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Executive Summary

In 2017, the California State Legislature passed (and the Governor signed) Senate Bill 1 (SB1), also known as
the Road Repair and Accountability Act of 2017, to increase funding for maintaining and enhancing
transportation infrastructure. According to the California Transportation Commission, SB1 provided the first
significant, stable, and ongoing increase in state transportation funding in more than two decades.

This research project examines the severity of cost overruns, delays, and cancellations in SB1 projects thus far.
We conducted the study primarily using the official released to the public by the
California Department of Transportation (Caltrans) between 2018 and 2023. As an intermediate output, we also
developed a data informatics and visualization tool* that processes raw project data into a standard format to
facilitate data analysis and insight development. We further developed statistical models for conducting

quantitative analysis and deriving insights.

The results reveal a concerning overall pattern of cost overruns, delays, and cancellations. However, the
severity varies greatly by fiscal period, program, and location. Below, we highlight some key findings:

Around 37 percent of the transportation projects experienced cost overruns. The average cost overrun
(across all projects, not just projects with overruns) was $1.8 million with large variations. Cost
overruns are particularly severe in the State Highway Operation and Protection Program (SHOPP) and
Active Transportation Program (ATP) as well as in in District 1 (Eureka Valley area), District 10
(Stockton area), and District 75 (railroad-related projects that might cross two or more areas). Causes
of overruns include unforeseen site conditions, contractor conflicts, increased scope of work (e.g.,
sudden request to add Complete Street elements). Although the cost overruns in Fiscal Year 2021-
2022, Quarters 3-4 were $2.5 million (probably due to the COVID-19 pandemic) and then declined
back to 1.6 million in Fiscal Year 22-23, Quarter 3, overruns have steadily increased since then.

Over 60 percent of the projects experienced delays, with an average delay (across all projects, not just
delayed projects) of around 1.5 years with large variations. Causes of delays include weather
conditions, right-of-way acquisition issues, and unforeseen site conditions (e.g., need for additional
utility relocation). Furthermore, the delays have been increasing since 2018. The COVID-19 pandemic
only appears to explain a limited amount of the severe increase in average delays.

Cancellations: Our analysis found that around 373 projects (or project segments), or around two
percent of all projects, were canceled. Major reasons for project cancellations included budget
constraints, changes in project scope, and changes in priority.

1 Here is

to the data informatics and visualization tool.
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With the aid of statistical models, we find that overruns are positively associated with fiscal period,
program, and spatial location. Compared with other SB1 programs, the Trade Corridor Enhancement
Program (TCEP) performs the best in terms of budget control.

Despite our best attempts, we could not complete a comprehensive factor analysis to determine the common
causes of cost overruns and project delays, because insufficient data is released related to the reasons for

overruns and delays. It is possible that the necessary data is not even being collected.

Below, we list some implications and policy suggestions based on our findings:

Program managers should investigate the significant performance differences among programs,
districts, and implementation phases. We encourage managers responsible for different programs,
districts, and implementation phases to communicate, provide good/best practices, and help solve
each other’s challenges.

Despite data quality concerns, the data does suggest that the likelihood and severity of unexpected
events have been clearly underestimated. In their own forecasting and contingency planning, project
planners and managers should increase the likelihood and magnitude of project costs and schedule
delays. The current common practice of a 20 percent contingency is insufficient considering the
severity of overruns and delays. We also suggest explicitly including an estimate of the likelihood of
project cancellation.

Although the pandemic imposed additional challenges on project implementation, the period of no or
low traffic volumes during the pandemic also offered an opportunity to accelerate some projects. For
example, no or low traffic volumes might have offered an opportunity to accelerate some infrastructure
upgrades. We did not find this type of effort explicitly documented in SB1 projects. Going forward, we
encourage more adaptive project management practices during disruptive events (e.g., pandemics,
earthquakes, economic downturns, changes in project scope) that take advantage of the opportunities
these events might offer.

Although it is commendable that SB1 releases project performance data to the public, rather than not
sharing this data at all, we believe that a more complete (fewer null values) and accurate data coding
will further benefit the state’s understanding of project cost overruns, delays, and cancellations. For
example, we encourage the responsible agencies to list the direct and indirect reasons for cost
overruns, delays, and cancellations. Moreover, when it comes to cost increases and delays, and the
reasons for these negative outcomes, it is important that this information is provided in a timely
manner.

Careful mechanism design is needed to ensure that agencies and third parties have incentives to
provide honest and accurate estimates of costs and durations. For example, traceable records of who
did what estimates might be effective in terms of rewarding accuracy and honesty, while penalizing
biased and manipulative estimations to get projects approved.
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This research project provides valuable insights into the histories and the current status of cost overruns,
delays, and cancellations in SB1 Projects. The findings and recommendations can be used by program and
project managers to improve project outcomes and deliver successful transportation projects in California.
We foresee future research on causal analysis of the overruns, delays, and cancellations when sufficient
data are collected and released to the public. We also foresee potential future research on the indirect cost
of low project performance that California residents must bear.
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1. Introduction

In 2017, the California State Legislature passed (and the Governor signed) Senate Bill 1 (SB1), also known as
the Road Repair and Accountability Act of 2017, to increase funding for maintaining and enhancing
transportation infrastructure. According to the California Transportation Commission, SB1 provided the first
significant, stable, and ongoing increase in state transportation funding in more than two decades. This
legislative program invests $5.4 billion annually to fix roads, freeways, and bridges in communities across
California and puts more dollars toward transit and safety than previously.2 The program funds projects that
address various transportation challenges, including congestion, safety, and sustainability. Table 1 lists the two
types of SB1 programs, those fully funded by SB1 and those supplemented by SB1. Different programs have
their specific focuses and measures of effectiveness. However, a key concern for SB1-funded projects? is delays
in implementation and cost overruns, which can undermine the program'’s effectiveness. This report documents
the findings from our examination of cost overruns, implementation delays, and cancellations in SB1-funded
projects.

The transportation infrastructure projects chosen for funding affect the state’s economy, environment, and
livability in the long term. Moreover, the implementation schedule and the actual project costs are also quite
important in the long term. When there are severe cost overruns, delays, and cancellations, a natural concern is
that had decision-makers known the actual benefit-cost ratios and implementation schedules of these projects,
they might have chosen different projects. Indeed, the cost-benefit analysis in the efficiency reports* that
document the implementation efficiency measures with the goal of generating at least one hundred million
dollars per year in savings to invest in maintenance and rehabilitation of the state highway system, are largely
developed based on the assumption that the selected projects will be complete and open to the public on time
and on budget. Moreover, systematically underestimating project expense, duration, and risk may form a
vicious cycle by, in effect, incentivizing larger underestimates and penalizing honest and accurate estimates.

