 
provides no rubric for the development of such a plan. For this, Caltrans and the CTC have relied on the 
federal requirements established in both the MAP-21 Act and the FAST Act, to formulate what 
constitutes the TAMP. 

To engage local partners in the asset management process, Caltrans established a Transportation Asset 
Management Advisory Committee (TAMAC) comprised of MPOs, Regional Transportation Planning 
Agencies (RTPAs) and advocacy groups. The TAMAC is a standing committee that provides input on 
numerous aspects of the asset management implementation effort. Furthermore, Caltrans hosts 
regularly scheduled TAMP workshops to engage a cross section of stakeholders. The current California 
TAMP covers the ten year period from fiscal year 2017/18 through fiscal year 2026/27. 

2.3.4 2016 SHOPP Asset Management Pilot Program 7 

The 2016 SHOPP Asset Management Pilot Program began with a call for project nominations in July 
2015. The nominations were required to include at least three different departmental assets or 
objectives, and funding was capped at a maximum project value of $20 million. Each of the Caltrans 
twelve districts nominated at least one project under this pilot program. 

The 2016 SHOPP Asset Management Pilot Program resulted in the development of a transparent project 
prioritization criteria for the SHOPP, determined information that is needed at planning stages in order 
to perform the prioritization, tested the concept of funding multiple objectives in a single project, and 
established initial departmental strategic goal weights. Upgrading or replacing aging ITS infrastructure 

                                                 
6 Caltrans website (www.dot.ca.gov/assetmgmt/tam_plan1.html), May 8, 2018. 
7 Caltrans website (http://www.dot.ca.gov/assetmgmt/ampp.html), May 10, 2018 
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was a common component of various SHOPP Asset Management Pilot Programs. Two examples are 
highlighted next. 

Example #1:  Pilot Project #15 “D04 ALA 980” – This SHOPP pilot project upgraded the Advanced 
Transportation Management System (ATMS) and communications protocol interface used by the District 
4 Transportation Management Center (TMC) located at the District Headquarters in the City of Oakland. 
The proposed upgrades not only embrace the fix-it-first philosophy of the Department’s Strategic Plan 
by improving the components of the system that are directly related to these upgrades, but also by 
making the use of the District’s ITS components that are connected to ATMS more reliable and efficient. 
With the more fully integrated management system that an upgraded ATMS will provide, the use of ITS 
assets such as ramp meters, vehicle detection stations, closed circuit television cameras, and changeable 
message signs can be better managed. Additionally, moving to the upgraded system will allow for legacy 
field equipment that frequently goes down, such as Type 170 Controllers, to be replaced with more 
current hardware, such as Type 2070 Controllers, that is more reliable and can be remotely accessed, 
resulting in fewer field visits and more efficient use of the District’s repair resources. All of these 
improvements will aid in achieving the Strategic Plan target of achieving 90% or better ITS element 
health by 2020. 

Example #2:  Pilot Project #23 “D07 LA 91” – The Transportation Management System (TMS) 
communication upgrades and life cycle replacements of the closed-circuit television (CCTV) cameras and 
changeable message sign (CMS) panels in the project will extend the life of the communications system 
and those TMS field elements to over 10 years and be sustainable, thus reducing operations and 
maintenance costs. Within the project limits, there are five CMSs, fifteen CCTV cameras, and forty-nine 
ramp meter and detection stations, all communicating with the Los Angeles Regional Transportation 
Management Center through the Caltrans District 7 communication system. With the upgrade of the 
communication system, data and video management for the TMS field elements will be improved, 
resulting in less down time and maintenance repairs for the communication system, detection system, 
CCTV cameras, and the CMS along the project limits. The fifteen CCTV cameras will be replaced with 
newer, more versatile cameras with internet protocol capabilities. The CMS panels will be replaced with 
new panels for better visibility resulting in improved traveler information dissemination. With the TMS 
life cycle replacement upgrades, the transportation management strategies will help to improve travel 
reliability, reduce traffic congestion, improve system optimization, and improve overall mobility and 
access to destinations within and beyond the project limits. 

2.3.5 Caltrans Performance Monitoring System (PeMS)8  

Caltrans Performance Measurement System (PeMS) is a web-based system that displays traffic data on 
the map collected in real-time from over 39,000 individual detectors. These sensors span the freeway 
system across all major metropolitan areas of the State of California. PeMS is also an Archived Data User 
Service (ADUS) that provides over ten years of data for historical analysis. It integrates a wide variety of 
information from Caltrans and other local agency systems including: 

• Traffic Detectors • Census Traffic Counts 

• Incidents • Vehicle Classification 

• Lane Closures • Weight-In-Motion 

• Toll Tags • Roadway Inventory 

                                                 
8 Caltrans PeMS website (http://www.pems.dot.ca.gov), May 10, 2018 
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Caltrans PeMS contains multiple different reports and data visualization tools. It allows users to create 
summary and/or detailed reports on the current and historic health status of the Caltrans detection 
system. 

2.3.6 Traffic Signal Operations Business Plan 9   

The Caltrans Traffic Signal Operations Business Plan identifies the steps to achieve the Traffic Signal 
Operation Program’s objectives and goals. The overall goal of the Traffic Signal Operations Program is 
“to advance management practices and operations strategies that promote the safe and efficient use of 
arterial roadway capacity to reduce congestion.”  There are approximately 5,000 Caltrans operated 
traffic signals in California. 

2.3.7 Traffic Signal Resource Monitoring 10  

The Caltrans TRAC system is a tool that is used by traffic signal operations staff for documenting all tasks 
relating to traffic signals. TRAC is an open-source project management tool that is implemented as a 
web-based application that features the ability for users to submit “tickets”. The TRAC software is a 
management tool for Caltrans districts, as well as for Caltrans Headquarters (HQ), and provides various 
detailed reports ranging from “daily diaries” to all work done within a district, sorted by staff member. 
The total time spent on the various tasks is also recorded and documented. 

Not only do the TRAC reports reflect work done by specific location, but reports also may be obtained to 
reflect those locations that lack field reviews. In this way, districts can report on all locations that have 
been review annually, as well as over a span of several years. In addition, TRAC can provide reports on 
specific locations that have not yet been reviewed over a user-selected number of years. 

