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Investment in transportation infrastructure projects generates benefits, both direct and indirect. While emissions reductions, 
crash reductions, and travel time savings are prominent direct benefits, there are indirect benefits in the form of real estate 
enhancements that could pay off debt or loan incurred in the improvement of the infrastructure itself. Studies have shown that 
improvements associated with rail transportation (such as station upgrades) trigger an increase in the surrounding real estate 
values, increasing both the opportunity for monetary gains and, ultimately, property tax collections. There is plenty of available 
guidance that provides blueprints for benefits calculations for operational improvements in rail transportation. However, resources 
are quite limited in the analysis of benefits that accrue from the separation of railroad at-grade crossings. Understanding the impact 
of separation in a neighborhood with high employment or population could generate revenues through increased tax collections. 
In California, the research need is further amplified by a lack of guidance from the California Public Utilities Commission (CPUC) 
on at-grade crossing for separation based on revenue generated. There is a critical need to understand whether grade separation 
projects could impact neighboring real estate values that could potentially be used to fund such separations. With COVID-19, 
as current infrastructure spending in California is experiencing a reboot, an approach more oriented to benefits and costs for 
railroad at-grade separation should be explored. Thus, this research uses a robust benefits-to-cost analysis (BCA) to probe the 
economic impacts of railroad at-grade separation projects. The investigation is carried out across twelve railroad-highway at-
grade crossings in California. These crossings are located at Francisquito Ave., Willowbrook/Rosa Parks Station, Sassafras St., 
Palm St., Civic Center Dr., L St., Spring St. (North), J St., E St., H St., Parkmoor West, and Nursery Ave. The authors found that 
a majority of the selected at-grade crossings analyzed accrue high benefits-to-cost (BC) ratios from travel time savings, safety 
improvements, emissions reductions, and potential revenue generated if property taxes are collected and used to fund such 
separation projects. The analysis shows that with the estimated BC ratios, the railroad crossing at Nursery Ave. in Fremont, Palm 
St. in San Diego, and H St. in Chula Vista could be ideal candidates for separation. The methodology presented in this research 
could serve as a handy reference for decision-makers selecting one or more at-grade crossings for the separation considering 
economic outputs and costs.
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EXECUTIVE SUMMARY

Rail infrastructure improvements have a significant impact on the economic development 
of a region. These improvements require investments that are often limited. This research 
aims to evaluate financing mechanisms that can fund separation of railroad-highway at-
grade crossings in the State of California. Besides, this research evaluates economic 
benefits (in terms of potential growth in businesses, employment, real estate values, etc.) 
surrounding the separated crossing and the costs associated with the separation. The 
evaluation could help identify key at-grade crossings that would yield high benefits-to-
cost ratios after separation. These separations are often motivated by the aim of reducing 
fatalities resulting from vehicle-to-train collisions at the at-grade crossings. Another 
motivation is saving travel time—thereby increasing motorists’ mobility, especially at 
crossings that experience heavy vehicular traffic. 

Based on the data collected from the California Public Utilities Commission (CPUC), 
there are more than 5,000 railroad at-grade crossings in California. Of these, some 
2,000 crossings experience significantly high vehicular traffic and train volumes passing 
through. Several at-grade crossings have been found to be hot spots for crashes 
involving trains and pedestrians, bicyclists, or motorists. At-grade railroad crossings 
are also responsible for the congestion, leading to high traffic delays and pollution and 
diminishing property values in the neighboring areas. 

The methodology laid out in this research is applied across twelve railroad-highway 
at-grade crossings in California. These crossings are located at Francisquito Ave., 
Willowbrook/Rosa Parks Station, Sassafras St., Palm St., Civic Center Dr., L St., Spring 
St. (North), J St., E St., H St., Parkmoor West, and Nursery Ave. After reviewing a list of 
peer-reviewed publications, the authors of this research effort present brief documentation 
on key guidance and regulations that aim to generate monetary (and non-monetary) 
benefits from transportation improvements. The focus is on understanding the benefits 
and cost implications of railroad at-grade separation projects in California through the 
lens of existing regulations. The work also describes the interactions between financing 
mechanisms (such as value capture), as well as the extent of investments needed 
given the costs of grade separation projects. Therefore, this research is broadly divided 
into four components. The first part explores existing California laws on financing an 
infrastructure project (such as a grade separation). The second part documents the 
usual funding mechanisms used for some examples of grade separation projects. The 
third part explores economic models that are commonly used in assessing the impacts 
of railroad projects. The last part presents a spreadsheet-based tool that practitioners 
can use to quickly compute the benefits-to-cost ratio for separation of more than a dozen 
railroad at-grade crossings. 

The analysis revealed that railroad firms funded a vast majority of grade separation 
projects completed in the US in recent history. Any benefits such as increases in property 
values and businesses surrounding a separated railroad crossing are often limited to an 
area of a quarter-mile radius. 
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Data collection was carried out to gather information on factors and variables that can 
be used to estimate economic benefits after separating an at-grade railroad crossing. In 
California, the CPUC provides guidance on prioritizing at-grade crossings for separation. 
However, the CPUC policy for at-grade railroad separation is based on accident rates 
and congestion but does not factor in the economic viability of the separation; it only 
considers the daily traffic from the movement of people and goods, project costs, and 
accident history.

To carry out an economic evaluation, the authors used three data sets (property values, 
historical rate of increase in property values, and employment concentration and growth) to 
estimate revenue generated after grade separation. For this purpose, available data from 
the Center for Economic Studies and Zillow Research were used to draw key inferences. 

The authors found that the rates of change in employment, property values, and the total 
number of jobs are relatively very high surrounding at-grade crossings in the Bay Area 
and Los Angeles and San Diego. 

A basic regression analysis was carried out to determine the correlation between traffic 
volume passing through an at-grade crossing and the corresponding cost estimated for 
the separation of the grade crossing.  

Adding an economic analysis to the CPUC guidance, the study presented in this research 
shows that the railroad crossing at Nursery Ave. in Fremont would be ideal for separation. 
The separation would yield a very high benefits-to-cost ratio. Benefits would include 
travel time savings, safety improvements, emissions reductions, and so on. A significant 
property tax revenue could be generated to fund similar railroad at-grade separation 
projects in California. 
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I.  INTRODUCTION 

Rail’s impact on economic development is quite well known in transportation research. 
Studies show that accessibility improvements brought about by rail transportation 
upgrades trigger increases in real estate values in urban locations (O’Sullivan, 2012). 
Several other extant studies have also established the price premiums of residential 
and commercial properties impacted by a short distance to rail transit stations (Hess 
and Almeida, 2007; Ko and Cao, 2010). Rail transit investments can provide substantial 
improvements in accessibility for areas with a sparse or insufficient transportation 
infrastructure compared to huge demand (Cao and Porter-Nelson, 2016). The area 
around a rail station develops economically to a greater extent than sites far from the 
station (Giuliano, 2004). However, rail transit investments also usually replace high-
frequency bus services, which means accessibility won’t increase significantly, and 
economic impacts might not be noticeable (Rubin et al., 1999). 

Research also shows that rail transit investments have more enormous impacts on areas 
already possessing strong rather than declining growth in the regional economy (Cervero, 
2009; Giuliano, 2004). The effects also occur in central business districts or congested areas, 
which is a common motivation for investments (Giuliano, 2004). Studies have concluded that 
proximity to rail infrastructure (such as stations) triggers development in an area; however, 
there is no clarity on whether proximity to rail or proximity to other major intersections or 
activity areas could have impacted those developments. Therefore, the benefits due to rail 
investments need to be carefully studied by determining control areas. Other extraneous 
factors, currently unaccounted for, could play a major role in the growth in businesses and 
real estate development not attributed solely to rail investment at a target location. 

In order to identify zones that could have a high yield from investments after railroad 
grade separation, the concept of “location quotient” (LQ) can be used (Cao and Porter-
Nelson, 2016). LQ can be adopted to filter and isolate candidate at-grade crossings for 
evaluating the potential of real estate and business developments around the crossing. 
LQ is a spatial analysis technique that measures the concentration or dispersion of a 
given activity across space (Cidell and Alexander, 2009). An LQ value greater than 1 
demonstrates concentration, and a value less than 1 demonstrates dispersion. However, 
determining LQ depends on the availability of real estate data and business surrounding 
an at-grade crossing, which may not be available. 

In this research, an evaluation of the financing mechanisms is carried out to fund separation 
of a railroad-highway at-grade crossing through assessment of resulting economic benefits 
(in terms of potential growth in businesses, employment, real estate values, etc.) surrounding 
the separated crossing. The methodology laid out in this research is carried out across 
twelve railroad-highway at-grade crossings in California. These crossings are located at 
Francisquito Ave., Willowbrook/Rosa Parks Station, Sassafras St., Palm St., Civic Center 
Dr., L St., Spring St. (North), J St., E St., H St., Parkmoor West, and Nursery Ave.  

The next section explores existing laws in the State on financing an infrastructure project 
like grade separation. 
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CURRENT FINANCING LAWS IN CALIFORNIA 

There are existing laws in California that provide guidance and regulation for infrastructure 
project funding, which could be useful for railroad at-grade separation projects as well. 
The laws have been reviewed with a focus on existing practices that are conducive to 
supporting value capture techniques of revenue generation. Relevant laws are as follows:

i)	 Grade Separation Projects (Section 2450-2461) (STREETS AND HIGHWAYS 
CODE, Chapter 10, Sections 2450 through 2461, 2019) provides guidance on 
identifying one or more at-grade crossings that could be a priority for separation. 
The guidance is based on criteria established by the Public Utilities Commission. 
However, the statutes in this section do not mention potential sources of funding that 
can be used for grade separation projects. 

ii)	Tax Increment Financing: California was the first state in the US to implement a very 
popular tool in 1952 for financing public infrastructure projects and improvements 
at the district level: tax increment financing, or TIF (Farris and Horbas, 2009). TIF 
works on a principle similar to value capture techniques used in various parts of the 
world. The general mechanism of TIF involves creating a defined area and fixing the 
area’s taxable property value. The revenue generated with the subsequent growth 
in the area’s property value is used to finance infrastructure improvements. 