To better understand the performance of the grant programs supported by SB1 and to help prevent this
potentially vicious cycle, we analyze relevant projects in terms of their cost estimates and schedule changes
across different project phases. Additionally, we segment projects by type and geographic region to identify
statistically significant associations between these attributes and cost overruns, delays, and cancelations.
Moreover, we model aggregate project performance using statistical models to discover important patterns for
informing future decision-making.

In Section 2 and 3, we explain some key technical concepts and definitions and review relevant literature. We
then document how we collected and processed the data in Section 4. In Section 5 and Section 6, we present
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the results from exploratory analysis and statistical modeling, respectively. We derive policy implications in

Section 7 and conclude the report in Section 8.

Table 1. SB1 Funding Programs

Program Name

Description

Programs Fully Funded by SB1

Solutions for
Congested
Corridors Program
(SCCP)

The purpose of the SCCP is to provide funding to achieve a balanced set of
transportation, environmental, and community access improvements to reduce
congestion throughout the state. This statewide, competitive program makes $250
million available annually for projects that implement specific transportation
performance improvements and are part of a comprehensive corridor plan by
providing more transportation choices while preserving the character of local
communities and creating opportunities for neighborhood enhancement.

Trade Corridor
Enhancement
Program (TCEP)

The TCEP provides an ongoing source of state funding dedicated to freight-related
projects by establishing the new Trade Corridor Enhancement Account (TCEA). The
TCEA will provide approximately $300 million per year in state funding for projects
which more efficiently enhance the movement of goods along corridors that have a
high freight volume. Subsequent legislation (SB103), combined the Trade Corridor
Enhancement Program funds with existing federal freight funding.

Local Streets and
Roads Program
(LSRP)

The LSRP dedicates approximately $1.5 billion per year in new formula revenues
apportioned by the State Controller to cities and counties for basic road
maintenance, rehabilitation, and critical safety projects on the local streets and roads
system.

Local Partnership
Program (LPP)

The LPP provides local and regional transportation agencies that have passed sales
tax measures, developer fees, or otherwise imposed transportation fees with a
continuous appropriation of $200 million annually to fund road maintenance and
rehabilitation, sound walls, and other transportation improvement projects.

Existing Programs Augmented by SB1

State Highway
Operation and
Protection Program
(SHOPP)

The additional SB1 SHOPP investment, estimated at approximately $1.5 billion
annually, is designed to improve the condition of the State Highway System, and
$400 million annually for bridges and culverts will also have a positive impact on the
state’s economy. SB1 requires the Commission to adopt and manage the SHOPP in a
transparent and accountable manner.

Active
Transportation
Program (ATP)

The Legislature created the ATP in 2013 to encourage increased use of active modes
of transportation, such as biking and walking. SB1 directs $100 million annually to
the ATP, significantly augmenting the available funding for this popular program.

Source: https://catc.ca.gov/programs/sbl
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2. Concepts and Definitions

A project goes through multiple phases before completion. One of the primary phases is the Project
Approval/Environmental Document (PAED) phase. During this phase, the project undergoes an approval
process where environmental considerations are meticulously documented. It essentially serves as a blueprint
that outlines the project's environmental impact, mapping out strategies for minimizing adverse effects, and
securing the necessary approvals to move forward with the project.

Following PAED, the project progresses to the Plans, Specifications, and Estimate (PSE) phase. This phase
involves the development of detailed plans and specifications that guide the construction process. A
comprehensive estimate of the project cost is also formulated during this phase, incorporating all necessary
elements to ensure structured and systematic construction progress. It provides a clear roadmap for the
contractors and stakeholders involved.

After PSE, some projects may include Right-of-Way Support (RW Sup) and Right-of-Way Capital (RW Cap)
phases, where RW Sup and RW Cap can occur in parallel. The RW Sup phase encompasses negotiations,
appraisals, and relocation assistance in preparation for acquiring land required for the project. The RW Cap
phase involves land acquisition, including financing and purchasing.

As the project inches closer to initiation, it enters the Ready to List (RTL) phase. This phase signifies that the
project is sufficiently developed, with all necessary documentation in place for contractor bidding. The projects
then progress to the imminent construction phase. The construction phase of the project includes several
segments, including Construction Support (Con Sup) and Construction Capital (Con Cap). While the Con Sup
phase encompasses the technical and administrative support necessary during the construction process, the
Con Cap phase refers to the financial investments earmarked for the actual construction work.

Subsequently, the project formally enters the Begin Construction (Begin Const) phase, where physical
construction activities commence. It marks a pivotal transition from planning to action, setting the stage for
tangible progress. This phase gradually evolves to the End Construction (End Const) phase, marking the
completion of the construction activities and signaling the project's transition into the finalization process.
Lastly, the project enters the Estimate-at-Completion (EAC) phase. This final phase involves a comprehensive
analysis and compilation of the project's total costs, encapsulating all expenditures incurred throughout the
project's lifecycle. It provides a detailed financial overview, serving as a critical tool for evaluating the project's
financial management and effectiveness. These phases and their acronyms are summarized in Table 2.
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Table 2. Project Phases Definitions and Acronyms

Acronyms Terms

PAED Project Approval/Environmental Document
PSE Plans, Specifications and Estimate
RW Sup Right of Way Support

RW Cap Right of Way Capital

RW Cert Right of Way Certification

RTL Ready to List

Con Sup Construction Support

Con Cap Construction Capital

Begin Const Begin Construction

End Const End Construction

EAC Estimate at Completion

In project management, understanding financial metrics is crucial to maintain control over the project's budget
and timeline. One such metric is the Budgeted Cost of Work Scheduled (BCWS), also known as the Planned
Value (PV) or Budget at Completion (BAC). This metric refers to the approved budget allocated to complete a
specific task or set of tasks within a determined timeframe. Essentially, it represents the financial blueprint of
the project, detailing the anticipated costs at various stages of completion. It serves as a benchmark against
which actual costs can be measured, assisting in keeping the project within the stipulated budget. By
monitoring the BCWS, project managers can have a clear insight into the financial trajectory of the project,
enabling them to make informed decisions and adjustments, as necessary.