2.3.8 TMS Inventory Database 11  

Caltrans currently uses a TMS Inventory Database to track all statewide TMS assets. This database is 
populated by district personnel, who provide information on each system, such as system type, location, 
and installation date. Fact sheets on each TMS element that are updated every few years inform 
designers on replacement costs, compared to new costs, and give guidance on the most cost-effective 
solution, as well as give information on expected service life. This service life, along with the installation 
dates, can be used to provide an assessment or prediction of replacement needs. 

Along with TMS elements such as CMS, ramp meters, and CCTV, traffic signals are included in the 
statewide TMS inventory database and are updated on a weekly basis.12 

2.3.9 Traffic Signal Management and Surveillance System 13 

In 2014, Caltrans deployed the Traffic Signal Management and Surveillance System (TSMSS) across 
California. This system allows for remote communication with signalized intersections. As of 2015, there 
were 126 traffic signals connected to TSMSS. The system was designed to improve travel time reliability, 

                                                 
9 “Traffic Signal Operations Business Plan”, page #07, Caltrans, August 6, 2015. 
10 “Traffic Signal Operations Business Plan”, page #21, Caltrans, August 6, 2015. 
11 “California Transportation Asset Management Plan, Fiscal Years 2017/18-2026/27”, page #4-17, Caltrans,  
January, 2018. 
12 Traffic Signal Operations Business Plan, page #22, Caltrans, August 6, 2015. 
13 Traffic Signal Operations Business Plan, page #21, Caltrans, August 6, 2015. 
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and it allows Caltrans to post travel times and reliability metrics to the PeMS system for the public and 
other interested parties. 

2.3.10 California Transportation Asset Management Plan; FY 2017/18 – 2026/27 14 

The previously described Caltrans programs, tools and efforts have 
positioned Caltrans to develop its current TAMP which will be maintained 
and implemented over fiscal years 2017/18 through 2026/27.  

Transportation asset management (TAM) is defined by United States Code 
(23 U.S. Code § 101) as “a strategic and systematic process of operating, 
maintaining, and improving physical assets, with a focus on both 
engineering and economic analysis based upon quality information, to 
identify a structured sequence of maintenance, preservation, repair, 
rehabilitation, and replacement actions that will achieve and sustain a 
desired state of good repair over the life cycle of the assets at minimum 
practicable cost. 

Transportation Management Systems (as defined in the California TAMP) – Transportation 
management systems (TMS) are one of the four primary asset classes selected by the Commission for 
inclusion in the California TAMP. As such, TMS are subject to the same data requirements and analysis 
as National Highway System (NHS) assets and other primary State Highway System (SHS) assets in the 
TAMP.  

TMS are a broad class of technology assets on the highway system dedicated to improving operational 
efficiency and user interactions. FHWA defines TMS as complex, integrated amalgamations of hardware, 
technologies, and processes for performing an array of functions, including data acquisition, command 
and control, computing, and communications. Disruptions or failures in the performance of these 
functions can impact traffic safety, reduce system capacity, and ultimately lead the traveling public to 
lose faith in the transportation network. System failures also have the potential to cause measurable 
economic loss and increase congestion, fuel consumption, pollutants, and traffic crashes. The problem is 
further complicated by the fact that today's systems, subsystems, and components often are highly 
interdependent, meaning that a single malfunction can critically impact the ability of overall systems to 
perform their intended functions. Examples of TMS assets include vehicle detection, ramp meters, 
changeable message signs, highway advisory radios, fiber optic line, and software that powers traffic 
management centers. As defined by the CTC, Intelligent Transportation Systems (ITS) is a subset of TMS; 
a narrower class of technology assets dedicated to improving the efficiency and safety of the highway 
system. ITS are a small subset of the total assets under TMS measured by count, but ITS represents the 
bulk of TMS asset value and ongoing expenditures.  

TMS assets help reduce traveler delay, enhance safety, improve communication, and collect data on 
traffic behavior. These assets are an integral part of the SHS, performing critical functions that keep 
people, vehicles and goods moving. TMS assets also support Integrated Corridor Management (ICM) and 
help to move freight around the state efficiently. The TAMP includes information on TMS assets on the 
SHS. 

                                                 
14 “California Transportation Asset Management Plan, Fiscal Years 2017/18-2026/27”, Caltrans, January, 2018. 
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TMS Performance Measures (as defined in the California TAMP) – To monitor TMS conditions, each 
asset is classified as in good or poor condition. Good condition indicates the asset is operational and not 
obsolete. Poor condition indicates the asset is obsolete or non-operational. Fair condition is not used for 
TMS assets because condition is binary: an asset is either operational; not obsolete and thus in good 
condition, or the asset is obsolete or non-operational and thus in poor condition. 

TMS Inventory and Conditions – According to the 2017 SHSMP, there are 18,837 TMS assets on the 
Caltrans system. These TMS assets include: 

• Closed circuit televisions  

• Changeable message signs  

• Traffic monitoring detection stations 

• Highway advisory radios 

• Freeway ramp meters 

• Roadway weather information systems 

• Traffic signals 

• Traffic census stations 

• Extinguishable message signs  

 According to the 2017 SHSMP, 58.8 percent of TMS assets are in good condition and 41.2 percent are in 
poor condition. Table 2.2 shows the current condition of Caltrans’ TMS assets. 

Table 2.2 Caltrans TMS Inventory and Conditions 

 Assets Good Fair Poor 

Total 18,837 58.8% n/a 41.2% 

 

Life Cycle Planning (as defined in the California TAMP) – Chapter 4 of the 2018 California TAMP 
describes California’s life cycle planning (LCP) for its pavement, bridge, drainage and TMS assets. In the 
TAMP, Caltrans defines a life cycle plan as a strategy for managing an asset over its life to achieve a 
target level of performance while minimizing life cycle costs. Good LCP practices focus on general 
network-level asset management strategies that is, the best sequence of maintenance and rehabilitation 
treatments for a given asset type.  

