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Our Benefit-Cost Analysis (BCA) for this grant application provides a comprehensive perspective of the
D3E1 Connector Project (“The Project”) that is the focus of this grant. This version of the BCA represents a
set of circumstances under which only The Project is constructed, along with already completed Projects.
Although it is the position of the JPA, its partner agencies, and many business and community-based
organizations that this is a highly improbable outcome, it must, however, be provided as a worst-case
scenario. The expectation is that the benefits of the Project will be much higher under a scenario where
all planned and programmed improvements of the Capital SouthEast Connector are constructed.
The useful life of The Project is assumed to be 20 years for the BCA, with a base year of 2016 and a
horizon year of 2036. This assumption is based on the useful life of a typical roadway reconstruction
Project. The 20-year time period covers the full development and construction period of The Project as
well as the time period during which the full operational benefits and costs can be reflected in the BCA.
Land use information used in forecasting future conditions for the BCA were also based on 2036, the 20year horizon.
Benefits and costs included in Benefit-Cost analysis were carefully prepared to comply with the guidance
provided for in the U.S. Department of Transportation’s Benefit-Cost Analysis Guidance for Discretionary
Grant Programs, December 2018. Both benefits and costs were quantified to the extent possible. In the
event that this was not achievable for either technical or other reasons, results are presented
qualitatively. Quantification of data was primarily accomplished using a suite of analysis tools that
include, but are not limited to, the following:
Travel Demand Model – Travel demand forecasting to generate traffic estimates and other travel metrics
for future year forecasts was based on the version of the Sacramento Area Council of Governments’
(SACOG) activity-based travel demand model (SACSIM) that was used for the 2016 Metropolitan
Transportation Plan/Sustainable Communities Strategy (MTP/SCS). The model was refined in the area of
The Project to reflect the most current available information for land use and roadway network based on
partner agency input. The traffic analysis zone (TAZ) structure was also reviewed. Smaller TAZs, additional
local roadways, and refined centroid connectors were implemented in a broad area surrounding The
Project to improve model accuracy.
IHSDM – The Crash Prediction Module of the Interactive Highway Safety Design Model (IHSDM) 2016
Release Update, v12.1.0 was used to calculate safety benefits. This software estimates the crash
frequency and severity of crashes based on the given geometric and traffic data. When Safety
Performance Function (SPF) is available for the evaluated highway type, the IHSDM results include total
crashes distributed in five different severity levels (K- Fatal; A- Incapacitating injury; B- Non-incapacitating
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injury, C- Possible injury; and O- No injury). This “KABCO” Injury Scale was used to monetize the crash
costs for each facility based on 2016 Caltrans Economic Parameters.
ArcMap – ArcGIS is mapping software created by ESRI that allows the user to perform GIS functionality for
special analysis of socioeconomic data and spatiotemporal transportation related data.
The following sections provide the basis and findings of each benefit and cost considered as part of this
analysis.

Benefits
Travel Time Savings
Analysis Tools
Travel Demand Model, Excel Spreadsheets
Overview
Travel time savings were developed using the difference in travel times along The Project in 2036 with
and without the construction of The Project. The travel time difference was multiplied by the value of
time for automobiles and trucks obtained from the USDOT Benefit-Cost Analysis Guidance 1. The value of
time recommended a value of $14.80/hour for personal travel, $26.50/hour for business travel, and
$28.60 for truck travel. It was assumed that trucks accounted for 15-percent of the total volume, and that
business travel accounted for 45-percent of all auto trips. The hourly cost was then multiplied by the
volume along the segment for each scenario, resulting in a monetized daily travel time benefit. The daily
travel time benefit was then annualized using an assumption of 261 travel days per year, a commonly
accepted number of commuting days throughout the year. Note that this likely underestimates the total
travel time savings benefits due to omitting the other 104 days of the year.
Results
D3E1 Connector Project Benefit
$20,936,447
Note: Benefits are discounted by 7% per year over the 20-year analysis period
Travel Time Reliability
Analysis Tools
Travel Demand Model, Excel Spreadsheets
Overview
Travel time reliability analysis was completed using a sketch-planning method detailed in current
literature published by National Cooperative Highway Research Program 2. This method was used to
calculate mean travel time index (TTI) for The Project based on methodologies developed in SHRP 2 L03
research. The model results from future year conditions with and without the construction of The Project
were used to develop all TTI values to clearly describe the travel time reliability savings The Project
provides.
As provided for by the methodology, the TTI value is then used to develop a 90th percentile TTI to
determine the ratio between the time it takes to travel the segment during a congested day, assumed to
be three hours during the morning and evening, and the time it takes to travel the segment on an
1