In tandem, the Budgeted Cost of Work Performance (BCWP) or Earned Value (EV) plays a complementary role
in financial management. This metric quantifies the actual cost incurred for the work performed at a specific
point in time during the project. It offers a real-time snapshot of the project's financial health, illustrating the
value earned from the work completed thus far. Essentially, it enables project managers to gauge the actual
performance against the planned budget (BCWS), providing a robust tool for assessing the project's financial
efficiency and progress. By closely tracking the BCWP, managers can identify potential deviations from the
plan early on, facilitating timely interventions and course corrections to keep the project on track. Together,
BCWS and BCWP form a vital framework for effective financial management, fostering transparency.

Despite the efforts and improvement in project and program management, cost overruns, delays, and
cancellations of transportation infrastructure projects are a recurring, and often severe, issue (1, 2). A
preliminary examination of the SB1 progress reports® reveals a concerning pattern of severe cost overruns,
delays, and cancellations. For example, Figure 1 shows the progress of a selected project (No. T0006) for
enhancing the Terminal Island railyard in the Port of Los Angeles, from the FY 2021-2022, Q2 Trade Corridor
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Enhancement Program (TCEP) progress report.c The dotted green curve illustrates the cost and time estimates
used for the grant application of the project. The solid red curve illustrates the actual cost and time for the
completed phases, and the dotted red curve illustrates the newly updated projection.

Some mitigation measures for project cost, duration, and risk estimates (e.g., contingency factors, multi-
scenario analysis, and reference class forecasting) have been shown to be effective in recent years (Park, 2021)
but have not been adopted on a large scale and have not proved to be sustainably effective.

We compared the performance of the SB1 project implementation with projects studied in the existing
literature to provide useful insights for future SB1 funding decisions. To facilitate the comparison, we used
standard metrics and principles (e.g., (1-4)). We utilized publicly available data from SB1 progress reports,
required by the California Transportation Commission (CTC), to analyze the types of projects that are more
likely to underestimate costs and duration, and to obtain novel insights into the global, national, and state-wide
problem of project cost and duration underestimation. For example, the phase-level data available from the
reports can help us answer a central question related to project delays and cost overruns: In which phase(s) of a
project do cost escalations and delays tend to occur? We can also answer this question for a variety of different
project types, infrastructure programs, and geographic locations (if sufficient project records are coded
appropriately). The results of the analysis may also shed light on the spatial equity aspect of SB1
implementation.

This report systematically examines the difference between the initial project cost and duration estimates used
for grant application and the actual project costs and duration. As we were preparing the report, most of the
projects funded fully or partially by SB1 had not yet been completed, so we adopted a hybrid approach of
jointly utilizing the BCWS and BCWP information updated for each report period and comparing them with the
original BCWS. We consolidated the data into a standard analytics format, based on which we subsequently
developed a data visualization tool. We performed basic exploratory analyses with the aid of the visualization
tool and standard descriptive and inferential statistics. Informed by the findings from the exploratory analyses,
we estimated stochastic models to study the cost overruns and schedule delays more closely and derived policy
and practice implications.
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3. Relevant Work

In the field of infrastructure development, the challenge of managing cost overruns remains a predominant
theme, both in academic circles and in real-world project implementation. As Flyvbjerg et al. (5), Flyvbjerg and
Bester (1), and Shafqat et al. (6) highlight, cost overruns are a nearly ubiquitous phenomenon, typically
attributed to a host of factors, including the complexity inherent in these projects, changes in project scope,
and unforeseen site conditions. Notable studies by Cantarelli et al. (7) and Love et al. (4) have sought to
develop frameworks that could anticipate and mitigate these overruns, emphasizing strategies like
comprehensive project planning and active stakeholder engagement as crucial in keeping costs within
originally designated budgets used for project funding applications.

Project delays also represent a vital area of study in infrastructure project management and are often examined
along with cost overruns (8, 9). Various works have linked these delays to elements such as adverse weather
conditions, contractor disputes, and unexpected site conditions (10, 11). Proactive risk management strategies,
which include meticulous planning and routine project reviews, have been proposed to alleviate the
ramifications of these delays (6).

On the other hand, project cancellations, though not as prevalent as severe cost overrun and delays, have
strong implications for the actual benefit-cost ratio of the investments. On one hand, some project
cancellations might actually be an indicator of an effective and proactive program management; on the other
hand, cancellations might indicate ineffective program planning. The literature underscores budget constraints,
alterations in project scopes, and priority shifts as the main culprits behind project cancellations (12). To
circumvent these cancellations, scholars recommend clearly articulating project objectives and fostering
constant communication with stakeholders, enabling adaptation to changing circumstances without
necessitating project abandonment (13).

Furthermore, it is pertinent to acknowledge that while overruns, delays, and cancellations are somewhat
common, their incidence may vary markedly among project types, geographic locations, and funding formulas.
These variations could be influenced by a range of factors including regulatory frameworks, socio-economic
conditions, and region-specific environmental factors. This study endeavors to dissect these variations, to glean
vital insights and lessons that could pave the way for formulating strategies that effectively counteract cost
overruns, delays, and cancellations.

In recent developments, the role of data analytics in facilitating informed decision-making has drawn
substantial attention. Scholars like Spalek (14) have accentuated the advantages that data analytics tools
confer, aiding in detailed project analysis and forward planning. In line with this more data-oriented trend, our
research employs a transparent data analysis approach for understanding the intricacies and “background” of
the data more explicitly. We hope this effort can reveal the hidden value of the related data that is already
available to the public even without using advanced statistical analytics. At the same time, we recognize that it
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is critical to heed the principle of "garbage in, garbage out.” We believe that a refined utilization of the existing
data, complemented by leveraging transparent and easy-to-use decision support tools (even without advanced
data analytics), can produce a positive trajectory in future project performance, fostering an environment
conducive to successful project planning and management.
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4. Data Collection and Standard Data Table

Our study uses approximately 1350 SB1-funded project records completed or ongoing between 2018 and
2022, officially released by Caltrans at . Despite the
possibility that multiple project records correspond to one single transportation project, we treat each project
segment corresponding to a project report as independent and analyze the project records as such.
Nevertheless, for convenience, we still refer to each record as a project or project record. We consider this
assumption reasonable as transportation projects are often segmented so that they can be performed in a
relatively independent/parallel manner.