This principle is illustrated by California TAMP’s Figure 4-1: “Proactive Maintenance vs. Reactive 
Maintenance” which is shown below. The graphs show condition and costs over time for two example 
scenarios: an asset management approach of regular preventive maintenance (top panel) and a costlier 
reactive approach (bottom panel). 
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Figure 4-1. Proactive Maintenance vs. Reactive Maintenance 

Source: Rhode Island DOT, Investing in Rhode Island’s Future: A 10-Year Plan to Strengthen Our State’s 
Transportation Systems. 2014. Based on an analysis published by TXDOT. Texas DOT, Typical Life Cycle 
Costs of a Highway, 2014 (http://ftp.dot.state.tx.us/pub/txdot-info/tpp/2040/Life Cycle-costs-of-a-
highway.pdf). 
 
Life Cycle Planning for Transportation Management Systems (as defined in California’s TAMP)  
The current condition of Caltrans TMS elements is monitored via the Caltrans data collection practices. A 
conceptual overview of the Caltrans life cycle planning process for TMS elements is provided next. 
Section 4.6 of California’s TAMP describes Caltrans objectives and practices with respect to life cycle 
planning for the State’s TMS elements. 
 

http://ftp.dot.state.tx.us/pub/txdot-info/tpp/2040/Life%20Cycle-costs-of-a-highway.pdf
http://ftp.dot.state.tx.us/pub/txdot-info/tpp/2040/Life%20Cycle-costs-of-a-highway.pdf
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Caltrans currently uses a TMS Inventory Database to track all statewide TMS assets. This database is 
populated by district personnel, who provide information on each system, such as system type, location, 
and installation date. Fact sheets on each TMS element that are updated every few years inform 
designers on replacement costs, compared to new costs, and give guidance on the most cost-effective 
solution, as well as give information on expected service life. This service life, along with the installation 
dates, can be used to provide an assessment or prediction of replacement needs. 

Caltrans Traffic Operations and Maintenance staff are involved in managing the health of the TMS 
network. Traffic Operations provides engineering support, initial problem troubleshooting, and 
maintains central systems, including software updates. District Maintenance is responsible for repair of 
TMS field elements and communication linkages to the Transportation Management Centers (TMCs). 
Maintenance staff place first priority on critical safety needs, such as traffic signal and lighting repair 
work. 

As of August 2017, Caltrans has a network of over 19,000 field systems, as well as an extensive network 
of computer servers running software that helps to manage the SHS. These systems, which have become 
more advanced over the years, are connected by a network of fiber, wireless communications, and 
leased communications systems which provide remote access and management capabilities. 

One of the primary reasons why LCP is challenging is that estimating the life cycle of a TMS unit can be 
difficult, because not all components of the system will have the same installation date or service life. 
Some components may be replaced as part of a larger project, such as controller or modem upgrades, or 
other portions may be replaced by a service contractor or Caltrans maintenance forces. 

The TMS elements represent a significant investment need for Caltrans as a large portion of the current 
inventory is past its expected service life and will require replacement. Complicating the issue is the fact 
that if any one of these components fail, it would need to be replaced quickly to bring the system back 
to an operational state. TMS require replacement for a variety of reasons: some require more 
maintenance than is reasonable, some become technically obsolete, and others become a network 
security risk. 

As described in the 2017 State Highway System Management Plan (SHSMP)15, the Maintenance Program 
is responsible for maintaining TMS assets. TMS elements on the SHS will require over 80,000 preventive 
maintenance checks and repairs annually to ensure maximum operability. Caltrans uses a combination 
of state and contract service addresses the maintenance needs. Assets which are at end of life, obsolete, 
or otherwise non-functional are addressed through systemic repairs, replacements, or upgrades. 

The 2017 SHSMP includes a network level LCP model for TMS assets. The model includes deterioration 
rates, treatments, and unit costs for TMS assets on the SHS. 

Caltrans is developing strategies to better manage the health of the TMS network by performing more 
extensive system health assessments, as well as greater collaboration with maintenance staff. The TMS 
database, which stores records of all district systems, is constantly being improved, and records are 
being audited and checked for clarity and completeness. 

                                                 
15 Caltrans, “2017 State Highway System Management Plan (SHSMP)”, 2017, 

http://www.dot.ca.gov/assetmgmt/documents/SHSMP.pdf 
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The TMS Master Plan is fundamental to LCP. Its purpose will be to detail deployment needs for new TMS 
installations, as well as discuss life cycle needs for existing elements. The plan will give guidance on the 
costs of maintaining a TMS inventory, as well as guidance on decommissioning existing systems when 
new technologies, such as cloud-based detection, are able to supplement or replace standard loop and 
radar detection units. 

With the need for TMS expansion in California, additional maintenance and operations staff will be 
required to preserve the TMS inventory. It is expected that over the next 10 years, the increase in 
average annual cost to maintain and operate Caltrans TMS will be over $18.5 million. 

2.4 Status of Caltrans Intelligent Transportation System Assets 

Section 2.4 provides an overview of the Caltrans ITS assets, their condition and recent trends. This 
section of the report was largely reproduced from the Caltrans 2016 Asset Management Performance 
Report. 

2.4.1 Inventory 

ITS elements increase the efficiency of the existing highway system by maximizing throughput of the 
system and through the facilitation of rapid response to clear nonrecurring delays caused primarily by 
accidents or disabled vehicles impeding efficient traffic flows. ITS assets are represented by the three 
most significant elements; ramp meters, changeable message signs and highway loop detectors. Other 
lesser cost or lesser count items such as closed circuit television cameras, weigh in motion systems, 
highway advisory radio systems are excluded from this reporting.  

The State Highway System relies on 2,802 ramp meters, 834 changeable message signs, and over 43,200 
highway traffic loop detectors to improve system operation. In total there are over 46,800 individual ITS 
elements represented by these three major types. 

2.4.2 Existing Conditions and Trends 

The most recent five years of ITS element performance and projected (forecasted) performance for the 
coming five years is presented in Figure 2.2 (reproduce from Caltrans Chart 3). The performance chart is 
based on the adopted performance measure of Good (operational) or Poor (non-operational or obsolete 
ITS/TMS elements). The performance measure is a count of elements in these two categories. The 
lagging condition is dominated by non-functioning highway loop detectors. These loop detectors are cut 
into the pavement and wired to controllers on the side of the highway. The controllers work with ramp 
meters to control the signal timing of traffic entering the highway. Loop detectors can become non-
operational for a number of reasons including damage from traffic loads, construction and copper wire 
theft or because of controller failure.  