Benefit-Cost Analysis Guidance for Discretionary Grant Programs. USDOT. December 2018.
Incorporating Reliability Performance Measures into the Transportation Planning and Programming Processes: Technical
Reference. Section 5.1 Applying Sketch-Planning Methods. The National Academy of Sciences. 2014.
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average day. The resultant ratio between the two was then multiplied by the free flow travel time to
determine the buffer time needed under congested conditions.
The travel time reliability savings were calculated by taking the difference between the buffer calculated
for no-project conditions and buffer calculated for each scenario. The buffer time savings were monetized
by using the same value of time for automobiles, both business and personal travel, and trucks that was
used in the travel time savings benefit calculations. The annual benefit was calculated by multiplying the
volume, both autos and trucks, by the difference in buffer time and the value of time converted into
$/minutes from $/hour. This daily benefit was annualized using an assumption of 261 commuting days
per year.
Results
D3E1 Connector Project Benefit
$10,012,858
Note: Yearly benefits are discounted by 7% per year over the 20-year analysis period
Bicycle and Pedestrian Benefits
Tools Used
ArcGIS, Excel Spreadsheets
Overview
Along The Project, a separated, 12‐foot‐wide Class I non‐motorized paved multi‐use path is planned to be
located within the 200‐foot right‐of‐way. This path would provide safe and convenient access and
connectivity to the residential areas, job centers, transit, and other bicycle and pedestrian facilities in the
area. In addition, the Class I facility is anticipated to significantly increase bicycle and pedestrian usage
given its proximity to these residential and employment centers, resulting in a variety of benefits
including mobility, health, recreation, and reduction of automobiles. These benefits were monetized and
calculated based on the increase in bicycle ridership and pedestrian usage.
Bicycle and pedestrian usage along The Project’s Class I facility was estimated using the method outlined
in Chapter 4 of National Cooperative Highway Research Program (NCRHP) Report 552. This method relies
on the application of a national database over local socio‐economic data to approximate the total number
of potential cyclists and pedestrians adjacent to The Project facility, which has been appropriately
summed using Geographical Information System (GIS) banding. Bands are set at multiple distances (onequarter mile, one-half mile, and one-mile) outward from The Project, and the total number of potential
pedestrians and cyclists is assigned a capture rate to determine the forecasted bicycle ridership of The
Project facility. In order to improve the fidelity of this analysis, in lieu of using data at the Traffic Analysis
Zone (TAZ) or census tract level data, parcel level data (based on the small area dataset) from the Travel
Demand Model was used.
To estimate pedestrian usage of the Class I facility, a local bicycle-pedestrian mode split proportion
(approximately 1:1.5) was applied to the bicycle ridership estimates within a one-quarter mile distances
from The Project. The benefits based on the estimated bicycle ridership and pedestrian usage were then
monetized.
Results
D3E1 Connector Project Benefit
$19,062,610
Note: Yearly benefits are discounted by 7% per year over the 20-year analysis period
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Safety Benefits
Analysis Tools
IHSDM, Excel Spreadsheets
Overview
The safety benefits were calculated by first summarizing collision data by crash type and severity for the
most recent five years of collision history available as well as developing crash predictions based on the
design features and traffic projections for the no Project and plus Project scenarios for existing (2016)
conditions. Crash data was obtained online through the Statewide Integrated Traffic Records System
(SWITRS) for years 2011 – 2016. SWITRS is a database that serves to collect, and process data gathered
from a collision scene. Data is reported by various police agencies, including the California Highway Patrol
(CHP).
The crash predictions at existing and proposed facilities were analyzed using the Crash Prediction Module
of the Interactive Highway Safety Design Model (IHSDM) 2016 Release Update, v12.1.0. This software
estimates the crash frequency and severity of crashes based on the given geometric and traffic data.
When the Safety Performance Function (SPF) is available for the evaluated highway type, the IHSDM
results include total crashes distributed in five different severity levels (K- Fatal; A- Incapacitating injury;
B- Non-incapacitating injury, C- Possible injury; and O- No injury). This “KABCO” Injury Scale can be used
to monetize the crash costs for each facility based on 2016 Caltrans Economic Parameters.
A Crash Modification Factor (CMF) was determined for The Project based on research for roadway
widening Project that added capacity to a roadway by going from 2 to 4 lanes 3. A CMF of 0.71 was used
for this analysis as incorporating any other CMF values could potentially introduce unknown variable
interaction between multiple studies that were not analyzed simultaneously. Using the equations
described in Appendix B of the Benefit-Cost Guidance, the annual crash rates for each crash type were
multiplied by the CMF to obtain crash rates for The Project. The crash rates associated with and without
The Project were monetized based on the table below. The assumptions in the table are based on KABCO
parameters and Accident Cost Parameters described in Table A-1 of the USDOT Benefit-Cost Analysis
Guidance1. The difference in total crash costs was calculated by totaling the costs with and without The
Project and subtracting the total crash costs for The Project from the total crash costs without the
addition of The Project.
Crash Costs by Crash Type
Crash Type
Crash Cost
Fatal
$9,600,000
Injury A
$459,100
Injury B
$125,000
Injury C
$63,900
PDO
$4,300
Results
D3E1 Connector Project Benefit
$17,068,992
Note: Yearly benefits are discounted by 7% per year over the 20-year analysis period