As the public records for four time periods did not provide data in .CSV or .XLSX format (and we were not able
to obtain such data directly from Caltrans), and since time and budgeting did not allow us to manually convert
the PDF data to CSV data (we tested various methods to automatically convert the data with the PDF format,
but the results were not satisfactory due to the irregularity and lack of patterns of the data in the PDF files), we
did not study every single reporting period. However, the seven periods with available .CSV or .XLSX data
include valuable information about SB1 project performance thus far.

Unfortunately, the monetary costs of different projects shown in the progress reports are stated in present
value, where the definition of “present” is unclear. Therefore, it would have been challenging to convert all the
present values into the same year to make apples-to-apples comparisons. Hence, we used the nominal values in
each project report without discounting cash flows or adjusting for inflation. We also excluded all projects with
incomplete or unreliable data from our analysis to maintain the integrity of our results. We then performed a
data cleaning process to address any inconsistencies, missing values, and potential outliers. We examined
outliers and, if necessary, we removed them from the dataset. Specifically, after both examining the
distribution of project costs, as well as the description of projects with the highest costs, we decided to remove
projects with costs exceeding “$10 billion” as costs this high seemed unreasonable. We suspect staff
mistakenly reported project costs in dollars instead of thousands of dollars for these projects costing over $10
billion. Table 3 lists example projects that we considered outliers.
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Table 3. Selected Projects/Segments Outliers Dropped from Analysis

Time period | Program | No. PPNO | Total Total Total Total EAC | Total
Approve | Budget | Expende | (1k USD) Overrun
d (1k d (1k USD)
(1k USD) | UsSD) (1k USD)
FY 18-19 Q4 | TCEP 6 6955 50,000 25,000 8,974 5,553,474 5,503,474
FY 18-19 Q4 | SHOPP 454 1339 27,130 27,130 10,190 20,740,447 | 20,713,317
FY 21-22 Q3- | ATP 303 5861A | 3,196 3,196 1,099,000 | 1,099,000 | 1,095,804
4
FY 22-23 Q1 | ATP 273 5669 898 898 17 1,616,773 1,615,875
FY 22-23 Q2 | SHOPP 660 3531 2,601 2,601 300 1,872,566 1,869,965
FY22-23Q3 | ATP 77 5406 19,956 0 7,364,000 | 27,320,000 | 27,300,044
FY 22-23 Q3 | ATP 78 5447 16,029 0 2,123,000 | 18,152,000 | 18,135,971

In summary, the data collection and formatting process involved the following steps:

1. Collecting data on SB1-funded projects from Caltrans.

2. Cross-verifying data across different periodical reports and efficiency reports and with other external
sources for reliability and accuracy.

3. Forming a combined database for all the projects from different programs and report periods.
4. Cleaning the data by addressing inconsistencies, missing values, and outliers.

5. Forming standard data summary tables, categorizing projects based on factors such as project type,
funding source, and the presence of public-private partnerships.’

With the data collected, formatted, and organized, we proceeded to the exploratory analysis, modeling, and
forecasting stages to gain insights into the factors contributing to cost overruns, delays, and cancellations. For
each project group by period, program, and geography, we have the following measures: total counts, total
valid counts (records with non-missing, reasonable values), percentage of overrun or delay counts, average cost
overruns or delays, and the associated standard deviations.

”Here is to the standard data summary table, which is a data informatics and visualization tool.
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5. Exploratory Analysis

In this section, we utilize the standard data summary tables described in the previous section to conduct
exploratory analysis. This analysis paints a comprehensive picture of the prevailing conditions and trends in
SB1 projects. The subsections provide a detailed analysis considering various facets, including time periods,
programs, and geographical districts.

5.1. Overall Conditions and Trends

In this initial subsection, we describe the overarching conditions of the SB1 projects thus far. Table 4 shows a
summary of the standard data table by aggregating individual projects by report periods. The Total Count is the
total number of records that have non-missing and reasonable values (it does not include outliers). We can see
that there is significantly more missing data for the schedules than for costs. We do not know the reason for
this difference.

Key cost performance measures include the number of projects that experienced cost overruns, associated
percentages (ratios over the total counts), average cost severities (across all projects, not just projects with a
positive cost overrun), and the standard deviation (of all projects). In addition to the concerning percentage of
projects that experienced cost overruns and the average of the overruns, we also see that the distributions of
the overruns have “long tails,” meaning that there are significant variations in project cost performance.

Table 4. Overall Conditions by Fiscal Quarter

Period FY18- | FY19- | FY21- | FY22- | FY22- | FY22-
19Q4 [20Q1- |22Q3- |23Q1 |23Q2 |23Q3
2 4
Program (ALL) | (ALL) (ALL) (ALL) | (ALL) | (ALL)
District (ALL) | (ALL) (ALL) (ALL) | (ALL) | (ALL)
Total Count 759 798 1377 1373 1361 1386
C
overr | UM 1933 | 230 525 511 | 530 | 560
Cost un
Total Cost Ratio | 30.7% | 28.8% | 38.1% |37.2% | 38.9% | 40.4%
(thousand $)
Avg. 669 285 2537 1691 | 1390 | 1843
Std. Dev. 13161 | 13113 | 14862 | 13528 | 12958 | 12380
Total Count 73 83 158 160 161 183
Coun
30 53 99 101 110 130
Schedule Delay |t
End Const
(days) Ratio | 41.1% | 63.9% | 62.7% | 63.1% | 68.3% | 71.0%
Avg. 122 219 337 363 401 452
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Period FY 18- | FY 19- FY 21- FY 22- | FY 22- | FY 22-
19Q4 20 Q1- 22 Q3- 23Q1 | 23Q2 | 23Q3
2 4
Program (ALL) (ALL) (ALL) (ALL) (ALL) (ALL)
District (ALL) | (ALL) [(ALL) | (ALL) | (ALL) | (ALL)
Std. Dev. 326 357 542 527 552 534
Total Count 14 240 40 43 36 0
Canceled
Completed Total Count 0 15 31 14 19 11

Key schedule performance measures include the number of projects that experienced delays (from the original
schedules), associated percentages (ratios over the total counts), average duration of delays, and standard
deviation of delays. Although the percentage of delayed projects and the average postponement are
concerning, we see smaller variations than those in the cost performance measures, suggesting that the delays
among individual projects tend to be more evenly distributed than the cost overruns.