The projections of future performance assume that the funding level available to replace poor condition 
ITS elements remains at current (2016) funding levels, service lives follow historical patterns and our 
construction buying power remains flat over the five year projection period. Figure 2.2 (Caltrans Chart 3) 
also assumes the adoption of the 2016 SHOPP projects as proposed, the execution of the proposed 
SHOPP reservation and a stable funding picture for the Maintenance Program. 
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Figure 2.2  Caltrans (2016) ITS Performance Trend and Forecast Performance 

 

Additionally, Table 2.3 shows the current health / functional status of the Caltrans detection system 
summarized by Caltrans District. Correspondingly, Table 2.4 shows the same current health / functional 
status of the Caltrans detection system summarized by sensor technology. 
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Table 2.3 Detector Health Summary by Caltrans District 16 

Caltrans District Number of Detectors Percent Good Percent Bad 

3 2,676 80.3 19.7 

4 11,193 68.1 31.9 

5 525 79.4 20.6 

6 1,528 82.2 17.8 

7 11,082 58.2 41.8 

8 5,430 60.2 39.8 

10 2,256 62.7 37.6 

11 4,317 81.2 18.8 

12 5,784 73.4 26.6 

Statewide Totals 44,791 68.8 31.2 

 
Table 2.4 Detector Health Summary by Sensor Technology 17 

Detector Type by Sensor Technology Number of Detectors Percent Good Percent Bad 

Dual Loop 17,207 80.0 20.0 

Other Loop (Unspecified) 9,977 59.2 40.8 

Single Loop 3,311 77.6 22.4 

Total Loop 30,495 72.9 27.1 

        

Sensys (Wireless Magnetometer) 2,219 19.2 80.8 

Total Magnetometers 2,219 19.2 80.8 

    

Count Only 898 85.4 14.6 

Traffic.com (Unspecified Type) 293 86.0 14.0 

Total Count & Traffic 1,191 85.6 14.4 

        

Other Radar 1,137 52.7 47.3 

ISS RTMS 867 60.0 40.0 

ISS RTMS G4 95 58.9 41.1 

Wavetronix 105 33 66.7 33.3 

Wavetronix SS125HD 342 78.1 21.9 

Total MVDS (Radar) 2,474 59.2 40.8 

        

Infotech 8 100.0 0.0 

Infotech Solar 157 42.0 58.0 

Unknown 8,247 67.7 32.3 

Total Infotech & Unknown 8,412 67.3 32.7 

        

Statewide Totals 44,791 68.8 31.2 

                                                 
16 Caltrans PeMS website (http://www.pems.dot.ca.gov), May 10, 2018 
17 Caltrans PeMS website (http://www.pems.dot.ca.gov), May 10, 2018 
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From Tables 2.3 and 2.4 and from polling PeMS on historic detector health reports, we see that the 
number of detectors in the state is increasing over time. Likewise, the percent of working detectors is 
increasing over time: 

• May 10, 2014: 39,534 detectors with 62.6% working 

• May 10, 2016: 42,171 detectors with 64.9% working 

• May 10, 2018: 44,791 detectors with 68.8% working 

Furthermore, all or nearly all of the Caltrans detection stations that are used for operational purposes 
(i.e., for demand responsive on-ramp metering) are currently linked to Caltrans PeMS.18 

2.4.3 Caltrans Investments in Asset Management 

Caltrans recognizes the need to invest more dollars in ITS asset management. The 2016 SHOPP project 
portfolio includes thirty ITS projects. These projects include a mix of element replacement and system 
build out projects. In total the 2016 SHOPP includes 1,600 rehabilitation or replacement of existing ITS 
elements and 1,100 ITS element additions to continue the system build out. The total 2016 SHOPP 
investment in the ITS elements statewide is $260 million over the four-year period from July 2016 – June 
2020 including proposed reservation. In recognition of the lagging projected performance of the ITS 
elements shown in Figure 2.2, the Department is proposing a SHOPP reservation of $150 million to allow 
additional ITS projects to be planned and included in the later years of the 2016 SHOPP (fiscal years 
2018/19 and 2019/20). This reaction to lagging performance reflects an adjustment of Caltrans’ 
investment strategy to achieve a desired performance goal. This is an example of good asset 
management.  

2.5 Innovative Practices for ITS Asset Management 

Section 2.5 discusses some of the innovative approaches to ITS Asset Management that are being 
considered by Caltrans including deployment of new technologies and use of performance-based ITS 
maintenance contracts. 

2.5.1 Deployment of New Technologies and Methods 

Caltrans will also be evaluating newer ITS technologies and data collection methods such as purchasing 
traffic data from third party providers (e.g. INRIX, HERE, etc.). These types of data services provide an 
alternative means to capture the necessary information and could be less labor intensive than 
conventional loop detection approaches. The department is also beginning to evaluate the potential of 
connected and automated vehicles to complement the state’s ITS network and enhance system 
performance. 

2.5.2 Performance Based ITS Maintenance Contracts  

Contracted ITS maintenance has proven to be a viable option to state DOTS when additional workforce 
and expertise are needed to maintain the ever growing and aging transportation infrastructure. Often 
times these contracts are structured to include performance-based incentives where the contractor is 
paid more or less depending on the performance of the TMS units. Performance-based ITS maintenance 
contracts can be introduced as focused pilot projects, sometimes focusing on a specific corridor, or they 

                                                 
18 Phone interview with Brian Simi, Caltrans HQ, Division of Traffic Operations, May 8, 2018. 
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can call for multiple years of comprehensive statewide maintenance and replacement/upgrades of ITS 
components. An example of each type of ITS maintenance contract is described below. 