Per California law, three major TIF tools can be used for economic development. An agency 
is entitled to create these tools to finance projects within its jurisdictions. A list of these tools 
follows (California Association for Local Economic Development, 2019).

a)	Enhanced Infrastructure Financing District (EIFD). California Senate Bill 628, signed 
by Governor Jerry Brown in September 2014, authorizes the legislative body of a city 
or a county to use TIF to finance various infrastructure improvement projects that lie 
within its jurisdiction. The financing could be achieved through the establishment of 
the Enhanced Infrastructure Financing District (EIFD) governed by a public finance 
authority. Public vote is not required to establish such authorities, and there are no 
limitations to the geographic extent of the application of the EIFD, which can be used 
as a process to finance public projects of community-wide significance in a district. 
Various cities and counties in California have established districts for the purpose 
of creating EIFDs (EIFD, 2019). EIFDs enable cities to provide a stable source of 
funding for infrastructure projects and leverage and induce private investments. 

b)	Community Revitalization and Investment Authority (CRIA). Per the California 
Government Code 62000 through 62208, a CRIA is entrusted with the revitalization 
of more impoverished neighborhoods and former military bases. Revitalization 
means a physical improvement to real property funded by an authority created by 
a city or a county. The authority adopts a CRIA plan that “may include a provision 
for the receipt of tax increment funds generated within the area.” Public vote is not 
required for the creation of a CRIA, which focuses on community priorities. 

c)	Annexation Development Plan (ADP). Per Section 99.3 of Revenue and Tax Code. 
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Local agencies such as cities and counties can use TIF to improve infrastructure 
projects to annex a disadvantaged unincorporated community.

EXAMPLES OF GRADE SEPARATION PROJECTS 

California

Recently completed grade separation projects in California were reviewed with the aim of 
documenting funding mechanisms that were (or would be) used to pay for the expenditures 
involved in these projects. However, available information on funding details for specific 
projects was found to be limited. Based on the materials retrieved online, none of the 
projects proposed using value capture or other similar innovative financing methods utilize 
revenue generated from grade separation projects’ economic benefits. In most of these 
projects, grade separations were completed with funding received from stakeholders. The 
stakeholders primarily included the railroad companies involved and public agencies offering 
local, state, or federal funds. Selections from among these recently completed railroad at-
grade separation projects in California have been summarized below in Table 1. 

Table 1.	 Summary of Findings from Example Separation Projects
Project Title Stakeholder(s) Construction 

Year 
Completion 

Year
Project Cost/Funding

1 Nogales Street Grade 
Separation and Roadway 
Widening Project

City of Industry 
and Los Angeles 
County

May 2013 June 2016 $120.8 million
MTA Measure R

2 Baldwin Avenue Grade 
Separation

City of El Monte October 2012 Spring 2015 $70.4 million

3 Puente Avenue
Grade Separation Project

City of Industry 
and Los Angeles 
County

June 2015 April 2018 $97.4 million

4 San Gabriel Trench
Grade Separation Project

City of San 
Gabriel

Spring 2014 September 
2018

$293.7 million

5 25th Avenue Grade 
Separation (Caltrain)

City of San Mateo Fall 2017 Spring 2021

Funding sources: 

Measure A: $74 million

City of San Mateo: $12 
million

State Section 190: $10 
million

State HSR Prop 1A: $84 
million

Sources: Alameda Corridor-East Project, 2019; GRADE SEPARATION BayRail Alliance, 2019

Two other specific ongoing grade separation projects in California were also reviewed, 
and the findings are summarized below.

1.	Caltrain corridor grade separation in the City of Palo Alto (White Paper, City of 
Palo Alto, 2019)
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At present, there is no decision on the type of grade separation (overpass or 
underpass) needed for the project. There are many potential funding methods to 
achieve varying levels of funds required for the project, ranging from the local and 
federal levels. Locals have the option of approving an increase in general taxes or 
special taxes through bond measures, such as an “ad valorem” property tax, which 
increases in proportion to the assessed value of a parcel near the improvement 
site. Thus, the project employs an innovative funding mechanism (similar to value 
capture techniques). 

Other regional funding for the project might come from Santa Clara County’s 2016 
Measure B, which is expected to provide $700 million for the region. State funding 
may come from the Grade Separation Program administered by the California Public 
Utilities Commission (CPUC) and Caltrans: this program can typically provide up to 
$5 million per project. As for federal funding, more competitive grants include the 
Transportation Investment Generating Economic Recovery (TIGER) Grant, which 
supports innovative projects, or the DOT’s Infrastructure for Rebuilding America 
(INFRA) Grants. 

2.	Rengstorff Avenue Grade Separation (Mountain View Voice, 2019)

The Rengstorff Avenue grade separation cost is $120 million, a figure that includes 
the streets’ configuration. The funding would be provided by the Santa Clara Valley 
Transportation Authority (VTA). The VTA is expected to set aside $700 million for 
grade separation projects, including the Rengstorff Avenue project. The funds are 
to be provided from the Measure B (2016 Measure B, 2019), which is a half-cent 
countywide sales tax on each dollar for thirty years. This project is also set to receive 
funding from the CPUC, which has set aside $20 million.

Examples of Projects Outside the State of California 

There was minimal information on the details of the mechanisms used to fund railroad grade 
separation projects in parts of the country outside the State of California. A summary of some 
key railroad at-grade separation projects is presented below for two key states that have 
been known to use tax increment financing to fund infrastructure-related improvements.  

Illinois

The authors considered two completed grade separation projects from Chicago, IL. The City 
of Chicago uses tax increment financing districts to fund a variety of projects, including street 
improvements and neighborhood redevelopment (Value Capture - FHWA, 2019). 

The grade separation projects are managed by the Chicago Region Environmental 
and Transportation Efficiency Program (CREATE), which is a public-private partnership 
among the nation’s railroads, the State of Illinois, and the City of Chicago. CREATE aims 
to improve the efficiency of rail infrastructure for commerce and enhance Northeastern, 
Illinois quality of life. For example, the $41 million grade separation project on 25th 
Avenue & Union Pacific aims to eliminate the at-grade crossing of 25th Avenue by the 
Union Pacific Railroad in Bellwood, IL, with an overpass for vehicles using 25th Avenue 



Mineta Transportat ion Inst i tute

7
Introduction 

at this location. The grade separation was opened for traffic in 2014 (CREATE, 2019). 
Another example is the project located on Grand Ave. at the Indiana Harbor Belt (IHB) 
and CN Franklin Park, IL. The $45-million project eliminated the at-grade rail-highway 
crossing by moving Grand Avenue under the Indiana Harbor Belt (IHB) and the CN 
(Canadian National) tracks (Grand Avenue & IHB & CN Grade Separation, 2019). The 
project was completed in September 2007. 

After reviewing the project fact sheets and reports available online, the authors found 
the financing source of these (and other) projects to be primary partners of the railroad 
companies, Cook County, and the City of Chicago. However, none of the city’s grade 
separation projects was found to be funded through innovative financing mechanisms. 
Often it is difficult to determine how far from the separation real estate properties or 
businesses have received benefits from the grade-separated sites. This also poses a 
challenge when seeking to implement such financing schemes surrounding the grade 
separation projects. 

Minnesota

The grade separation project from Minnesota is in the City of Moorhead. The separation 
project is currently under construction at SE Main Ave./20 St./21 St. and is scheduled 
for completion in 2020. The grade separation is estimated to cost $72.5 million, and the 
street traffic will pass under new bridges carrying railroad tracks. The potential source of 
local funding bonds, 80% of which will be collected through general property tax (City of 
Moorhead, 2019). Thus, this project is a suitable example of value capture funding for a 
grade separation project. However, further details on the property tax collection process 
could not be reported, as limited information was available online for the project. 

ECONOMIC MODELS

This research explores the application of commonly used value capture methods as a 
financing mechanism. Besides, it is assumed that benefits-to-cost eliminating traffic delays, 
reduction fatalities, and emissions reductions are indispensable to economic prosperity and 
growth of the businesses surrounding an at-grade crossing after separation. Thus, economic 
growth could also give rise to other commonly understood funding mechanisms in practices, 
as summarized below.  

Other Funding Mechanisms

The extent of available funds drives most large-scale infrastructure projects undertaken 
by a public authority. Several studies have shown that improvement of rail-related 
infrastructure (such as station development) has resulted in increases in real estate value 
and businesses prosper around the improvements (Cao and Porter-Nelson, 2016; Aldrete 
et al., 2018). However, techniques to exploit all aspects of economic benefits still need to 
be evaluated and adopted in practice. 

Innovative financing mechanisms using a value capture approach, such as the transportation 
reinvestment zone (TRZ), have been emerging as a very promising revenue generation tool 
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for managing large-scale transportation improvement projects in states like Texas (Aldrete 
et al., 2016). TRZ is a well-known mechanism deployed to estimate the revenue generation 
potential of a large-scale transportation improvement. Under the principles of a TRZ, a 
zone is identified which can house a transportation project, and a base year is established. 
Subsequently, property tax revenue is collected from the zone which would be used to finance 
a project that lies within the zone (Transportation Reinvestment Zone, 2019).

A railroad grade separation project in a dense urban area is anticipated to have a large-
scale impact on accessibility, mobility, safety, reliability, and intermodal connectivity—
especially for motorists. These impacts become attractive to businesses that open near 
such improvements, leading to a land value increase, and such projects can be successfully 
analyzed for revenue potential using the TRZ technique. The technique includes capturing 
the appraisal value of a property, as noted in Figure 1. 

Figure 1.	 Illustration of Appraised Property Value Calculations
(Source: Vadali et al., 2011)

Research shows that the area around which real estate benefits accrue is limited to a 
quarter-mile radius around a transportation improvement (Dong, 2016; Vadali et al., 
2011). Thus, in this research, a similar assumption is made while accounting for benefits 
surrounding a grade separation project. 
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II.  DATA COLLECTION

Data collection was carried out to gather information on factors and variables that can 
be used to estimate economic benefits after grade separation. This research aimed to 
analyze railroad at-grade crossings in the State of California; similar studies can be 
conducted for any crossing elsewhere. 