Most of the progress reports by period and by program do not indicate canceled projects. Instead, those
projects are simply dropped from the project list in the following progress report. Some finished projects
appear in the following reports, while some others do not. For the latter case, if a project is shown to be near
completion and then it disappears, we considered this project finished. If a project was not near completion
and it did not appear in the next progress report, we considered it canceled. Using these inferences, we find
that around two to three percent of projects were canceled, perhaps due to various reasons, including the
possibility of a project being split into smaller projects or multiple projects being aggregated into a major one.
Furthermore, as the reports are only updated periodically rather than continuously, it is possible that the
project was cancelled more than one phase after the phase it appeared in a prior report. Therefore, we did not
study cancellation by phases.

5.2 Cost and Scheduling Performance: Conditions and Trends

We dissected the aggregated project performance by report periods (in chronological order) and the specific
SB1 programs under which the projects were initiated. By categorizing the data in this manner, we aimed to
reveal patterns that may exist between time frames and the nature of different programs. Note that some
projects that are augmented (i.e., partially funded) by SB1 funding, such as those in the State Transportation
Improvement Program (STIP), are not considered in the present research report due to a lack of (organized and
sufficient) information. Indeed, Caltrans did not release their progress reports of those projects in their SB1
performance monitoring efforts.

Modeling and Analyzing Cost Overruns, Delays, and Cancellations in Senate Bill 1 Projects
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Figure 2 shows the cost performance across time for five selected funding programs in this research project.
Overall performance became worse over time. We can see that SCCP, TCEP, and LLP-C were generally under
budget, though over time they got closer to, or exceeded (in the case of TCEP), the original budget. TCEP and
ATP generally got worse over time, but SHOPP had the worst performance. LLP-C performed the best. Note
that, considering the large standard deviations for most of the project categories, we divided the deviations by
ten for the rest of the plots in the present Exploratory Analysis section. Although this causes the figures to
under-represent the variations, the error bars still correctly indicate the relative variations when comparing
different project categories. We did not use coefficients of variation for the error bars as this might penalize
programs with smaller projects and create challenges in comparing variations among programs.

An interesting pattern from this figure is that, in terms of average values, only SHOPP and ATP seem to
experience cost overruns, while SCCP TCEP, and LPP-C seem to either come in under budget or are not
significantly different from zero on average. This pattern seems counter-intuitive when compared with Table 4.
This is mainly because SHOPP and ATP have significantly more projects, as shown in Table 5. Despite the
seemingly higher budgetary efficiencies in SCCP, TCEP, and LPP-C, indicated by their negative average cost
overrun values, a notable increase in the magnitude of these values over time suggests a declining trend in
budget savings. Additionally, it's important to note that the standard deviation is reduced by a factor of five in
Figure 2, highlighting that a significant proportion of projects across all programs experience cost overruns.
Note that the counts in Table 5 only consider projects that are valid, meaning there are valid values (e.g., non-
null values) for the project (or project segment) records.

Figure 3 shows schedule performance. It is unclear the exact reason ATP reports projects significantly ahead of
schedule in FY 19-20 Q1-2. We suspect it was due to the changing method used to measure delays or simple
data reporting errors.
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Figure 2. Mean and Variation of Cost Overruns by Report Period and Program
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Table 5. Total Number of Valid Projects (or Project Segments) By Report Period and SB1 Program

FY 18-19 FY 19-20 FY 21-22 FY 22-23 FY 22-23 FY 22-23
Q4 Q1-2 Q3-4 Q1 Q2 Q3
SCCP 28 31 60 58 55 54
TCEP 34 33 58 59 61 58
LPP-C 34 32 52 48 49 46
SHOPP 466 460 731 771 751 737
ATP 197 242 476 437 445 491
Total 759 798 1,377 1,373 1,361 1,386
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Figure 3. Mean and Variation of Delays by Report Period and Program
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5.3 Overall Conditions and Trends by Geographic Area and Time Period

In this sub-section, we shift focus towards an analysis grounded in the distinct geographical districts and the
periods wherein the projects were initiated. This analysis showcases potential regional discrepancies and time-
bound fluctuations in project costs and timelines, offering insights into district-specific challenges or
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successes. In the officially released progress reports, each project record has an attribute “District.” Figure 4
shows the correspondence. Districts 1-12 have regions that can be shown on the map on the right-hand side.
District 53 projects are the ATP implemented by the California Conservation Corps and certified Local
Community Corps. District 75 projects are railroad-related projects, which can be anywhere in California.
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Figure 4. Left: Counties-district correspondence; Right: Map illustration of the correspondence

Overall, Figure 5 shows that, except for District 9, cost overruns either became worse or remained similar over

time.

District 9 and District 75 have some records that include large overruns, which partially explains its noticeably
high average cost overrun. For example, we can find that SHOPP Project (PPNO) 2633 has large cost overrun
(relative to the approved budget) of $84,794,000 in FY 18-19, Q4 and $64,718,000 in FY 19-20, Q1-2,
respectively. This project received a large amount of additional approved budget in the FY 21-22, Q3-4 period,
leading to cost savings of $2,363,000. However, since FY 19-20, Q1-2 and FY 21-22, Q3-4 are not consecutive,

we cannot determine when exactly the approved budget was increased.

Another issue is that District 53 has a very limited number of samples. The FY 18-19, Q4 progress report shows
only one project (CCC01) with an overrun of $8,000,000, which is compensated for in the FY 19-20 Q1-2 report,
leading to a $8,000,000 saving. Accordingly, if this information is accurate, like in the cases above in District 9,

we can infer that District 53 first estimated the project cost and then got budget approval in the next period.
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Figure 5. Mean and Variation of Cost Overruns by Report Period and Program

Figure 6 shows an overall trend of increasing average delays across districts. We also notice the large negative
bar for District 1 in the second report period. Although there are many District 1 projects, very few project
records include an End Const date. The first two bars (negative in FY 19-20, Q1-2 and then positive in FY 21-
22, Q3-4) represent the same single project (PPNO 2391 in ATP). The approved finish date was 7/7/2022 and
did not change in the second period. However, the expected finish date was 3/31/2021 in the first period and
then delayed to 9/2/2024 in the second period. This expected date was slightly extended again to 10/1/2024
in the fourth period without any change in the approved finish date. This explains why the bars consistently
maintain large positive values. However, we believe that this type of data coding issue/inconsistency does not
influence the concerning conclusion that the overall trend is one of increasing delays across districts.