3

Evaluating the Performance and Safety Effectiveness of Roundabouts. The Michigan Department of Transportation. December
2011.
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Emissions Reduction Benefits
Tools Used
Excel Spreadsheets
Overview
These benefits were calculated using a methodology developed by Caltrans based on the values in Table
A-7 of the USDOT Benefit-Cost Analysis Guidance1 for their Benefit-Cost Analysis spreadsheet 4. The
spreadsheet used the volumes for the base year and future years without The Project and with The
Project, and converted the volumes into vehicle miles traveled based on the length of The Project
(assumed to be 5.5 miles). Emission costs were calculated for both peak and off-peak time periods for
automobiles and trucks. The difference between the no Project scenario and plus Project scenarios was
calculated for each year before being discounted. As shown below, due to the increased volume on The
Project once it is constructed, the benefits are negative due to an increase in emissions for both
scenarios.
Results
D3E1 Connector Project Benefit
-$166,984
Note: Yearly benefits are discounted by 7% per year over the 20-year analysis period
Resilience Benefits
Tools Used
Excel Spreadsheets
Overview
Congestion in the region is not only limited to capacity constrained roadways experiencing higher and
higher demand. Several studies 5,6 have found that poor weather can also contribute to reduced speeds
along roadways, leading to increased travel times. This is particularly true of two-lane roadways with
poor drainage and limited to no shoulders like The Project. The construction of The Project will improve
drainage, construct The Project’s alignment to expressway standards, and reduce the overall speed
reductions expected to be experienced without the construction of The Project.
The number of “poor weather days,” assumed to be a day in which precipitation totaled 0.1 inches or
more, in the Sacramento region were totaled and averaged over 2016 to 2018. This three-year period
was chosen as the drought in California had concluded and normal weather patterns had returned. This
equated to approximately 45 “poor weather days” per year over the three-year analysis period. The
average speed reduction due to rainfall totaling over 0.1 inches per day was then calculated based on five
different studies 7,8,9. The average reduction came out to be 3 mph, which when multiplied by the
distance of The Project, results in an additional 34 seconds of travel time per vehicle. The cost savings in a
more resilient facility was calculated by multiplied the increased travel time per vehicle by the total
volume along The Project and then multiplying this by the same value of time for automobiles, both
business and personal travel, and trucks that was used in the travel time savings benefit calculations. This
daily benefit was annualized using an assumption of 261 commuting days per year.
4