Benefits from at-grade separation include revenue generated through value capture. In 
California, value capture options are being used by the Orange County Transportation 
Corridor Agencies (TCA) to create funds that have provided seed capital for transportation 
facilities (Value Capture FHWA, 2019). Therefore, value capture would account for 
increases in property and businesses’ assessed value around the separated at-grade 
crossing. To achieve the desired level of revenue generated through value capture, the 
impact on the existing value of real estate properties surrounding the crossings must be 
known. The procedure is similar to estimating economic value from various other projects 
that have used value capture or similar techniques in estimating revenues resulting from 
specific at-grade railroad separation projects (Broadway Grade Separation, 2020; City 
of Palo Alto, White Paper, 2019). 

Statutory guidelines provided by the California Streets and Highways Code requirements 
Sections 2450 through 2461 prioritize at-grade crossings for separation based on 
accident rates and congestion (STREETS AND HIGHWAYS CODE, 2019). The code’s 
guidelines do not include economic viability or economic return as value-generated 
for justifying the separation. Determining value capture generated could be extremely 
useful in funding such at-grade separation projects. Applications of such value capture 
techniques have proven to be very promising for other similar large-scale transportation 
projects elsewhere in the nation (Aldrete et al., 2018). 

Three data sets were determined to be necessary for estimating revenue generated 
from grade separation in California:

1.	Property values (land, housing, commercial, etc.) around existing railroad at-grade 
crossings,

2.	The historical rate of increase in property values around the crossing, and 

3.	Employment concentration and growth around each at-grade crossing. Increase in 
employment is used as a proxy for business growth in the region surrounding the 
at-grade crossing. 

The spatial locations of existing railroad at-grade crossings are obtained from the California 
Public Utilities Commission (CPUC) and the Caltrans GIS library (Caltrans, 2020). In 2020, 
there are more than 14,000 at-grade rail crossings in California. Out of more than 14,000 
crossings, only 4,703 crossings are in locations for which Zillow had information on the 
property values. These crossings are also surrounded by high employment concentration 
and growth. The spatial distribution of these at-grade crossings is shown in the map of 
Figure 2. Then, Table 2 provides a summary of data identified for use in revenue estimation. 
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Figure 2.	 Spatial Distribution of Railroad At-Grade Crossings in California



Table 2.	 Data Summary for Economic Potential Calculation around At-Grade Crossings
Map Content Data Description Methods Other Observations

1 Rate of change in employment was 
used as a proxy for business growth 
in the vicinity of the at-grade crossing. 
Level of employment can also be 
used as an indicator of travel activity 
and movement of people—thus 
representing congestion around the 
business establishments and the 
crossing. 

Note: The rate was used to identify 
those at-grade crossings which had 
the potential for sustained business 
growth surrounding them. The higher 
the rate of increase, the more likely the 
corresponding at-grade crossing is to 
be selected for separation. 
 

Rate obtained using the base year 
employment data from 2012 through 
2017; data extrapolated for year 2020. 

Source: LEHD, 2020

Rate was calculated for the latest 
five years’ employment data from 
2012–2017. The year 2012 was used 
as the cut-off to avoid any biases in 
employment numbers that might have 
occurred due to recession periods in 
the years 2008–2009. 

Rate of change in employment is 
relatively very high surrounding 
at-grade crossings in the Bay Area 
counties and in counties of Los Angeles 
and San Diego compared to most other 
California counties.

Reference: Figure 3

2 Year 2020 employment (jobs) 
surrounding at-grade crossing (for 
various buffer sizes).

Note: The extent of employment 
increase was used as a proxy for 
increase in businesses surrounding an 
at-grade crossing. Note that the rate 
was used to determine business growth 
areas around the crossing.

Data for the year 2020 obtained via 
extrapolation of data from 2013 through 
2017.

The latest six years’ data from 2013 
through 2017 were used in the 
extrapolation. 

Total number of jobs is relatively higher 
surrounding at-grade crossings in the 
Bay Area counties and in counties of 
Los Angeles and San Diego compared 
to most other California counties.

Reference: Figure 4

3 Property values are represented 
through median home sale price for the 
year 2020 and surrounding at-grade 
crossing. Homes that were within the 
buffer radius of 0.25 miles were used 
for at-grade crossing. 

The property values were available 
at the lowest spatial resolution of zip 
codes for the year 2020. 

Data source: Housing data from Zillow 
Research (2020)

Property values surrounding an at-
grade crossing were approximated 
from its zip code property values. The 
values were calculated primarily for 
those homes that were within a quarter-
mile buffer surrounding an at-grade 
crossing. 

Property values are relatively high 
surrounding at-grade crossings in the 
Bay Area counties and in counties of 
Los Angeles and San Diego compared 
to most other California counties.

Reference: Figure 5
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Map Content Data Description Methods Other Observations
4 Rate of change in property values 

surrounding at-grade crossing (for 
various buffer sizes)

Data source: Housing data from Zillow 
Research

The average property value 
surrounding an at-grade crossing was 
assumed to be equal to the average 
value of a property in a zip code in 
which the crossing was located. 

 

The rate of change in property values 
is relatively very high surrounding 
at-grade crossings in the Bay Area 
counties and in counties of Los Angeles 
and San Diego compared to most other 
California counties.

Reference: Figure 6
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PROPERTY TAX ASSESSMENT IN CALIFORNIA

The property tax for housing in California is less than 1%, and the increase in the tax is 
capped at 2%. However, this percentage can change for particular purposes: for example, 
in our case, when the area or community surrounding a crossing receives benefits 
due to grade separation. The property tax rate can vary such that the debt incurred in 
grade separation by the city is paid off on time, usually 30 years (California Property Tax 
Calculator, 2020). 



Figure 3.	 Spatial Representation of Rate of Change in Employment Concentration around California At-Grade Crossings 
(Data Source: LEHD, 2020)
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Figure 4.	 Spatial Representation of Employment around Each At-Grade Crossing in California
(Data Source: LEHD, 2020)
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Figure 5.	 Spatial Representation of the Concentration of Property Values (year 2020 median home sale price) around 
At-Grade Crossings in California
(Data Source: LEHD, 2020. Property values calculated based on year 2020 median home sale price.)
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Figure 6.	 Spatial Representation of the Concentration of Rate of Change in Property Values around At-Grade 
Crossings in California
(Data Source: LEHD, 2020. Property values calculated based on year 2020 median home sale price.)
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COST EXAMPLES 

An at-grade railroad crossing can be separated either by constructing a railroad bridge that 
overpasses the roadway or by constructing an overpass bridge over the at-grade cross-
ing or trenched rail tracks. In both cases, one or more bridges must be constructed at the 
crossing. The roadway at the crossing must be reconstructed—a task that includes lower-
ing the roadway or the rail tracks at the crossing and constructing ramps and loop connec-
tors. In this section, a lump-sum cost estimate for separating a rail crossing has been pro-
vided. For this purpose, a detailed investigation of costs associated with the construction 
of four recently separated rail crossings were performed. Table 3 presents a summary of 
key information on constructed bridges and roadways as well as their construction costs. 
The last column in Table 3 takes into account the size of construction for each project by 
normalizing the total cost by the net area of the constructed bridge. The results suggest 
that today’s estimated cost for separating a rail crossing is on average $10,000 per square 
foot of construction in California.



Table 3.	 Summary of Incurred Costs for Four Recently Completed Projects in California

Project Title Project City, County Project Description (Type of Separations, Sizes, and 
Construction Materials)

Total Project Cost Cost per Square 
Foot

1 Nogales Street Grade 
Separation and 
Roadway Widening 
Project

City of Industry, 
Los Angeles County

The project comprises a railroad bridge accommodating two rail 
tracks overpassing the four-lane Nogales Street. 
The bridge consists of two spans with overall dimensions of 40 
feet by 120 feet. 
The bridge construction material and system are a precast 
concrete box girder deck mounted on four concrete piers. 

$46.5 million

Completed in 2016

Estimated 
$9,500 /ft2

2 Baldwin Avenue 
Grade Separation

City of El Monte, 
Los Angeles County

The project comprises a railroad bridge accommodating two rail 
tracks overpassing the four-lane Baldwin Avenue. 
The bridge consists of two spans with overall bridge dimensions 
of 40 feet by 110 feet. 
The bridge construction materials and system are pre-stressed 
concrete girders mounted on a cap beam and three concrete 
piers.

$23 million

Completed in 2015

Estimated 
$5,200 /ft2

3 25th, 28th, and 
31st Avenue Grade 
Separation (25th 
Avenue Grade 
Separation Caltrain, 
2019)

City of San Mateo,
San Mateo County

The project comprises three separate railroad bridges, each 
accommodating two rail tracks; the bridges respectively pass over 
the four-lane 25th, 28th, and 31st Avenues in San Mateo. 
The three bridges are mostly identical in size and construction 
materials. The bridges each consist of two spans, with overall 
bridge dimensions of 50 feet by 110 feet. 
The bridges at 25th and 28th Avenues are constructed using 
concrete girders and concrete columns, while the bridge at 31st 
Avenue is made of steel girders and concrete piers. 

$165.3 million for all 
three bridges

To be completed in 
2021

Estimated 
$10,000 /ft2

4 San Gabriel Trench
Grade Separation 
Project

City of San Gabriel,
Los Angeles County

The unique project comprises 1.4 miles of railroad tracks lowered 
into a trench. The trench is 65 feet wide and 30 feet deep, 
facilitating separation of four at-grade roadway crossings at 
Ramona Street, Mission Road, Del Mar Avenue, and San Gabriel 
Blvd. Overhead bridges were constructed using pre-stressed 
girders. The bridges are all 65 feet long, but their widths vary from 
75 feet to 110 feet. 

$172.6 million

Completed in 2018

Estimated 
$7400 /ft2

It is noted that the design codes and regulations mandated by the jurisdiction where the crossing is located can govern the type 
of separation, the design goals, and the choice of construction materials. Besides, the labor and materials supply varies across 
jurisdictions in California. These factors can affect the total cost of a rail crossing separation.
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GRADE SEPARATION CHALLENGES 

Not all at-grade crossings seem feasible for separation due to practical reasons. The 
following two situations were noted for at-grade crossings that need to be eliminated from 
the pool of crossings in California to be considered for separation. 