Example #1:  MTC’s I-880 Corridor Pilot Project 

In 2015, Metropolitan Transportation Commission (MTC) released a request for proposals for a pilot 
project “Maintenance, Diagnostic and Repair Services of Traffic Operations System (TOS) Devices” to 
provide comprehensive maintenance, diagnostic and repair services to traffic operation system devices 
along the I-880 corridor in the San Francisco Bay Area (MTC: RFP TOS Device final.docx, August 13, 
2015). The requested services included assisting MTC and Caltrans District 4 in the management and 
maintenance of field devices, including but not limited to changeable message signs, closed circuit 
television cameras, ramp meters, and vehicle detection stations along the I-880 corridor, from I-80 in 
Alameda County to Interstate 280 in Santa Clara County, on a scheduled and as-needed basis. The 
contract is structured to compensate the contractor based on the contractor’s performance. The 
contractor’s actual monthly payment is based on the actual quantity of TOS devices maintained, and any 
performance payment adjustments. 

MTC’s performance payment structure contains four categories or levels for adjusting the contractor’s 
monthly payment incentivized by the contractor’s performance for a given month. Table 2.5 lists the 
MTC device health performance levels used to estimate the contractor’s performance; and Table 2.6 
shows the MTC’s associated payment structure. 

Table 2.5 MTC Device Health Performance Levels  

Performance Levels that Determine Monthly Routine Maintenance Payment 

 Level 1 Level 2 Level 3 Level 4 

Ramp Meter 

Greater Than or 
Equal to 90%, 
but Less Than 
93% operational 

Greater Than or 
Equal to 93%, 
but Less Than 
96% operational 

Greater Than or 
Equal to 96%, 
but Less Than 
98% operational 

Greater Than or 
Equal to 98% 
operational 

CMS 

Greater Than or 
Equal to 80%, 
but Less Than 
87% operational 

Greater Than or 
Equal to 87%, 
but Less Than 
94% operational 

Greater Than or 
Equal to 94%, 
but Less Than 
97% operational 

Greater Than or 
Equal to 97% 
operational 

CCTV 

Greater Than or 
Equal to 70%, 
but Less Than 
80% operational 

Greater Than or 
Equal to 80%, 
but Less Than 
90% operational 

Greater Than or 
Equal to 90%, 
but Less Than 
95% operational 

Greater Than or 
Equal to 95% 
operational 

Vehicle 
Detector 
Station 

Greater Than or 
Equal to 60%, 
but Less Than 
70% operational 

Greater Than or 
Equal to 70%, 
but Less Than 
80% operational 

Greater Than or 
Equal to 80%, 
but Less Than 
90% operational 

Greater Than or 
Equal to 90% 
operational 
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Table 2.6 MTC Performance Payment Structure Associated with Device Health  

 Level 1 Level 2 Level 3 Level 4 

Monthly Price 
Adjustment 

100% of 
Baseline 
Payment 

104% of 
Baseline 
Payment 

107% of 
Baseline 
Payment 

110% of 
Baseline 
Payment 

 
Monthly Payment After Performance Adjustment = Monthly Baseline Payment * Percentage rate 
corresponding to the level of performance (i.e. 100%, 104%, and etc.) 
 
In late 2015, MTC awarded a contract to Aegis ITS to perform the TOS maintenance services on I-880. As 
part of their services, Aegis ITS performs weekly drives of the I-880 corridor to inspect the status of all 
ramp meters and other TOS devices. If they come across an issue requiring a minor repair (such as 
resetting a modem) they are allowed to fix it on the spot. Major repairs such as replacing a ramp meter 
pole on a new foundation require making a request to Caltrans and receiving permission before making 
the repair. Sometimes this can delay repair work for several weeks. Aegis is also required to be on-call 
for emergency repair work. 

The MTC’s I-880 Performance-Based Pilot Project went into effect in May 01, 2016.  

At the end of Fiscal Year 2016-17 (at the pilot program’s thirteen month mark), an assessment of the 
pilot program’s performance was performed – “I-880 Performance-Based Pilot Project Assessment for 
Maintenance, Diagnostics, and Repair Services of Traffic Operations System (TOS) Devices”.  

According to the I-880 pilot project assessment report’s Executive Summary: 

• The Maintenance Contractor appears to be responding positively to the incentive payment 
structure, which means it could be an effective approach on other corridors as well. It should 
however be highlighted that a high level of coordination is required among all parties to 
implement this payment structure successfully. There are opportunities to evolve the 
preventative maintenance component to be even more effective on future corridors. For 
example, the incentive payment could be tied more closely to improving device health on a 
month-to-month basis, rather than by tying the incentive payment to the overall device health 
per the current contract. 

• Cost data shows that Caltrans’ corrective maintenance expenditures on a per-repair basis are 
higher than the third party maintenance contractor; while Caltrans’ preventative maintenance 
expenditures on a per-visit basis are lower than the contractor. In the future, using a 
combination of Caltrans staff to perform preventative maintenance and a third-party 
maintenance contractor for corrective maintenance activities might provide additional cost 
savings over the Pilot Project’s existing payment structure. 

• Data from the Trac ticket system revealed that many of the device failures are due to hardware. 
This may indicate that devices are reaching the operational end of life and need replacement. 
Devices that have reached operational end of life could lead to increased project costs over time 
as equipment continues to fail repeatedly. 
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As this project continues to move forward, it is expected that CCTV cameras, CMS, and ramp meters 
continue to perform at high operational percentages. Monitoring of preventative and corrective 
maintenance activities will continue to ensure that device failures are being identified and resolved in a 
timely and cost-effective manner. The focus will remain on repairing vehicle detection stations, which 
represent the greatest potential for demonstrating further project success. 

The most current operational performance statistics (June 30, 2018) are shown in Table 2.7. 