Furthermore, as we reported the cost overruns and delays using the estimates from the latest report, not the
actual costs and delays when the projects finished (most projects had not yet finished when we were writing
this report), it is likely that we are under-estimating the severity of the cost overruns and delays. We would
need to wait until the closure of the SB1 funding efforts to have a more comprehensive summary of the SB1
project performance.
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Figure 6. Mean and Variation of Delays by Report Period and Program

5.4 Cost Overruns and Delays by District and Program

Next, we explore the project performance by district and program, to ascertain if the geographic location of
different programs has an impact on cost overruns and delays. This will help in mapping out program
effectiveness and efficiency across different districts. In Figure 7, we see that the TCEP in District 2 (Redding
area in Northern California) and District 6 (Fresno area in Central California) experienced major cost overruns.
SCCP in District 8 (San Bernardino area in Southern California) and SHOPP in District 9 (Bishop area in Central
California) also have major overruns. The TCEP in District 12 (Orange County in Southern California) had
noticeable project savings as there were a small number of projects that performed well in terms of cost
control.
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Figure 8 shows schedule performance by district and program. We can see that District 7 (Los Angeles and
Ventura Counties), District 8 (San Bernardino and Riverside Counties), District 11 (San Diego and Imperial
Counties), and District 12 experienced major delays. It is interesting to compare schedule performance jointly
with cost performance as they do not necessarily exhibit similar patterns. For example, District 7 did not
experience major cost overruns in terms of average project performance; however, District 7 experienced
major schedule delays. It is possible that project managers in this district tend to be better at pausing a project
when they realize it is not going in a desirable direction. Then, they only continue the project once they resolve
the issues or cancel the project. However, we want to emphasize that although it might be a good practice to
have a quick response by simply stopping the projects (and the postponement does not impose a significant
cost burden on the project), the delays do impose negative impacts on society as (1) other infrastructure and
land development may be dependent on the delayed project, and (2) different projects could have been
implemented (i.e., opportunity cost) if the schedules were not systematically underestimated.
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Figure 8. Mean and Variation of Delays by Report Period and Program

5.5 Cost Overruns and Delays by Program and Phase

This subsection explores the intricacies of cost overruns and delays for different programs and their respective
phases. By correlating program-specific data with the various project phases, we were able to identify phase-
wise discrepancies in cost management and time delays, thereby pinpointing specific areas that require
focused interventions.

Figure 9 shows that in general earlier project phases tend to be under budget while later phases tend to be over
budget. This phenomenon might be because the project managers tried re-balancing/re-leveraging resources
individually, using resources for later phases to “cover” or “mitigate” the overrun in the initial phases so that
they do not report overruns for early phases (and hope that they can delivery later project phases at lower
costs, such that the final budget is not much higher than the original budget).
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Figure 9. Mean and Variation of Cost Overruns by Report Period and Program

TCEP performed better than other programs in terms of cost control. We manually verified that the TCEP (as
TCEP is a program with only a small number of project records) had fewer overruns, though these projects also
experienced large delays, as shown in Figure 10. We are unsure of the deeper reason why only TCEP has this
strong tendency, and we encourage future research on this phenomenon.

Unlike cost overruns, project managers cannot “reallocate” time, as they cannot “move time” from later phases
to early phases, so it is harder to reallocate resources to “make the performance look good.” This might explain
why Figure 10 shows schedule delays systematically increasing across project phases.
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Figure 10. Mean and Variation of Delays by Report Period and Program

Overall, we see an interesting, inverse pattern between schedule delays and cost overruns when examining
projects by project phases across different SB1 programs. We hypothesize this might be because the initial
over runs can be temporarily resolved by relocating the budget from later phases, while the time cannot be “re-
allocated.” On the other hand, we did notice that, compared to the total costs and the overall schedule, there
are significantly more null values for the data at the phase level. We believe that fewer null values in the data
will improve our confidence in the hypothesis and allow us to derive more policy implications.
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6. Statistical Modeling and Analysis

In this section, informed by the findings from our exploratory analysis, we conduct statistical modeling for
more detailed analysis. In summary, we find that cost overruns have worsened over time: The TCEP and LPP-C
programs performed the best in terms of cost control, relatively, while SHOPP performed the worst. SHOPP
also had a more concerning delay pattern than other programs. Projects in Northern California tended to have
lower delays than Southern California, though the projects in Southern California tended to have lower cost
overruns.

6.1 Cost Overruns and Delays by Program and Phase

We investigated whether it was possible to use report period, program, and district information in an additive
linear formulation to predict cost overruns and delays. Specifically, we adopted a basic linear regression approach
for analysis to predict total cost overruns (or the latest estimate for ongoing projects that have not been finished
or canceled) and to predict the schedule timing.

For cost overruns, we have:

C; = Z 'b)prd 61?1’Td + Z ﬂprgaiZ’Tg + Z Bdi5t6lgiist +g

prd prg dist

where 877%, 8779, 535 are the dummy variables for report periods, programs, and districts, respectively. For
example, for the records of District 9, we have §#t = 1 when dist = 9 and 0 otherwise. fP7¢, BP™9, and f4ist
are the corresponding coefficients. ¢; is the error term for project i. C; is the cost overrun for the project i. When
C; <0, it means that the project i is under budget (thus far). As having many districts would lead to a large
number of dummy variables, we aggregate districts into three mega-districts: Northern California (NC), Southern
California (SC), and Other (Districts 53 and 75).

The regression analysis results using the Excel Solver are shown in Tables 6-8. We can see in Table 6 that the
regression results are not satisfactory, as the multiple R score is only 0.18. The adjusted R-square is as low as
0.01 when considering the use of coefficients. However, we can still see from Table 7 that the coefficients
generally agree with our findings in the exploratory analysis. For example, the later the report, the higher the
corresponding coefficients, indicating that the cost overrun is becoming worse over time. Program TCEP and
LPP-C performed the best, relatively, while SHOPP performed the worst. Southern California (especially Los
Angeles and Ventura Counties) tends to have lower cost overruns.
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Table 6. Regression Statistics for Cost Overruns Using Linear Regression

Regression Statistics

Multiple R 0.18
R Square 0.03
Adjusted R Square 0.01
Standard Error 10685
Observations 540

Table 7. Analysis of Variance (ANOVA) Summary

df SS MS F Significance F
Regression 13 2125497533 163499810 1.43 0.14
Residual 526 60052664952 114168565
Total 539 62178162485