1.	Isolated at-grade crossing located on a low-volume road. At-grade crossings in the 
vicinity of an already separated crossing also showed very high employment rates. 
Most of these similar at-grade crossings were present on zero to a very low traffic 
volume roads (see the red dot in Figure 7). It would not be practical to consider such 
at-grade crossings for analysis and hence for separation. Therefore, these and other 
similar at-grade crossings would be dropped out from consideration as potential 
candidates for separation. 

Figure 7.	 Example of Railroad At-Grade Crossing not Suited for Separation 

2.	Multiple closely spaced at-grade crossings. The map in Figure 8 shows several closely 
spaced at-grade crossings within a few hundred feet of each other. Proximity makes 
these crossings difficult and economically challenging to separate. Separating one 
of these at-grade crossings as an overpass or underpass may make the construction 
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and realignment of the railroad and street crossings unfeasible. Therefore, these 
and similar at-grade crossings were dropped out from consideration as potential 
candidates for separation. 

Figure 8.	 Example of One or More Closely Spaced Railroad At-Grade Crossings

Therefore, efforts were made to focus only on those feasible at-grade crossings in California 
that would be suitable for separation and had the potential to yield the largest benefits-to-
cost ratio.
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III.  ANALYZING ECONOMIC BENEFITS AND COSTS

With reference to Section 190 of the CPUC’s Grade Separation Program, in California 
(CPUC, 2020), the formula used for determining an at-grade crossing for separation uses 
a Priority Index Number, which is expressed as

*( 0.1* )*( 1)V T LRT AHP SCF
C

+ +
= +  						      (1)

where 

P = Priority Index Number, 

V = Average Daily Vehicle Traffic, 

T = Average Daily Freight/Commuter Train Traffic, 

LRT = Average Daily Light Rail Train Traffic, 

C = Project Cost Share to be Allocated from Grade Separation Fund, 

AH = Accident History (number of accidents at the crossing), and 

SCF = Special Conditions Factor (CPUC, 2020). 

However, the Priority Index Number in Eq. (1) does not consider monetary benefits (or 
associated costs) involved in the separation of an at-grade crossing, making it challenging 
to identify an appropriate at-grade crossing needing separation yielding a high benefits-to-
cost ratio. The procedure consists of first determining the traffic volume passing through 
an at-grade crossing and then using the information on train speeds and their frequency 
to estimate vehicular traffic delays or wait times at the crossing. Pertinent data on traffic 
volume was assumed to be the annual average daily traffic (AADT) along with the number 
of trains and their speeds and predicted accidents were obtained from the Federal 
Railroad Administration (FRA, 2020). The spatial locations of the crossings in California 
were obtained from the CPUC website. 

The flowchart in Figure 9 presents the procedure for identifying the at-grade crossing that 
would yield the largest benefits-to-cost ratio after separation. An analysis of benefits and 
costs for both undiscounted and discounted scenarios is presented.

In the flowchart of Figure 9, step A involves the choice of an appropriate buffer distance 
around a candidate at-grade crossing. To include those properties that will potentially 
benefit after the separation, a quarter-mile buffer radius has been chosen. Benefits could 
consist of revenue generated through property taxes that can contribute to paying off 
the cost involved in the separation of a candidate crossing. Studies show that a buffer 
distance of a quarter-mile, as used in this research, is ideal for assessing such benefits 
accrued from a transportation improvement. 

Step B (Figure 9) denotes the economic growth potential of an at-grade crossing that 
exists before its separation. The economic potential of a transportation infrastructure 
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element is defined by the improvement’s ability to trigger economic activities (such as 
employment increase, business growth, etc.) in the surrounding region after implementation. 
Economic potential can be easily formulated given data on economic factors such as job 
concentrations and mobility (travel time changes) after the improvements are available. 
In the context of railroad improvements, economic potential can be used as a first-hand 
measure to estimate the relative magnitude of economic benefits of separation of an at-
grade crossing with respect to other candidates. The concept of economic potential and 
its application is discussed in further detail later in this report and is based on the theory of 
access improvement brought about by the separation.  

Step C in Figure 9 depicts a regression model’s development to estimate costs that could 
be incurred in the separation of an at-grade crossing. Data from more than sixty railroad 
at-grade crossings were analyzed to determine the relationship between costs and the 
traffic volume information. 



Figure 9.	 Flowchart for Determining Benefits-to-Cost Ratio of an At-Grade Crossing
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INPUT FACTORS AND BASIC ASSUMPTIONS

A list of inputs that were used in estimating the benefits resulting from the separation has 
been summarized in Tables 4 and 5. All monetary benefits/savings calculations are converted 
into present value dollars (i.e., the year 2020 USD). The analysis has been performed for 
20 years (i.e., through 2040). Three cases have been considered for the benefits-to-cost 
evaluation: undiscounted discounted at 3% and discounted at 7%.

Table 4 provides information on basic assumptions for estimating the benefits and costs for 
a defined analysis period. 

Table 5 presents inputs needed to estimate the benefits of safety improvements, travel 
time savings, and emissions reductions. Other benefits (savings in vehicle operating 
costs, decreased pavement damage, etc.) are not as significant as any of the three benefit 
categories considered in this study (MDT, 2016). Moreover, this study includes revenue 
generated through property tax as an additional benefit to support the determination of the 
most suitable at-grade crossing for separation.

Table 4.	 Assumptions for Benefits-to-Cost Analysis
Inputs Value Reference(s)

Base year 2020 Assumption 
Project start year 2021 Assumption 
First year of benefits 2023 Assumption 
Period of analysis 20 years Assumption (through 2040) 
Discount rate 7% USDOT Guidance (2018)
Discount rate (sensitivity) 3% USDOT Guidance (2018)
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Table 5.	 Inputs and Estimates for Benefits/Savings Calculation
Benefit Type/Cost Saving 

Type
Units Value

 
Reference(s) for Equivalent Dollar 

Value Calculation
Safety Value of a 

statistical 
life (due to 
fatality)

2020 USD $10.25 million 	2016 Revised Value of a Statistical 
Life Guidance (USDOT, 2020). 

	The US inflation for the year 2020 
(from 2016) is 6.8% (US Inflation 
Calculator, 2020)Cost of injury 2020 USD $1.07 million

Travel time 
savings

Value of time 
for automobile

2020 USD /
hr

$14.93 	USDOT Revised Departmental 
Guidance: Valuation of Travel Time 
in Economic Analysis (USDOT, 
2016) 

	Inflation rate from 2015 to 2020 = 
8.2%

Environmental 
benefits: 
emissions

VOC (volatile 
organic 
compounds)

grams per 
minute

0.0447 	GradeDec.Net Reference Manual 
•	 Equation 29 Average Daily 

Emissions at Crossing by 
Vehicle Type

•	 Equation 30 Environmental 
Benefits (for each year and 
crossing)

	2016 Montana Rail Grade 
Separation Study Final Report 
(MDT, 2016)

	USDOT TIGER VII BCA Resource 
Guide 

	Inflation rate from 2015 to 2020 = 
8.2%

2020 USD /
ton

$1,990

NOX grams per 
minute

0.0586

2020 USD /
ton

$7,841.65

CO2 grams per 
minute 

31.065

2020 USD /
ton

$46.78

Property taxes, as alternative 
financing mechanism through 
Enhanced Infrastructure 
Financing Districts (EIFDs)

2020 USD County 
median 
property taxes

	California Property Taxes 2020 (Tax-Rates.

org, 2020)

Based on the train speeds and frequency at a crossing, the authors calculated vehicular 
delays at at-grade crossings (Appendix B provides a detailed analysis of the traffic delay). 
Traffic delays for the vehicles at an at-grade crossing are calculated based on the formulation 
presented in the Northern Rail Extension Draft Environmental Impact Statement (SURFACE 
TRANSPORTATION BOARD, 2020) and using models from queuing theory: Details of the 
formulation, and a detailed analysis of the traffic delay, can be found in Appendix B.

Twelve candidate at-grade crossings were selected as examples to demonstrate the 
application of the methodology outlined in the flowchart of Figure 9. The spatial locations 
(along with Google Street View images) of these twelve locations have been provided in 
Appendix A. Data in Table 6 present the details of the selected twelve candidate at-grade 
crossings for benefits-to-cost analysis. 

http://Tax-Rates.org
http://Tax-Rates.org


Figure 10.	 Spatial Distribution of AADT and Key At-Grade Crossings Analyzed
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Table 6.	 Details of Analyzed Candidate At-Grade Crossings
DOT 

Crossing 
ID

Roadway 
Name

City or 
Town

County AADT
(Year 
2020)

Number 
of Lanes 

(one 
direction)

Total 
Trains 

Passing 
per Day

Train 
Min. 

Speed 
(mph)

Train 
Max. 

Speed 
(mph)

Number 
of Jobs 
within 

0.25-mile 
Radius 
(2020)

Fatalities 
(2010–20)

Injuries
(2010–20)

Predicted 
Collisions 
per Year 

(FRA, 
2020)

Median 
Property 
Tax per 
Parcel 
(Year 
2020)

Number 
of 

Parcels 
within 
0.25-
mile 

Radius
747278U Francisquito 

Ave.
Baldwin 

Park
Los 

Angeles
16,959 2 74 30 70 1,996 1 0 0.127 2,989 830

912103U Willowbrook/
Rosa Parks 
Station

Los 
Angeles

Los 
Angeles

17,428 1 14 35 55 595 0 4 0.044 2,989 781

026859B Sassafras St. San 
Diego

San 
Diego

10,000 2 209 5 50 1,291 0 1 0.064 2,955 652

026861C Palm St. San 
Diego

San 
Diego

6,000 1 209 5 50 2,164 0 0 0.327 2,955 747

661808P Civic Center 
Dr.