Table 2.7 Operational Performance Summary – MTC’s I-880 Corridor Pilot Project 

 As of 5/1/2016 As of 6/31/2018 

TOS Device % Operational % Operational 

Ramp Meters 88.6% 97.5% 

CMS 100% 100% 

CCTV Cameras 87.3% 92.6% 

Vehicle Detectors 73.6% 80.9% 

 

Example #2:  Georgia DOT Statewide ITS Maintenance 

It should be noted that MTC and District 4 Caltrans were not the first and/or only state DOT to contract 
for ITS maintenance. In the fall of 2014, Georgia Department of Transportation (GDOT) in Atlanta, 
Georgia released an Invitation to Bid for contracted ITS maintenance “To Provide Comprehensive 
Maintenance for NaviGAtor ITS Devices” (484 101614ITB, September 12, 2014). All contractors that bid 
on GDOT’s ITS Maintenance contract were required to be pre-qualified with GDOT to ensure that they 
had the skills and experience required to perform the services. In the end, GDOT’s ITS Maintenance 
Contract was awarded to Serco, Inc. and the contract has proven to be a successful model for statewide 
ITS maintenance. Previously, GDOT outsourced the maintenance of the ITS physical infrastructure in the 
State of Georgia; and those efforts experienced success in improving up-time of the associated ITS 
devices.  
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Figure 2.3  GDOT’s Devices and Subsystems for Performance-based Maintenance 

 

Additionally, GDOT took a slightly different approach than MTC in how they structured performance-
based payments to the contractor. Figure 2.4 shows a typical GDOT performance-based payment 
structure, including disincentives or deductions for non-performance. 
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Figure 2.4  GDOT’s Performance Based Payment Structure for TMS Elements 

 

  

GDOT Performance Based Payment Structure  
for Traffic Monitoring Stations (TMS) 

GDOT Base Payment – Depends on TMS operational status: 

• 80% of total device payout for each day < 95% operation 

• 70% of total device payout for each day < 90% operation 

• 60% of total device payout for each day < 80% operation  

GDOT Performance Payment – The Department will pay 103% of the monthly 
routine maintenance amount for each day that the level of service exceeds 
97%; or the Department will pay 105% of the monthly routine maintenance 
amount for each day that the level of service exceeds 99%. The Consultant shall 
be eligible for only the higher amount as appropriate.  

GDOT Non-performance Deduction – The Department’s goal is to ensure that 
the SYSTEM functions effectively. To assist in achieving this goal the 
Department will deduct $200 each day (over 20 calendar days) for Consultant’s 
failure to repair each TMS within 20 calendar days. 
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Findings and Recommendations 
This final chapter has been divided into two parts, a summary of the study findings, followed by the 
research team’s recommendations. 

3.1  Findings 

The work completed by Caltrans over that past 5 years has set the stage for meeting the goals of 
California’s SB 1. Meeting these lofty goals will be challenging but because of recent efforts, Caltrans is 
on the right track, albeit this is still a significant undertaking with much work to be done between now 
and 2027. The Caltrans Strategic Management Plan 2015-2020 describes the founding asset 
management policies and practices on which California’s SB 1 goals were built. 

In 2014, Caltrans announced five new goal areas as part of the 2015-2020 Strategic 
Management Plan: Safety and Health; Stewardship and Efficiency; Sustainability, 
Livability and Economy; System Performance; and Organizational Excellence. Caltrans’ 
asset management investment strategy, discussed in detail in the 2017 SHSMP, is to 
focus on preventive maintenance through Stewardship activities, also known as a “fix it 
first” approach. Preventive maintenance is intended to improve or preserve the condition 
of existing assets, rather than to expand system capacity. The benefit of this strategy is 
that it maintains asset condition at low cost over the life cycle of assets. 

Continuing with the “fix it first” approach introduced in the 2015 SMP, the California SB 1 
implementation plan is a crucial component of the California Transportation Asset Management Plan; 
Fiscal Years 2017/18 – 2026/27. Furthermore, the life cycle planning approach that Caltrans has adopted 
for their 2017/18– 2016/27 TAMP is consistent with FHWA recommended practices “Using a Life Cycle 
Planning Process to Support Asset Management” (FHWA, November 2017). 

Caltrans has an extensive network of ITS devices and supporting systems that make up the State’s 
transportation management system. 

As of August 2017, Caltrans has a network of over 19,000 field systems, as well as an extensive network 
of computer servers running software that helps to manage the SHS. These systems, which have become 
more advanced over the years, are connected by a network of fiber, wireless communications, and 
leased communications systems which provide remote access and management capabilities.19  The 
Caltrans Maintenance Program is responsible for maintaining TMS assets. TMS elements on the state 
highway system will require over 80,000 preventive maintenance checks and repairs annually to ensure 
maximum operability.  

Caltrans uses a combination of state and contract service addresses the TMS maintenance needs. Assets 
which are at end of life, obsolete, or otherwise non-functional are addressed through systemic repairs, 
replacements, or upgrades. In response to this and to better manage the health of the TMS network, 
Caltrans is working to improve their strategies aimed at performing more extensive system health 
assessments, as well as greater collaboration with maintenance staff. Likewise, the TMS database, which 
stores records of all district systems, is constantly being improved, and records are being audited and 
checked for clarity and completeness.20 

                                                 
19 “California Transportation Asset Management Plan, Fiscal Years 2017/18-2026/27”, Caltrans, January, 2018. 
20 “California Transportation Asset Management Plan, Fiscal Years 2017/18-2026/27”, Caltrans, January, 2018. 
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For reporting on the health or working condition of the TMS units in the Caltrans TAMP and for SB 1 
reporting purposes, performance of TMS units is measured by the percentage of units in “Good” 
condition. Currently, the condition of the TMS units are determined by whether the unit is working 
correctly and is within its life cycle. This statement contains two criteria “within its life cycle” and 
“working correctly”. 

Determination of a TMS units or system’s life cycle is not a simple task. Developing deterioration rates 
or deterioration models for TMS elements/units and systems is complex and the science of life cycle 
(deterioration) models is constantly improving. Also, newer technologies and equipment might not 
behave and deteriorate at the same rates as the older components being replaced.  

With this, forecasting near and long term needs (maintenance budgeting and scheduling) becomes 
difficult at best. From discussions with Caltrans management (and feedback provided in the July 19th 
preliminary presentation of findings and workshop at Caltrans HQ), we found that this is an ongoing 
task, and that Caltrans feels that there is room for improvement in assessing deterioration rates for their 
various TMS components/units. Modeling or forecasting deterioration rates to estimate “mean time till 
failure” or “remaining service” life of TMS units, then using remaining service life and/or mean time till 
failure as inputs to the asset management decision process are plausible alternatives.  