California Life-Cycle Benefit/Cost Analysis Model (Cal-B/C) Version 6.2. Caltrans. February 2019.
Impact of Weather Conditions on Macroscopic Urban Travel Times. Tsapakis et al. Journal of Transport Geography. 2013.
6 An Investigation into the Impact of Rainfall on Freeway Traffic Flow. Smith et al. University of Virginia. July 24, 2003.
7 Impacts of Weather on Urban Freeway Traffic Flow Characteristics and Facility Capacity. Agarwal et al. Proceedings of the MidContinent Transportation Research Symposium. August 2005.
8 Whether Weather Matters to Traffic Demand, Traffic Safety, and Traffic Operations and Flow. Transportation Research Record.
2005.
9 2010 Highway Capacity Manual. Table 34: SHRP 2-L08 Freeway Capacity and Speed Adjustments for Weather. 2010.
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Results
D3E1 Connector Project Benefit
$10,210,850
Note: Yearly benefits are discounted by 7% per year over the 20-year analysis period
Work Zone Impact Benefits
The roadways that combine to make up The Project alignment are currently two-lane facilities and are
particularly susceptible to road closures. Road closures due to work zones are common along two-lane
facilities due to construction or weather-related incidents requiring roadway maintenance or debris
removal. Once constructed, The Project will add capacity and increase safety by increasing the right-ofway, leading to fewer road closures resulting in less annual vehicle delay.
Loss of Emergency Services Benefits
The added capacity and increased speeds produced by the construction of The Project are expected to
reduce the likelihood of delays to emergency services such as ambulance and fire. The Project will allow
for fire and ambulance services to reach emergencies quicker and thus create benefits by reducing the
damages resulting from the emergencies. As the current delays to emergency services could not be
measured, no quantitative analysis was undertaken to monetize the benefits The Project will produce by
decreasing the response time for emergency services.
Quality of Life Benefits
The Project will result in tangible improvements for the quality of life local communities living along The
Project’s alignment. The Project significantly reduces travel times and alleviates congestion along one of
the most congested corridors in the region. The Project also provides an economic stimulus for housing
and job growth along its alignment to better serve the large amount of growth expected in the immediate
vicinity of The Project.
Businesses, agriculture, commuters, and tourists will all beneﬁt from an expressway that will allow them
to travel without experiencing the congestion that is becoming increasingly common in the region. The
Project also improves access, multi-modal mobility, and active transportation options along the corridor.

Costs
Capital Costs
Tools Used
Excel Spreadsheets
Overview
Costs that were included as a part of the overall construction costs of The Project include planning and
estimation, mitigation costs, preliminary engineering, right of way and utilities, final design, construction,
and contingency. The total, non-discounted costs for the project are $57 million. However, $6.5 million
has already been spent on some of the initial costs including preliminary engineering, mitigation costs,
and right of way. Therefore, this analysis only includes the remaining $50.5 million in costs. It was
assumed that construction would occur over a 3-year time period and Year 2 and Year 3 would share the
majority of the costs with a ramp-up period occurring over Year 1.
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Results
D3E1 Connector Project Cost
$46,688,794
Note: Capital costs are assumed to be completed over three years (Years 1-3). Yearly costs are discounted
by 7% per year over the 20-year analysis period
Operating and Maintenance Costs
Tools Used
Excel Spreadsheets
Overview
When determining the costs for operating and maintenance of the project, Appendix 4 of Caltrans’ Life
Cycle Cost Analysis Procedures Manual 10 was used. Appendix 4 includes a map dividing the state into
distinct climate zones that inform the expected maintenance requirements of roadways. Further, the
document provides guidance on maintenance schedules and costs based on the type of roadway (new
construction, rehabilitation, etc.) and the materials used. The Project will be a newly constructed roadway
using a rubberized hot mix asphalt with a design life of 20 years. Based on the guidance provided by
Caltrans, no maintenance costs are recommended until year 21, in which the costs reach $1,100/lanemile. Therefore, no operating or maintenance costs are included in this BCA.
Results
D3E1 Connector Project Cost
$0
Note: Yearly costs are discounted by 7% per year over the 20-year analysis period

10 Life cycle Cost Analysis Procedures Manual. Appendix 4: Typical Pavement M&R Schedules for California. Caltrans. August 1,
2013.
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Summary of Costs, Benefits, and the Benefit/Cost Ratio
The table below summarizes the benefits and costs for the Project as described in previous sections. The
benefit/cost ratio is calculated by dividing the total benefits by the total costs associated with each
scenario. As shown, the Project produces more benefits than the costs for the D3E1 Connector Project.
Category

D3E1 Connector Project
Benefits
Travel Time
$20,936,447
Safety
$17,068,992
Bicycle/Pedestrian
$19,062,610
Emissions
-$166,984
Travel Time Reliability
$10,012,858
Resiliency
$10,210,850
Costs
Capital Costs
$46,688,794
Operating and Maintenance
$0
Total
Total Benefits
$77,124,771
Total Costs
$46,688,794
Benefit/Cost Ratio
1.65
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