Table 8. Summary of Estimates for Cost Overruns

Coefficients Stondard Error tStat P-vialue fowerdsk Upperd5% Llower$s5.0% Upperdsi gk
Intercept -93 11359 104 1.57 4510 44173 RN 4413
District NewlID NC 1723 1904 131 0.36 21011 488 S1012 468
District_NewlD_SC 671 1§31 -1.348 0.73 4503 ilal 4303 11610
District NewlID Other 1285 1181 1.39 0.56 -3000 3368 -30010 6%
Period FY13-1001-2 1410 15351 0.18 0.78 DAY 3589 -1683 1968
Feriod FY21-2203-4 1628 15313 Loz 1.31 1503 4733 -15013 4753
Ferigd FY12-13 01 1554 1533 1.38 1.33 DN 41683 -1575 1663
Feriod FY22-13 012 1131 15353 0.71 .48 -1998 41481 219893 1161
Period FY 212-13 03 1161 1553 136 0.18 968 31810 968 31910
Program _&TF 1066 15351 167 0.50 4193 1083 4185 1063
Frogram _LPP-C 1877 15313 147 1.08 5106 151 5106 151
Frogram _SCCP 1557 1393 -0.%% 1.33 RN 1571 RN 1371
Program _SHOPP 1073 15513 0.68 0.50 S2054 4105 S1054 4103
Program TCEP 3016 15513 1.49 1.06 b 143 113 5143 113

Similarly, delays are modeled as:

Si = Z yprd (Siprd + Z yprgé‘ip’”g + Z ydiSt(SidiSt + {i

prd prg dist

where §77%, 6779, 585t are the dummy variables for report periods, programs, and districts, respectively. g7"¢,
BP9, and 9ISt are the corresponding coefficients. ¢; is the error term for project i. S; is the schedule delay for
the project i. When S; > 0, it means that the project i was delayed (according to the original schedule). When
S; < 0, it means that the project was ahead of the originally approved schedule (thus far).

The regression analysis results are shown in Tables 9-11. We can see in Table 9 that the regression results are
not satisfactory as the multiple R score is only 0.4, though it performs better than the results from the cost
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overrun prediction. The adjusted R-square is as low as 0.14 when considering the use of coefficients. However,
we can still see from Table 11 that the directionally of the coefficients generally agree with our findings in the
exploratory analysis. For example, the later the report, the higher the corresponding coefficients, indicating
that the cost overrun worsened over time. The projects in Northern California tended to have lower delays than

Southern California, though the projects in Southern California tended to have lower cost overruns.

Table 9. Regression Statistics for Schedule Delays Using Linear Regression

Regression Statistics

Multiple R 0.40
R Square 0.16
Adjusted R Square 0.14
Standard Error 306.32
Observations 540

Table 10. Analysis of Variance (ANOVA) Summary

df ) MS
Regression 13 9622974 740229
Residual 526 49355169 93831
Total 539 58978143

F

Significance F

7.89 1.7862E-14

Table 11. Summary of Estimates for Schedule Delays

Coefficients  Standard Error _ t Stat P-value  Lower 95% Upper95% Lower 95.0% Upper 95.0%
Intercept 130 66 1.98 0.05 0.70 259.65 0.70 259.65
District_NewID_NC -9 55 -0.17 0.86 -116.57 97.87 -116.57 97.87
District_NewID_SC 107 56 191 0.06 -3.14 216.60 -3.14 216.60
District_NewID_Other 73 63 1.17 0.24 -49.58 196.08 -49.58 196.08
Period_FY 19-20 Q1-2 50 46 1.10 0.27 -39.68 139.73 -39.68 139.73
Period_FY 21-22 Q3-4 188 46 413 0.00 98.69 278.10 98.69 278.10
Period_FY 22-23 Q1 204 46 4,46 0.00 114.15 293.56 114.15 293.56
Period_FY 22-23 Q2 221 46 4,85 0.00 131.76 31117 131.76 311.17
Period_FY 22-23 Q3 231 46 5.07 0.00 141.60 321.01 141.60 321.01
Program_ATP 18 46 0.40 0.69 -71.58 107.83 -71.58 107.83
Program_LPP-C 181 46 3.95 0.00 90.88 270.29 90.88 270.29
Program_SCCP -56 46 -1.23 0.22 -145.91 33.50 -145.91 33.50
Program_SHOPP 93 46 2.04 0.04 3.44 182.85 3.44 182.85
Program_TCEP -47 46 -1.04 0.30 -136.97 42.44 -136.97 42.44

6.2 Decision Tree Analysis for Nonlinearity

Although the signage of the coefficients in the linear regression analysis seems reasonable, the goodness-of-fit
measures are not satisfactory. It is likely that there are nonlinear relationships among sequential report periods,
which might render the inefficient (though unbiased) use of data for estimation, which caused low goodness-of-
fits in the linear regression models. It is also possible that there are correlations among programs and districts
as some projects might be co-funded by more than one program and near the border with another district.
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The basic idea behind decision tree regression is similar to that of decision tree classification. At each node, we
split the data based on a feature and a threshold such that the resulting subsets have the lowest possible variance
(or some other specified criterion). The process is recursive and continues until a predefined stopping criterion
is met, such as maximum depth of the tree or a minimum number of samples per leaf. Mathematically, the
algorithm aims to minimize the following objective for a given split:

1
J(D,f,t) = E(nLVar(xL) + nRVar(xR))

where J(D, f, t) is the objective (or cost) for a potential split on feature f with a threshold t, D is the data at the
current node, n;, and ng are the number of samples in the left and right child nodes resulting from the split, n is
the number of samples at the current node, Var(x;) and Var(xy) are the variance of the target variable x in the
left and right child nodes, respectively.

Table 12 shows the goodness-of-fit statistics from using a decision tree model for cost overruns by randomly
splitting data into the training (80%) and test (20%) datasets. We conducted a comprehensive grid search to find
the superior hyperparameter set. We see that the goodness-of-fits are significantly better than using linear
regressions, though the scores for the test set are still low.