When scheduling TMS rehabilitation and/or maintenance, Caltrans management has recognized and 
acknowledged that sometimes it can take as much as six to nine months before the actual repairs are 
performed, once repair orders are created. Administrative delays, budget constraints, along with the 
time to order and receive the replacement parts and equipment needs to be taken into account when 
using metrics like “remaining service life” as a real-world metrics or tools for asset management 
purposes. 

Likewise, determination of working correctly is not a simple task. According to the 2016 Asset 
Management Performance Report (Asset Management Plan – Phase 1), Caltrans was maintaining 833 
Changeable Message Signs with 87% working (13% in poor condition), 2,802 Ramp Meters with 79% 
working (21% in poor condition), and 42,201 freeway detectors with 64% working (36% in poor 
condition). 

Over time the percent of working vehicle detector stations has been increasing (while the number of 
vehicle detector stations in the State is increasing. This is a sign that Caltrans’ efforts to improve asset 
management is working and that meeting the 90% goal is achievable. 

The condition rating of the TMS elements is currently a binary rating system, each TMS element is 
determined to be either “Good” or “Poor”. Moving forward, it may make more sense to use a more 
graduated condition rating rather than the all or nothing “Good” and “Poor” categories (more discussion 
on this is provided in the following Recommendations section of this report).  

The Caltrans performance goals for their TAMP and Senate Bill 1 are consistent. The SB 1 goal is to have 
“Not less than 90 percent of the transportation management system units in good condition” by 2027. 
The TAMP goal is to have at least 90% of the TMS units within their useful life cycle and to have their 
overall up-time for their TMS units to be 90% or better.21  Currently, Caltrans is not meeting these goals 
but they are not far off. 

                                                 
21 Draft TMS Fact Sheet, “TMS Executive Fact Sheet 05-15-18.doc” Caltrans, May 15, 2018. 
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After completing the review of relevant FHWA, state DOT and Caltrans reports and following multiple 
meetings, phone calls and emails with Caltrans management, the UC Berkeley research team found that 
the Caltrans TAMP, which governs its SB 1 implementation, follows FHWA guidance and published best 
asset management practices. Further, Caltrans has a solid asset management plan in place, including 
SHOPP funding, to meet the SB 1 target of “Not less than 90 percent of the transportation management 
system units in good condition”.  

If Caltrans meets its 2016 Asset Management Performance Report goals, then Caltrans will could meet 
its SB 1 90% TMS health goal by 2020, which is well before the SB 1 target date of 2027. However, the 
2016 projections are based on a few key assumptions: 1) the funding level available to replace poor 
condition ITS elements remains at current funding levels; 2) service lives follow historical patterns, and 
3) construction buying power remains flat over the 2017-2020 projection period. Meeting the 2016 
goals also assumes the adoption of the 2016 SHOPP projects as proposed, the execution of the proposed 
SHOPP reservation, and a stable funding picture for the Maintenance Program. Given these assumptions 
and that Caltrans PeMS was reporting 68.8% of the State’s 44,971 detectors were working in May 2018, 
it does not seem likely that Caltrans will meet the 2016 published goals.  

3.2 Recommendations 

To help Caltrans meet its SB 1 transportation system performance goals, the UC Berkeley research team 
offers the following list of recommendations. 

• Developing deterioration rates or deterioration models for TMS elements/units and systems is 
complex and the science of life cycle (deterioration) models is constantly improving. Also, newer 
technologies and equipment might not behave and deteriorate at the same rates as the older 
components being replaced, so forecasting longer term needs becomes difficult at best. From 
discussions with Caltrans management, we found that this is an ongoing task, and that Caltrans 
feels that there is room for improvement in assessing deterioration rates/models for their 
various TMS components/units. 

Recommendation – Caltrans should continue its research on developing deterioration rates or 
models to improve their asset management capabilities of the State’s TMS units. Investigating 
the best methods (models and/or empirical rates) to estimate asset management performance 
metrics like mean time till failure, useful service life, remaining service life, and deterioration 
rates might be an area of research well suited for a Caltrans - University of California 
partnership. 

• From our review, the definitions of “In Good Condition” remains a bit unclear for different 
categories of TMS elements. For example, a changeable message sign might be deemed to be in 
good condition when it responds as expected by passing automated self-diagnostics checks, and 
at the same time it might be considered “in poor condition” by motorist trying to decipher an 
unclear message resulting from multiple burned out light bulbs on the CMS display board. 
 
Recommendation – Caltrans should define inspection procedures that help District engineers 
define in good condition in a way that is consistent with public motorists’ expectations of a 
transportation system that is functional and in good condition. 
 

• During the best practices and regulatory reviews and during discussions with Caltrans 
management, a question repeatedly arose – Should SB 1 monitoring include a “fair condition” in 
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addition to the binomial “poor condition” or “good condition” categories that are currently 
being used?  The Caltrans performance goals for their TAMP and for SB 1 monitoring is to have 
at least 90% of the TMS units within their useful life cycle and to have their overall up-time 90% 
or better. When one considers that the useful life of TMS units can easily be in the 5-10 year 
range, it may make more sense for a more graduated condition rating rather than the all or 
nothing “Good” and “Poor” categories. 
 
Recommendation – The importance of how Caltrans decides to define “in good condition” is a 
key factor for SB 1 reporting and this should not be taken lightly. For SB 1 reporting, Caltrans 
should perform additional research and be most thoughtful when crafting the definition of “in 
good condition”. Additionally, Caltrans should consider a “Good”, “Fair” and “Poor” rating 
system in lieu of the current Good vs. Poor SB 1 performance ratings. Likewise for the TAMP, 
Caltrans should consider using quantifiable (numeric) performance metrics if possible. Plausible 
definitions of “Fair” could be units that are in good working condition but at or near the end of 
their life cycle; or maybe within the last 20% of their useful life cycle. Caltrans should perform 
additional research on how to best describe and quantify the TMS conditions for SB 1 
monitoring and asset management practices. 
 