National 
City

San 
Diego

7,000 1 418 40 50 974 0 0 0.069 2,955 551

662036K L St. Chula 
Vista

San 
Diego

15,984 2 418 40 55 1,874 0 0 0.270 2,955 656

661929M Spring St. 
(North)

La Mesa San 
Diego

6,000 2 294 25 40 3,481 0 1 0.001 2,955 651

662034W J St. Chula 
Vista

San 
Diego

16,589 2 418 40 55 658 0 0 0.083 2,955 688

662161X E St. Chula 
Vista

San 
Diego

23,750 2 418 40 55 217 0 0 0.085 2,955 576

662163L H St. Chula 
Vista

San 
Diego

22,718 2 418 40 55 982 0 0 0.085 2,955 1064

925806J Parkmoor 
West

San 
Jose

Santa 
Clara

5,381 2 234 35 55 1,913 0 0 0.002 4,694 432

749787X Nursery Ave. Fremont Alameda 10,932 1 43 20 50 32 0 0 0.041 3,993 800
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ESTIMATING COST OF SEPARATION

Data analysis was carried out to understand the impact of AADT on the costs involved 
in the separation of an at-grade crossing. Sixty different at-grade crossings in California 
were reviewed for their separation costs. Some of the costs were estimates, while others 
were actual and involved environmental costs and construction and detour costs. These 
60 reviewed at-grade crossings were chosen from the last ten years. The information was 
available, primarily from Caltrans (Proposition 1B, 2020) and a publicly available grade 
separation priority report on at-grade crossings in California’s Kern County (Kern Council 
of Governments, 2020). 

The graph in Figure 11 shows the variation in AADT versus costs (estimated or actual) for 
separating the at-grade crossings. The information presented in Figure 11 helps determine 
the cost of separation of a railroad-highway at-grade crossing if AADT at that crossing is 
known. AADT has been assumed to be the independent variable in the analysis. Based on 
the regression results (see Table 7), the linear variation in an at-grade crossing separation 
cost versus AADT noted at these crossings was found to be significant at a 95% confidence 
interval (i.e., p<0.005). The statistical results were used to estimate the costs that could be 
incurred in separating candidate at-grade crossings analyzed in this research. The upper 
bound and lower bound lines for costs were constructed, along with the actual estimates, 
as shown in Figure 11.  

Figure 11.	 Grade Separation Costs Variation with AADT
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Table 7.	 Regression Statistics for the Correlation between AADT and Cost

Regression Statistics

Multiple R 0.435128015

R squared 0.189336389

Adjusted R squared 0.17535943

Standard error 25104947.79

Observations 60

ANOVA

  df SS MS F Significance F

Regression 1 8.53768E+15 8.54E+15 13.54632 0.000511941

Residual 58 3.6555E+16 6.3E+14

Total 59 4.50927E+16      

  Coefficients Standard Error t-stat p-value Lower 95% Upper 95%
Intercept 21919754.09 4314652.5 5.080306 4.2E-06 13283038.75 30556469.44
X variable 1 952.689776 258.8456089 3.680533 0.000512 434.5539949 1470.825557

ECONOMIC GROWTH POTENTIAL 

Grade separations have the potential to cause an increase in the surrounding economic 
activity. Travel time savings, crash reductions, and emissions reductions can all be 
translated into monetary benefits; however, before selecting an at-grade crossing for 
separation, the potential of a crossing to yield any estimated economic benefit can be 
evaluated. The method proposed below can serve as a quick check to identify key at-
grade crossings for further application of BCA, especially when the number of crossings 
that are to be analyzed is large. 

A preliminary evaluation of a grade separation can be carried out by using the technique of 
assessing economic growth potential. Several existing studies have used this technique to 
advocate economic growth through rail station and transit-oriented developments (Zhang 
and Yen, 2020; Murakami and Cervero, 2010; Belzer et al., 2011; Zandiatashbar et al., 
2019). Although the technique has been used for various transportation improvement 
projects, similar evaluations for railroad at-grade crossings have been minimal. A vast 
majority of studies related to transportation improvement projects consider accessibility 
increase (as an indicator of economic growth potential) to justify construction or revitalization 
of transportation facilities (Gutiérrez, 2001; Chandra and Vadali, 2014; Chen et al., 2015). 
In this research, a similar assumption is made: improvements in vehicular traffic access 
could enhance economic growth by eliminating the need for the motorists to wait at the 
crossing while the trains pass at the crossing. The improvement in access (Ac), assumed 
to be a gravity-based accessibility model (Chandra and Vadali, 2014), is expressed as:
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where
before
iE = employment surrounding an at-grade crossing i before separation (year 

2020),
after
iE = future year employment surrounding the at-grade crossing i after separation 

(year 2040),
before

iT = the total time (Ti) in a day during which gates are closed for traffic for the 
trains to pass through the crossing i before separation, and

after
iT = the total time (Ti) in a day taken by the traffic to pass through the assumed 

0.1-mile distance through the overpass or underpass of the separated railroad 
crossing i. 

The gravity-based accessibility model formulation shown in Eq. (2) shows that the 
improvement in access (Ac) will be high for those at-grade crossings, which offer an increase 
in employment surrounding it after separation and a high total delay (in time units) during 
which the motorists wait at the closed gates while the trains pass before separation. 
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IV.  RESULTS

The application of the BCA methodology presented in this research requires first estimating 
the economic growth potential of candidate at-grade crossings. Decision-makers can use 
this procedure as guidance to identify key at-grade crossings to focus on for separation 
outcomes from among several crossings. This saves time in analyzing several at-grade 
crossings (which could number in the thousands) and gives a reasonably good idea for 
stakeholders of where the investment for separations could be the most rewarding in terms 
of economic growth of the surrounding area around the separated crossing. Therefore, the 
access improvement formula in Eq. (2) is used to determine crossings that could potentially 
yield high economic growth outputs in terms of business expansions and employment 
increase in their vicinity after separation. 

To demonstrate the application of the methodology described in this research, the authors 
carried out analysis across twelve at-grade crossings that experience high vehicular and 
train traffic in California. These twelve at-grade crossings are located at the following 
highways: Francisquito Ave., Willowbrook/Rosa Parks Station, Sassafras St., Palm St., 
Civic Center Dr., L St., Spring St. (North), J St., E St., H St., Parkmoor West, and Nursery 
Ave. Data in Table 8 show the employment figures for years 2020 and 2040 within a 
quarter-mile distance surrounding each at-grade crossing. The table also shows the rate 
of change in employment along with the travel times before and after the grade separation. 
The rates are derived from employment data of the years 2012 through 2017 from the 
Longitudinal Employer-Household Dynamics (LEHD, 2020) and extrapolated to obtain 
2020 and 2040 employment. 

As evident from the access improvement output compiled in Table 8, nine out of the twelve 
crossings had a very high economic growth potential evident from high access improvement. 
Three crossings had reported negative access improvement. This output was noted by 
considering a long-term evaluation for the year 2040. Specifically, in 2040, the at-grade 
crossings on J St., L St., H St., Sassafras St., and Palm St. have the potential for high 
economic output resulting from the employment changes in the surrounding quarter-mile 
radius and reductions in travel times after their separation. Thus, the policy recommendation 
on this outcome is an encouragement to consider separating one or more of these four at-
grade crossings. However, in making these decisions, the site-specific constraints need to 
be considered, so that separation costs do not offset the economic advantages expected.  
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Table 8.	 Access Improvements of the Crossings After Separation
Roadway Name Year 2020 

Employment 
(before)

Projected 
Year 2040 

Employment 
(after)

Rate of 
Growth in 

Employment 
per Year 

Total Gate 
Down Time 
per Day at a 
Crossing in 
Hours in the 

Year 2020 
(before) 

Travel 
Time in 

Hours after 
Separation 
in the Year 
2040 (after) 

Access 
Improvement 

(Ac in %) 

Francisquito Ave. 1,996 165 -0.05 0.88 0.004 1720
Willowbrook/Rosa 
Parks 

595 78 -0.04 0.19 0.004 524

Sassafras St. 1,291 1652 0.01 2.72 0.004 86805
Palm St. 2,164 4403 0.05 1.66 0.004 84165
Civic Center Dr. 974 0 -0.06 2.23 0.004 -
L St. 1,874 4796 0.08 4.90 0.004 313338
Spring St. (North) 3,481 1756 -0.02 1.81 0.004 22703
J St. 658 2179 0.12 5.11 0.004 422787
E St. 217 0 -0.11 7.79 0.004 -
H St. 982 912 0.00 7.38 0.004 171338
Parkmoor West 1,913 509 -0.04 0.90 0.004 5859
Nursery Ave. 32 0 -0.08 0.50 0.004 -

BENEFITS-TO-COST EVALUATION

The benefits-to-cost evaluation was carried out for all twelve candidate at-grade crossings, 
and the outputs are presented for the undiscounted and discounted rates of 3% and 7% 
across the three levels of cost estimates (lower, mean, and upper) of Figure 11. Details of 
the benefits and costs are compiled in Appendix C.

Table 9 shows the separation cost for the at-grade crossing on E St., which has the largest 
cost when compared to other crossings. This is expected since E St. has the largest AADT. 

Table 9.	 Cost Estimation of the Most Expensive Crossing after Separation

Cost Type
Cost Estimates

Lower Cost Estimate Mean Cost Estimate Upper Cost Estimate

Undiscounted E St.
($24 million)

E St.
($45 million)

E St.
($65 million)

Discounted (3%) E St.
($23 million)

E St.
($43 million)

E St.
($64 million)

Discounted (7%) E St.
($22 million)

E St.
($41 million)

E St.
($61 million)

Based on the benefits-to-cost analysis outputs, the at-grade crossing located on Palm St. 
yields the largest benefits of $7.5 million (undiscounted) resulting from safety improvement 
compared to the eleven other candidate crossings. This was expected, as the location has 
the largest value of predicted collisions at the crossing (see Table 6). 
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The at-grade crossing on E St. has the largest expected benefit of $644k (undiscounted) 
from travel time savings, as well as the highest savings resulting from emissions reductions: 
$5.7k (undiscounted). The benefits result from a high annual average daily traffic passing 
through the crossing. 

For all the combined benefits across safety improvement, travel time savings, emissions 
reductions, and property tax revenue, the crossing at H St. has the potential to yield almost 
$79 million in benefits after separation. 