Table 12. Goodness-of-Fit Summary of Cost Overrun Prediction Using Decision Tree Regression Model

Training Test
Mean Squared Error (MSE) 2.41e+7 1.16e+8
Mean Absolute Error (MAE) | 1.56e+3 3.77e+3
R-Squared 0.782 0.130

Table 13 shows the comparison between observed and predicted cost overruns. We can see that the dummy
variable for the TCEP is the most important factor for prediction. Combined with the findings from the
exploratory analysis, we can conclude that TCEP indeed performed better than other programs in terms of cost
control. The second important (but much less significant) factor is the reporting period FY 19-20 Q1-2 (which is
for 2020 January to June), which is highly likely due to the influence of the pandemic.
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Figure 11. Cost overrun comparison (observed vs. modeled) using decision tree regression model

Table 13 shows the summary of using a decision tree model for regression analysis of schedule delays by splitting
data into the training (80%) and test (20%) datasets. We conducted a comprehensive grid search to find the
superior hyperparameter set. We can see that the goodness-of-fits are significantly better than using linear
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Table 13. Goodness-of-Fit Summary of Schedule Delay Prediction Using Decision Tree Regression Model

Training Test
Mean Squared Error (MSE) 1.17e+4 4.41e+4
Mean Absolute Error (MAE) 51.45 135.17
R-Squared 0.87 0.74

Figure 12 shows the comparison between observed and predicted schedule delays. We can see that the dummy

variable for the SHOPP is the most important attribute. Combined with the findings from the exploratory
analysis, we conclude that SHOPP had a more concerning delay pattern than other programs. The second and
third important (but much less significant) factors are the reporting period FY 18-19 Q3 (which is for 2019
January to March) and the ATP dummy. We leave the investigation of underlying reasons to future research.
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Figure 12. Schedule delay comparison (observed vs. modeled) using decision tree model
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7. Discussion and Policy Suggestions

The findings of this study reveal a concerning trend of cost overruns, delays, and cancellations in transportation
projects within the SB1 program. These issues, while prevalent to varying degrees, have significant implications
for project management and the successful delivery of transportation infrastructure in California.

The study highlights that approximately 37 percent of the transportation projects analyzed experienced cost
overruns. These overruns not only result in budgetary strain but also disrupt project timelines. The severity of
overruns varies by fiscal period, program, and spatial location. Notably, the COVID-19 pandemic had a major
impact on cost overruns in the fiscal year 2021-2022. These findings emphasize the need for proactive budget
management and risk assessment throughout the project lifecycle.

Over 60 percent of the projects analyzed faced delays, with an average delay of around 1.5 years. The causes of
delays range from weather conditions to issues with right-of-way acquisition. The upward trajectory in delays
since 2018 raises concerns about project scheduling and management. Addressing these delays is critical to
ensuring projects are completed on time and within budget. Approximately two percent of projects were
canceled, with the major reasons being budget constraints, changes in project scope, and priority shifts.
Canceling projects not only wastes resources but also hinders infrastructure development. This calls for a
robust evaluation process before initiating projects to prevent unnecessary cancellations. While we could not
identify the specific reasons for delays or cost overruns, the results suggest that scope changes resulting from
unexpected issues, such as utility relocation and administrative coordination among agencies, are common
culprits.t These findings underscore the importance of thorough risk assessment and contingency planning in
project management.

The analysis highlights significant performance differences among programs and districts. The Trade Corridor
Enhancement Program (TCEP) stands out as an example of effective budget control. This suggests the need for
knowledge sharing and collaboration among programs and districts to improve project outcomes. To address
the disparities in project performance, program managers, districts, and implementation phases should actively
communicate and share best practices. Establishing forums for knowledge exchange can help identify effective
strategies for cost and schedule management.

& Only a small portion of the project records in the corrective action plans describe the causes of delays and overruns, and
these descriptions are very brief and sometimes unclear. For example, in the FY 22-23, Q3-Q4 SCCP Corrective Action
Plan, Project 05-2897 was delayed because “SBCAG [Santa Barbara County Association of Governments] noted that they
will request a 12-month extension for the Construction Award date to finalize design and coordination with other
agencies before construction administration.” But the report does not mention the reason SBCAG will need to request a
12-month extension for the Construction Award. This project aside, and based on limited data, it seems that scope
changes caused by “unexpected” issues (e.g., extensive utility relocation, administrative coordination among agencies, and
right-of-way acquisition) are common.
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Project planners and managers should reevaluate risk assessment practices. A 20 percent contingency may not
be sufficient given the severity of overruns and delays. Moreover, project cancellation likelihood should be
explicitly estimated in project planning to prevent unexpected terminations. This study suggests that the
COVID-19 pandemic created both challenges and opportunities for project implementation. Embracing flexible
and resilient project planning and management practices can help respond to unforeseen disruptive events like
pandemics, earthquakes, and economic downturns.

While SB1 releases project performance data to the public, data quality concerns remain. Agencies that are
responsible for project data reporting should provide more complete and accurate information about the
reasons for overruns, delays, and cancellations. This can aid policymakers and researchers in gaining a deeper
understanding of underlying issues. Implementing mechanisms to reward accuracy and honesty while
penalizing biased estimations can encourage agencies and third parties to provide honest and accurate
information. Trackable records of estimates and actions can contribute to this effort.
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8. Concluding Remarks

As we conclude this study, it is clear that the Senate Bill 1 (SB1) projects are grappling with significant
challenges, chiefly characterized by cost overruns, delays, and project cancellations. Our analysis indicates that
approximately 37 percent of transportation projects have experienced cost overruns, with an average overrun
of $1.8 million. Delays are also prevalent, affecting over 60 percent of projects, with an average duration of
around 1.5 years. Cancellations, though less frequent, affect around two percent of projects.

Program managers should acknowledge and investigate performance disparities among various programs and
districts. Moreover, given the project delays and cost overruns associated with SB1 projects, program managers
should also put serious effort into contingency planning. Flexible and resilient project planning is essential,
particularly in response to unforeseen events like pandemics or natural disasters. Also, Improvements in data
quality and transparency from SB1 are crucial for a better understanding of project challenges.

It is important to note the limitations of our study, particularly the lack of comprehensive data on the causes of
cost overruns and delays. Consequently, our conclusions are based on the available data, which may not
capture the full complexity of the issues at hand.

Future research should focus on a more detailed causal analysis of these overruns, delays, and cancellations,
provided that sufficient and detailed data become available. Additionally, exploring the indirect costs borne by
California residents due to these project inefficiencies is another important research area.

This research contributes to a clearer understanding of SB1-funded transportation projects' current status, by
quantifying cost overruns, delays, and cancellations, and doing so across funding programs and geographic
regions.
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