• Another question asked on multiple occasions was “Is Caltrans PeMS the right tool for 
monitoring the health of the Caltrans detection system?”  Caltrans PeMS automatically 
generates reports on the vehicle detector station (VDS) health, which eases some of the pain of 
inspecting and monitoring the health of the State’s nearly 45,000 traffic monitoring stations. 
However, the automatically generated detector health reports might not accurately account for 
detector errors and/or problems which might cause a detector to be deemed in poor health if 
Caltrans District engineers manually and visually performed field visits on the same set of 
detectors. With this being said, we do recognize how costly and impractical it would be to 
manually inspect the State’s 45,000 vehicle detector stations on a regular basis.  
 
Recommendation – We recommend that Caltrans perform regularly scheduled field inspections 
on randomly selected samples of the vehicle detection stations and estimate if any biases exist 
as a result of relying on the PeMS system to estimate the overall health of the States vehicle 
detection system. 
 

• The Caltrans traffic monitoring detection stations serve multiple purposes, supporting both 
operational and planning efforts. Many of the mainline freeway vehicle detection stations (VDS) 
are connected to controllers for on-ramp traffic metering, and the controllers transmit the data 
from the VDS to the District TMCs where the data are processed and archived by Caltrans PeMS, 
to be used for ongoing and future planning purposes and made available to the public. This 
leads to a more complex definition of “in good condition” because the usability of the VDS data 
for planning purposes is dependent on the quality of the data. A vehicle detector that 
adequately measures vehicle occupancies for ramp metering purposes may have error rates that 
exceed 20% when capturing vehicle speeds or in vehicular volumes, which may severely limit 
the value of the VDS as data source for planning studies or for an (empirical) corridor 
performance evaluation or for a needs analysis. 
 
Recommendation – Caltrans should develop goals and objectives (including target thresholds) 
and a monitoring program for reporting and improving the reliability of the volume, speed and 
occupancy data reported by the Caltrans detection system (e.g., the in-pavement loops). The 



 

 

  32 

Caltrans traffic census stations should be included in this recommended data quality monitoring 
program along with the traffic monitoring detector stations. The traffic data quality 
improvement program does not need to be a formal component of the SB 1 reporting. 
 

• Technology is continuing to evolve and at an accelerated pace. With this, applications for new 
and advanced technology continue to grow in the transportation industry. This has never been 
truer with connected and automated vehicles being on the horizon. The intelligent 
infrastructure and advanced communication systems needed to support freeway express lanes 
management and connected vehicle systems will require maintenance activities as these pilots 
and systems are deployed on the state highway system. Traffic signal systems on non-interstate 
(state) highways are Caltrans TMS units and require inspection and maintenance too. 
 
Recommendation – To cost effectively maintain the Caltrans ITS infrastructure, Caltrans should 
perform an annual review and update of the ITS elements that are defined as TMS units to be 
included in SB 1 monitoring and SB 1 funded and scheduled repair, replacement and/or 
maintenance. For example, Caltrans could consider adding traffic signals, electronic toll 
collection devices, and express lane monitoring equipment to the list of TMS units being 
monitored. In the future this could also include vehicle-to-infrastructure (V2I) communications 
sites. 
 

• Maintaining vehicle detector stations which are not needed for ramp metering or signal control 
might be an unnecessary expense to Caltrans. Commercially available data service providers 
(e.g., INRIX, HERE, etc.) may prove more cost effective than maintaining vehicle detection 
stations that are not needed for controlling on-ramp metering or traffic signal systems. 
Additionally, these commercial datasets can provide more comprehensive data than can be 
obtained from the current Caltrans vehicle detection stations, including vehicular classification 
data, data on trip origin-destination patterns and their data reporting capabilities are expanding 
over time. They can also provide more complete data, for example these commercial datasets 
include traffic information on state roadways where no Caltrans detector stations are installed. 
 
Recommendation – Caltrans should explore and watch the pricing and options offered by the 
commercial probe vehicle data providers, and evaluate the cost effectiveness of eliminating 
non-necessary vehicle detector stations from their inspection and maintenance inventory. 
 
The Caltrans PeMS databases and web services provide freeway performance metrics that are 
currently used as inputs to other Caltrans performance reports, like the annual Mobility 
Performance Report (MPR). Additional research should be performed prior to removing 
redundant or unnecessary pavement loops (i.e., VDS) – to gain insights to how key performance 
metrics [like freeway corridor vehicle-miles-traveled (VMT), vehicle-hours-traveled (VHT), and 
vehicle-hours-delayed (VHD)] are impacted by the removal of PeMS VDS which are currently 
used for MPR estimation. Likewise, research should be performed gaining insights into how the 
MPR performance metrics will be impacted if Caltrans migrates to using commercial speed data 
in lieu of the currently provided speeds in PeMS.  
 

• Contracted ITS maintenance has proven to be a viable option to state DOTs when additional 
workforce and expertise are needed to maintain the ever growing and aging transportation 
infrastructure. This may become an even bigger issue with the growth of newer transportation 
technologies such as connected and automated vehicles. These contracts can be structured to 
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include performance-based incentives where the contractor is paid more or less depending on 
the performance of the TMS units. Performance-based ITS maintenance contracts can be 
introduced as focused pilot projects, sometimes focusing on a specific corridor, or they can call 
for multiple years of comprehensive statewide maintenance and replacement/upgrades of ITS 
components. 
 
Recommendation – Caltrans should test the effectiveness of performance-based ITS 
maintenance contracts by conducting a pilot project on one of the State’s high priority corridors. 
The pilot should cover a period of at least two years (one to establish a baseline and get the 
contractor on board and a second year to evaluate performance under the contract). The 
project should also build on lessons learned from MTC’s I-880 Corridor Pilot Project. 

We close this final chapter with one more thought and recommendation. The current TAMP and SB 1 
cover a 10-year horizon (Fiscal Years 2017/18 through 2026/27). We’ve all heard the old phrase 
“Hindsight is 20/20”. After the first two or three annual SB 1 reporting efforts, Caltrans should look back 
and review what went well and what didn’t with respect to SB 1 reporting, learn from this and allow for 
changes in their SB 1 monitoring and reporting processes. 
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