The at-grade crossing on Nursery Ave. shows the largest benefits of $78 million 
(undiscounted) in terms of property tax revenue, mainly because of a high median property 
tax and the number of parcels that are within the quarter-mile distance surrounding 
the location. Consequently, the benefits-to-cost ratio for the crossing at Nursery Ave. 
considering only revenue through property tax is also the largest, with a benefits-to-cost 
ratio of 4.3 (undiscounted) at the lower cost estimate of the separation. Thus, this at-grade 
crossing presents a better opportunity to support EIFDs in being able to pay off loans 
or debts for its separation among the rest of the eleven crossings. EIFDs can be a very 
effective value capture method for cities to generate revenue through property taxes—
and with a 30-year return, the revenue could be even higher than for a 20-year period 
undertaken in the analysis in this research.

The at-grade crossing located on Nursery Ave. has the largest benefits-to-cost ratio of 
4.4 (undiscounted, lower cost estimate of separation) for all the benefits combined: safety 
improvement, travel time savings, emissions reductions, and revenue through property 
taxes. The other two at-grade crossings at Palm St. in San Diego and H St. in Chula Vista, 
which have benefits-to-cost ratio close to that of Nursery Ave. could also be considered as 
candidates for separation (see Table C8, Appendix C). 

Without considering the property tax revenue but considering all the other benefits and 
cost savings combined, the railroad grade separation on Palm St. crossing would have the 
largest benefits-to-cost ratio of 0.49. 

Tables 10 through 13 provide further detail on the above discussion, that is, for the benefits 
and benefits-to-cost ratio evaluation on the recommended at-grade crossing most eligible 
for separation for a given set of benefit categories. Tables 11 and 12 show an almost 
identical benefits-to-cost ratio for the Nursery Ave. crossing, since the magnitude of the 
revenue from property tax is much higher than the rest of the combined benefits and cost 
savings from safety improvements, travel time savings, and emissions reductions.
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Table 10.	 Summary of the Largest Benefits (in dollars) for the Candidate Crossings

Benefit Type

Benefits Category
 

TOTAL 
BENEFITS

Safety 
improvement

Travel time cost 
savings

Cost savings 
through 

emissions 
reductions 

Revenue 
through property 

taxes

Undiscounted Palm St.
($7.5 million)

E St.
($0.64 million)

E St.
 ($5.7 k)

Nursery Ave.
($78 million)

H St.
($79 million)

Discounted (3%) Palm St.
 ($5.3 million)

E St.
 ($0.59 million)

E St.
 ($5.2 k)

Nursery Ave.
($58 million)

H St.
 ($59 million)

Discounted (7%) Palm St.
 ($3.8 million)

E St.
 ($0.46 million)

E St.
 ($4.1 k)

Nursery Ave.
($42 million)

H St.
 ($43 million)

Table 11.	 Summary of the Largest Benefits-to-Cost Ratio for Nursery Ave. 

Estimate Type
Overall Benefits-to-Cost Ratio: All Benefits Category Combined

Lower Cost Estimate Mean Cost Estimate Upper Cost Estimate

Undiscounted Nusery Ave.
(4.4)

Nusery Ave.
(3.4)

Nusery Ave.
(2.5)

Discounted (3%) Nusery Ave.
(2.4)

Nusery Ave.
(1.9)

Nusery Ave.
(1.4)

Discounted (7%) Nusery Ave.
(1.7)

Nusery Ave.
(1.3)

Nusery Ave.
(1.0)

Table 12.	 Summary of the Largest Benefit-to-Cost Ratio Considering Only Property 
Tax Revenue for Nursery Ave.

Estimate Type
Benefits-to-Cost Ratio, Property Tax Revenue

Lower Cost Estimate Mean Cost Estimate Upper Cost Estimate

Undiscounted Nusery Ave.
(4.3)

Nusery Ave.
(3.3)

Nusery Ave.
(2.5)

Discounted (3%) Nusery Ave.
(2.4)

Nusery Ave.
(1.9)

Nusery Ave.
(1.4)

Discounted (7%) Nusery Ave.
(1.7)

Nusery Ave.
(1.3)

Nusery Ave.
(1.0)



Mineta Transportat ion Inst i tute

36
Results

Table 13.	 Summary of The Largest Benefits-to-Cost Ratio Considering All Benefits 
EXCEPT Property Tax Revenue

Estimate Type
Benefits-to-Cost Ratio, ALL EXCEPT Property Tax Revenue

Lower Cost Estimate Mean Cost Estimate Upper Cost Estimate

Undiscounted Palm St.
(0.49)

Palm St.
(0.36)

Palm St.
(0.27)

Discounted (3%) Palm St.
(0.28)

Palm St.
(0.21)

Palm St.
(0.15)

Discounted (7%) Palm St.
(0.20)

Palm St.
(0.14)

Palm St.
(0.11)

COMPARISON WITH CPUC-BASED GRADE SEPARATION APPROACH

In determining candidate crossings for separation, the Priority Index Number (P) by CPUC 
uses the following factors as input: average daily vehicle traffic, average daily freight/commuter 
train traffic, average daily light rail train traffic, project cost share to be allocated from grade 
separation fund, number of accidents at crossing, and a value for special conditions factor 
(see Eq. 1). Considering all trains to be commuter trains passing through a crossing, with 
equal project cost-share and value for the particular conditions factor, the at-grade railroad 
crossing at E St. in Chula Vista, San Diego County, would have the largest P. Thus, using 
the CPUC approach, E St. would have separation/elimination priority among the twelve at-
grade crossings analyzed in this study. Table 14 provides the list of crossings in the order of 
preference for separation/elimination based on CPUC policy. 

Table 14.	 Separation Priority Based on CPUC Priority Index
DOT Crossing ID Roadway Name AADT × Total Trains × (Number of Accidents + 1)

662161X E St. 9,927,500
662163L H St. 9,496,124
662034W J St. 6,934,202
662036K L St. 6,681,312
026859B Sassafras St. 4,180,000
661929M Spring St. (North) 3,528,000
661808P Civic Center Dr. 2,926,000
747278U Francisquito Ave. 2,509,932
925806J Parkmoor West 1,259,154
026861C Palm St. 1,254,000
912103U Willowbrook/Rosa Parks Station 1,219,960
749787X Nursery Ave. 470,076
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UNDERPASS/OVERPASS RECOMMENDATION

Site restrictions at Sassafras St. and Spring St. (see Appendix A, Figs. A3 and A7) limit 
grade separations at these two streets to be underpass configurations (i.e., rail line 
below the roadway), while the separations for the rest of the crossings could be overpass 
configurations (i.e., rail line above the roadway). A brief description is also provided in 
Appendix D to determine an estimate of costs for underpass and overpass construction 
involved in the separation of a typical railroad crossing. These costs are in 2020 dollars 
and are based on a grade separation priority report on at-grade crossings in California’s 
Kern County (Kern Council of Governments, 2020). 
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V.  CONCLUSIONS 

Rail infrastructure improvements have a significant impact on the economic development 
of a region. These improvements require investments that are often limited. The goal of 
this research is to evaluate financing mechanisms and economic benefits to fund railroad 
at-grade separations. Separations are often motivated by the aim of reducing fatalities 
resulting from vehicle-to-train collisions at the at-grade crossings. Other motivations 
include travel time savings, increasing mobility for the motorists, especially at crossings 
that experience heavy vehicular traffic. 

Currently, the formula for determining the separation of an at-grade crossing developed by 
CPUC considers the daily traffic from the movement of people and goods, project costs, 
and accident history. However, it lacks any consideration of benefits or costs incurred 
in the separation, which can play a crucial role in utilizing the available funds. There 
is a pressing need to understand whether railroad at-grade separation projects could 
impact their neighboring real estate values and whether possibilities exist for leveraging 
economic benefits to fund grade separation projects through schemes such as value 
capture techniques. With COVID-19, as current infrastructure spending in California 
is experiencing a reboot, a BCA approach should be explored for such separations. 
Therefore, the inclusion of economic factors into the current CPUC guidance would 
improve the decision-making process in prioritizing an at-grade railroad crossing for 
separation in California.

The methodology presented in this research relies on BCA and evaluated twelve railroad-
highway at-grade crossings in California as examples. These crossings are located at 
Francisquito Ave., Willowbrook/Rosa Parks Station, Sassafras St., Palm St., Civic Center 
Dr., L St., Spring St. (North), J St., E St., H St., Parkmoor West, and Nursery Ave. The 
analysis shows that with the estimated BC ratios, the railroad crossings at Nursery Ave. 
in Fremont, Palm St. in San Diego, and H St. in Chula Vista could be ideal candidates for 
separation. The separation of these at-grade crossings would yield a very high benefits-
to-cost ratio. Benefits would include travel time savings, safety improvements, emissions 
reductions, and revenues from property tax surrounding the crossings. The revenue 
generated from property tax could be used to fulfill the capital cost needs of separation. 
Overall, with the methodology used to analyze the economic benefits presented in this 
research, decision-makers can prioritize the separation of at-grade crossings in a more 
economically feasible manner. 
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APPENDIX A: GOOGLE STREET VIEW OF CANDIDATE AT-
GRADE CROSSINGS

Figure A1.	Francisquito Ave. Railroad At-Grade Crossing 
(Source: Google Street View)
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Appendix A: Google Street View of Candidate At-grade Crossings

Figure A2.	Willowbrook/Rosa Parks Railroad At-Grade Crossing 
(Source: Google Street View)
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Appendix A: Google Street View of Candidate At-grade Crossings

Figure A3.	Sassafras St. Railroad At-Grade Crossing 
(Source: Google Street View)
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Appendix A: Google Street View of Candidate At-grade Crossings

Figure A4.	Palm St. Railroad At-Grade Crossing 
(Source: Google Street View)
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Appendix A: Google Street View of Candidate At-grade Crossings

Figure A5.	Civic Center Dr. Railroad At-Grade Crossing 
(Source: Google Street View)
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Appendix A: Google Street View of Candidate At-grade Crossings

Figure A6.	L Street Railroad At-Grade Crossing 
(Source: Google Street View)
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Appendix A: Google Street View of Candidate At-grade Crossings

Figure A7.	Sprint St. Railroad At-Grade Crossing 
(Source: Google Street View)
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Appendix A: Google Street View of Candidate At-grade Crossings

Figure A8.	J St. Railroad At-Grade Crossing 
(Source: Google Street View)



Mineta Transportat ion Inst i tute

47
Appendix A: Google Street View of Candidate At-grade Crossings

Figure A9.	E St. Railroad At-Grade Crossing 
(Source: Google Street View)
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Appendix A: Google Street View of Candidate At-grade Crossings

Figure A10. H St. Railroad At-Grade Crossing 
   (Source: Google Street View)
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Appendix A: Google Street View of Candidate At-grade Crossings

Figure A11. Parkmoor West Railroad At-Grade Crossing 
   (Source: Google Street View)
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Appendix A: Google Street View of Candidate At-grade Crossings

Figure A12. Nursery Ave. Railroad At-Grade Crossing 
   (Source: Google Street View)
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APPENDIX B: TRAFFIC DELAY FORMULATION

The authors made conservative assumptions about the inputs needed in estimating traffic 
delays at an at-grade crossing. Therefore, it was assumed that all trains passing through 
the at-grade crossing were passenger trains of average length 700 feet: this estimate (700 
feet) is based on the assumption that the length of one passenger train car is 85 feet with 
eight cars per train. Therefore, given that the average time for which the crossing is closed 
to vehicular traffic by one train is the length of the train divided by its speed, the gate down 
time for a train per day (Ti) at the crossing i is expressed as

where

L = Average length of a train passing through any crossing. The length of 700 ft (or 
0.13 miles) is assumed as if all trains passing at the crossing are passenger trains.

si = The average speed of the trains passing through the crossing i. The average of 
the minimum and maximum train speeds is assumed to be the average train speed.

t = Warning time for gate opening and closure. Assumed to be 10 seconds.

ni = Number of trains passing per day through the at-grade crossing i.
 
Further, assuming that the arrival and departure rates at the crossing are uniform for the 
vehicles based on queuing theory (as shown in the sketch of Fig. 5 earlier) for the case of a 
single train passing through the crossing, the delay can be written as:

Therefore, the total vehicle delay per day at crossing i (denoted by Di ) for the number of 
trains ni passing per day through the at-grade crossing is

where

im= Vehicle departure rate at the crossing i (vehicle/ lane-hour). Based on the High-
way Capacity Manual (HCM, TRB 2001), the departure rates (as saturation flow 
rates) used are the following: highways (1,800), arterials (1,400), collectors (900), 
and local roads (700). 

il = Vehicle arrival rate at the crossing i. The arrival rate is calculated by converting 
the annual average daily traffic (AADTi) into vehicles/lane-hour at crossing i. 
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Figure B1.	Derivation for Traffic Delay (Di) per Day Resulting from a Single Train’s 
Passage through a Crossing

The total waiting time for the traffic, Ti, obtained from Eq. B1 will be an approximation but 
could provide a reasonably good idea about at-grade crossings that are problematic in 
causing the largest waiting times (representing vehicular delays) at the crossing. 
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APPENDIX C: DETAILED OUTPUT OF BENEFITS-TO-COST 
ANALYSIS

Table C1.	 Total Cost Savings (in 2020 dollars) Resulting from Accident Elimination 
(safety improvement)

Roadway Name Total Accident Cost 
Savings (Undiscounted)

Total Accident Cost 
Savings (Discounted at 3%)

Total Accident Cost 
Savings (Discounted at 7%)

Francisquito Ave. $2,916,911 $3,104,204 $2,505,985
Willowbrook/Rosa 
Parks Station 

$1,003,388 $1,119,225 $913,444

Sassafras St. $1,470,858 $1,149,443 $847,790
Palm St. $7,500,900 $5,346,720 $3,808,387
Civic Center Dr. $1,574,885 $1,122,595 $799,607
L St. $6,197,098 $4,417,356 $3,146,415
Spring St. (North) $22,096 $116,751 $112,219
J St. $1,900,887 $1,354,972 $965,126
E St. $1,957,897 $1,395,610 $994,071
H St. $1,950,983 $1,390,681 $990,561
Parkmoor West $49,430 $35,234 $25,097
Nursery Ave. $932,528 $664,716 $473,467



Figure C1.	Safety Improvement Cost Savings across the Analyzed At-Grade Crossings in California
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Appendix C: Detailed Output of Benefits-to-Cost Analysis

Table C2.	 Total Travel Time Cost Savings as Benefits (in 2020 USD)
Roadway Name Total Travel Time 

Savings (Undiscounted)
Total Travel Time Savings 

(Discounted at 3%)
Total Travel Time Savings 

(Discounted at 7%)
Francisquito Ave. $72,618 $56,271 $41,081
Willowbrook/Rosa 
Parks Station 

$427,567 $322,800 $227,228

Sassafras St. $385,879 $282,658 $199,929
Palm St. $237,000 $185,596 $134,705
Civic Center Dr. $177,026 $145,996 $109,141
L St. $391,975 $290,637 $208,874
Spring St. (North) $139,775 $139,943 $111,048
J St. $409,870 $285,345 $199,797
E St. $644,401 $593,186 $457,625
H St. $607,769 $426,919 $299,220
Parkmoor West $68,508 $173,360 $159,213
Nursery Ave. $60,190 $43,418 $30,502



Figure C2.	Travel Time Cost Savings across the Analyzed At-Grade Crossings in California
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Appendix C: Detailed Output of Benefits-to-Cost Analysis

Table C3.	 Cost Savings as Benefits (in 2020 dollars) from Emissions Reductions
Roadway Name Total Cost Savings from 

Emissions Reductions 
(Undiscounted)

Total Cost Savings from 
Emissions Reductions 

(Discounted at 3%)

Total Cost Savings from 
Emissions Reductions 

(Discounted at 7%)
Francisquito Ave. $644 $499 $364
Willowbrook/Rosa 
Parks Station 

$3,791 $2,862 $2,015

Sassafras St. $3,422 $2,506 $1,773
Palm St. $2,102 $1,646 $1,194
Civic Center Dr. $1,570 $1,295 $968
L St. $3,476 $2,577 $1,852
Spring St. (North) $1,239 $1,241 $985
J St. $3,634 $2,530 $1,772
E St. $5,714 $5,260 $4,058
H St. $5,389 $3,786 $2,653
Parkmoor West $607 $1,537 $1,412
Nursery Ave. $534 $385 $270



Figure C3.	Cost Savings from Emissions Reductions across the Analyzed At-Grade Crossings in California
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Appendix C: Detailed Output of Benefits-to-Cost Analysis

Table C4.	 Total Revenue from Property Taxes (in 2020 dollars) from Properties in a 
Quarter-Mile Radius

Roadway Name Total Revenue from 
Property Tax 

(Undiscounted)

Total Revenue from 
Property Tax 

(Discounted at 3%)

Total Revenue from 
Property Tax 

(Discounted at 7%)
Francisquito Ave. $60,278,616 $45,296,956 $32,703,978
Willowbrook/Rosa 
Parks Station 

$56,719,999 $42,622,798 $30,773,261

Sassafras St. $46,812,770 $35,177,915 $25,398,125
Palm St. $53,633,650 $40,303,531 $29,098,772
Civic Center Dr. $39,561,099 $29,728,575 $21,463,753
L St. $47,099,965 $35,393,730 $25,553,941
Spring St. (North) $46,740,972 $35,123,961 $25,359,170
J St. $49,397,525 $37,120,253 $26,800,475
E St. $41,356,067 $31,077,421 $22,437,607
H St. $76,393,846 $57,406,904 $41,447,246
Parkmoor West $49,270,401 $37,024,725 $26,731,504
Nursery Ave. $77,615,518 $58,324,941 $42,110,061



Figure C4.	Potential Revenue from Property Taxes from Properties within a Quarter-Mile Radius of the Analyzed At-Grade 
Crossings in California
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Appendix C: Detailed Output of Benefits-to-Cost Analysis

Table C5.	 Total Benefits from Safety Improvement, Travel Time Savings, Emissions 
Reductions, and Property Tax Revenue (in 2020 USD)

Roadway Name Total Benefits
(Undiscounted)

Total Benefits
(Discounted at 3%)

Total Benefits
(Discounted at 7%)

Francisquito Ave. $63,268,789 $48,457,930 $35,251,408
Willowbrook/Rosa 
Parks Station 

$58,154,745 $44,067,686 $31,915,948

Sassafras St. $48,672,929 $36,612,522 $26,447,616
Palm St. $61,373,651 $45,837,493 $33,043,058
Civic Center Dr. $41,314,580 $30,998,460 $22,373,468
L St. $53,692,514 $40,104,300 $28,911,083
Spring St. (North) $46,904,083 $35,381,895 $25,583,422
J St. $51,711,916 $38,763,101 $27,967,170
E St. $43,964,080 $33,071,477 $23,893,361
H St. $78,957,988 $59,228,290 $42,739,681
Parkmoor West $49,388,946 $37,234,856 $26,917,226
Nursery Ave. $78,608,770 $59,033,459 $42,614,300



Figure C5.	Total Benefits across Safety Improvement, Travel Time Savings, Emissions Reductions, and Property Tax 
Revenue for the Analyzed At-Grade Crossings in California
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Appendix C: Detailed Output of Benefits-to-Cost Analysis

Table C6.	 Cost of Separation: Undiscounted (in 2020 USD)
Roadway Name Costs (Undiscounted):

Lower Estimate (in 
millions)

Costs (Undiscounted):
Mean Estimate (in millions)

Costs (Undiscounted):
Upper Estimate (in 

millions)
Francisquito Ave. $21 $38 $56 
Willowbrook/Rosa 
Parks Station 

$21 $39 $56 

Sassafras St. $18 $31 $45 
Palm St. $16 $28 $39 
Civic Center Dr. $16 $29 $41 
L St. $20 $37 $54 
Spring St. (North) $16 $28 $39 
J St. $20 $38 $55 
E St. $24 $45 $65 
H St. $23 $44 $64 
Parkmoor West $16 $27 $38 
Nursery Ave. $18 $32 $47 

Table C7.	 Cost of Separation: Discounted at 3% (in 2020 USD)
Roadway Name Costs 

(Discounted at 3%):
Lower Estimate (in 

millions)

Costs 
(Discounted at 3%):

Mean Estimate (in millions)

Costs 
(Discounted at 3%):
Upper Estimate (in 

millions)
Francisquito Ave. $20 $37 $54 
Willowbrook/Rosa 
Parks Station 

$20 $37 $55 

Sassafras St. $17 $31 $44 
Palm St. $15 $27 $38 
Civic Center Dr. $16 $28 $40 
L St. $20 $36 $52 
Spring St. (North) $15 $27 $38 
J St. $20 $37 $53 
E St. $23 $43 $64 
H St. $22 $42 $62 
Parkmoor West $15 $26 $37 
Nursery Ave. $17 $31 $45 
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Table C8.	 Cost of Separation: Discounted at 7% (in 2020 USD)
Roadway Name Costs 

(Discounted at 7%):
Lower Estimate (in 

millions)

Costs 
(Discounted at 7%):

Mean Estimate (in millions)

Costs 
(Discounted at 7%):
Upper Estimate (in 

millions)
Francisquito Ave. $19 $35 $52 
Willowbrook/Rosa 
Parks Station 

$19 $36 $52 

Sassafras St. $16 $29 $42 
Palm St. $15 $26 $37 
Civic Center Dr. $15 $27 $38 
L St. $19 $35 $50 
Spring St. (North) $15 $26 $37 
J St. $19 $35 $51 
E St. $22 $41 $61 
H St. $22 $41 $59 
Parkmoor West $15 $25 $36 
Nursery Ave. $17 $30 $43 



Figure C6.	Estimated Undiscounted Cost of Separation for the Analyzed At-Grade Crossings in California
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Figure C7.	Estimated Cost of Separation Discounted (at 3% and 7%) for the Analyzed At-Grade Crossings in California
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Table C9.	 Benefits-to-Cost Ratios for All the Combined Benefits Categories 
(safety, travel time, emissions, and property tax)

Roadway Name 

Benefits-to-Cost Ratio 
(Undiscounted)

Benefits-to-Cost Ratio
(Discounted at 3%)

Benefits-to-Cost Ratio
(Discounted at 7%)

At 
Lower 
Cost 
Estimate

At Mean 
Cost 
Estimate

At 
Upper 
Cost 
Estimate

At 
Lower 
Cost 
Estimate

At Mean 
Cost 
Estimate

At 
Upper 
Cost 
Estimate

At 
Lower 
Cost 
Estimate

At Mean 
Cost 
Estimate

At 
Upper 
Cost 
Estimate

Francisquito Ave. 3.1 1.7 1.1 2.4 1.3 0.9 1.8 1.0 0.7
Willowbrook/
Rosa Parks 
Station 

2.8 1.5 1.0 2.2 1.2 0.8 1.6 0.9 0.6

Sassafras St. 2.8 1.5 1.1 2.1 1.2 0.8 1.6 0.9 0.6
Palm St. 3.9 2.2 1.6 3.0 1.7 1.2 2.2 1.3 0.9
Civic Center Dr. 2.5 1.4 1.0 2.0 1.1 0.8 1.5 0.8 0.6
L St. 2.7 1.4 1.0 2.0 1.1 0.8 1.5 0.8 0.6
Spring St. (North) 3.0 1.7 1.2 2.3 1.3 0.9 1.7 1.0 0.7
J St. 2.5 1.4 0.9 2.0 1.1 0.7 1.5 0.8 0.5
E St. 1.9 1.0 0.7 1.4 0.8 0.5 1.1 0.6 0.4
H St. 3.4 1.8 1.2 2.6 1.4 1.0 2.0 1.1 0.7
Parkmoor West 3.2 1.8 1.3 2.5 1.4 1.0 1.9 1.1 0.8
Nursery Ave. 4.4 2.4 1.7 3.4 1.9 1.3 2.5 1.4 1.0



Figure C8.	Benefits-to-Cost Ratios for All the Combined Benefits Categories
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Table C10. Benefits-to-Cost Ratios for Just the Property Tax Revenue

Roadway Name 

Benefits-to-Cost Ratio 
(Undiscounted)

Benefits-to-Cost Ratio
(Discounted at 3%)

Benefits-to-Cost Ratio
(Discounted at 7%)

At 
Lower 
Cost 
Estimate

At Mean 
Cost 
Estimate

At 
Upper 
Cost 
Estimate

At 
Lower 
Cost 
Estimate

At Mean 
Cost 
Estimate

At 
Upper 
Cost 
Estimate

At 
Lower 
Cost 
Estimate

At Mean 
Cost 
Estimate

At 
Upper 
Cost 
Estimate

Francisquito Ave. 2.9 1.6 1.1 2.3 1.2 0.8 1.7 0.9 0.6
Willowbrook/
Rosa Parks 
Station 

2.7 1.5 1.0 2.1 1.1 0.8 1.6 0.9 0.6

Sassafras St. 2.7 1.5 1.0 2.1 1.2 0.8 1.5 0.9 0.6
Palm St. 3.4 1.9 1.4 2.6 1.5 1.1 2.0 1.1 0.8
Civic Center Dr. 2.4 1.4 1.0 1.9 1.1 0.8 1.4 0.8 0.6
L St. 2.3 1.3 0.9 1.8 1.0 0.7 1.4 0.7 0.5
Spring St. (North) 2.9 1.7 1.2 2.3 1.3 0.9 1.7 1.0 0.7
J St. 2.4 1.3 0.9 1.9 1.0 0.7 1.4 0.8 0.5
E St. 1.8 0.9 0.6 1.4 0.7 0.5 1.0 0.5 0.4
H St. 3.3 1.8 1.2 2.6 1.4 0.9 1.9 1.0 0.7
Parkmoor West 3.2 1.8 1.3 2.4 1.4 1.0 1.8 1.1 0.7
Nursery Ave. 4.3 2.4 1.7 3.3 1.9 1.3 2.5 1.4 1.0



Figure C9.	Benefits-to-Cost Ratios for All the Benefits Categories of Property Tax Revenues
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Table C11.	Benefits-to-Cost Ratios for the Combined Benefits Categories (safety, 
travel time, and emissions) EXCEPT Property Tax Revenue

Roadway Name 

Benefits-to-Cost Ratio 
(Undiscounted)

Benefits-to-Cost Ratio
(Discounted at 3%)

Benefits-to-Cost Ratio
(Discounted at 7%)

At 
Lower 
Cost 
Estimate

At Mean 
Cost 
Estimate

At 
Upper 
Cost 
Estimate

At 
Lower 
Cost 
Estimate

At Mean 
Cost 
Estimate

At 
Upper 
Cost 
Estimate

At 
Lower 
Cost 
Estimate

At Mean 
Cost 
Estimate

At 
Upper 
Cost 
Estimate

Francisquito Ave. 0.14 0.08 0.05 0.16 0.09 0.06 0.13 0.07 0.05
Willowbrook/
Rosa Parks 
Station 

0.07 0.04 0.03 0.07 0.04 0.03 0.06 0.03 0.02

Sassafras St. 0.11 0.06 0.04 0.08 0.05 0.03 0.06 0.04 0.02
Palm St. 0.49 0.28 0.20 0.36 0.21 0.14 0.27 0.15 0.11
Civic Center Dr. 0.11 0.06 0.04 0.08 0.05 0.03 0.06 0.03 0.02
L St. 0.33 0.18 0.12 0.24 0.13 0.09 0.18 0.10 0.07
Spring St. (North) 0.01 0.01 0.00 0.02 0.01 0.01 0.02 0.01 0.01
J St. 0.11 0.06 0.04 0.08 0.04 0.03 0.06 0.03 0.02
E St. 0.11 0.06 0.04 0.09 0.05 0.03 0.07 0.04 0.02
H St. 0.11 0.06 0.04 0.08 0.04 0.03 0.06 0.03 0.02
Parkmoor West 0.01 0.00 0.00 0.01 0.01 0.01 0.01 0.01 0.01
Nursery Ave. 0.06 0.03 0.02 0.04 0.02 0.02 0.03 0.02 0.01



Figure C10.Benefits-to-Cost Ratios for All the Benefits Categories Combined Excluding Property Tax Revenues
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APPENDIX D: UNDERPASS/OVERPASS COST ESTIMATION

Cost highlights from grade separation prioritization report from Kern County (Kern Council 
of Governments, 2020):

1.	Railroads prefer overpasses to underpasses as they tend to be less disruptive to 
operations during their construction.

2.	Overpasses also tend to be more economical to construct.

3.	Key variables in grade separation costs related to the right-of-way acquisition needs, 
replacement property access needs and those for underpasses utility relocation and 
hazmat costs.

4.	An underpass could be beneficial/needed to avoid clear zone aviation requirements 
for the airport.

Cost analysis in 2020 USD:

Average Construction Costs:
Overpass Avg: $25 Million 
Overpass Range: $17M to $57M

Underpass Avg: $35 Million
Underpass Range: $26M to $68M

A Rule-of-Thumb Cost Estimate for Future Separations:
a.1) Constructed in a relatively undeveloped area with light traffic: Costs $17-$19 Million

a) Two-Lane (1200ft to 1500 ft)
a.2) Constructed in a developed area with medium to high traffic: Costs $23-$29 Million

I. Overpass Construction
b.1) Constructed in a relatively undeveloped area with light traffic: Costs $25-$29 Million

b) Four-Lane (1200ft to 1300ft)
b.2) Constructed in a developed area with medium to high traffic: Costs $29-$46 Million

a) Simple Two-Lane: Costs $25-$30 Million
I. Underpass Construction

b) Four-Lane or Six-Lane: Costs $40-$60 Million
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ABBREVIATIONS AND ACRONYMS

AADT Annual Average Daily Traffic

BCA Benefits-to-Cost Analysis

CPUC California Public Utilities Commission

FHWA Federal Highway Administration 

FRA Federal Railroad Administration 
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