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Bay Area Access Alternatives
Two main options were considered for joining the Cen-
tral Valley alignments with the Bay Area. They are de-
scribed below and illustrated in Exhibit 3-7.

Altamont Pass (Baseline Corridor)  � This alignment
heads west from the SR-99 corridors just south of
Stockton and proceeds over the coastal mountains via
the Altamont Pass.  The corridor follows the I-580, ap-
proaching the bay area from the east.  At Newark the
alignment branches, with one branch turning south
following the existing Mulford Line to a terminus in San

Exhibit 3-7
Bay Area Access Alternatives

Jose while the other branch could serve either the peninsula and San Francisco
or the east bay and Oakland.  Potential stations include Tracy, Pleasanton, New-
ark/Fremont, and San Jose (Diridon Station).

Pacheco Pass - This alignment turns to the west from the SR-99 corridors ap-
proximately 25 miles north of Fresno.  The corridor crosses the coastal moun-
tains via the Pacheco Pass in the vicinity of SR-152 and the San Luis Reservoir.
Near Gilroy the alignment turns north to join the existing Caltrain rail corridor and
proceeds to San Jose, approaching the bay area from the south.  Potential sta-
tions include Los Banos, Gilroy, and San Jose (Diridon Station).
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Bay Area Alternatives
Several corridor and termini options were consid-
ered in the Bay Area.  The area could be served by
one or more (in combination) of these alternatives.
The alignments are described below and illustrated
in Exhibit 3-8.

East Bay - This alignment follows the existing rail corri-
dor (Mulford Line) north from San Jose towards Oak-
land.  It is compared to the Baseline Corridor on the
Peninsula for both of the Bay Area entrances: Pacheco
Pass and the Baseline Altamont Pass.  The terminal
station could be located at either West Oakland along
the existing line or at Lake Merritt, which would require
a new alignment joining the Mulford Line with the ex-
isting Lake Merritt BART station.  Potential stations in-
clude Newark, Oakland Airport, West Oakland and/or
Lake Merritt.

Peninsula Corridor (Baseline Corridor) - This alignment
follows the existing Caltrain rail corridor northward from
San Jose (Pacheco Pass) or Redwood City (Altamont
Pass) towards San Francisco.  The downtown termi-
nus could be located at the existing Caltrain terminus
at 4th and Townsend or at the Transbay Terminal, which
would require a new alignment from the existing termi-
nus.  Potential stations include Redwood City/Palo Alto,
San Francisco Airport, and Downtown San Francisco
(4th and Townsend or the Transbay Terminal).

Terminus at Interface with Regional Transportation Sys-
tem � Several options were considered to terminate
either alternative at a point prior to the downtown ter-
minus with passengers connecting into regional trans-
portation systems. Other potential termini included
SFO, Oakland Airport, San Jose, and Pleasanton de-
pending on the alignment option.

Exhibit 3-8
Bay Area Alternatives
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Bay Area Access Alternatives
There were two options for approaching the Bay Area,
either from the south using the Pacheco Pass to cross
the coastal mountains or from the east utilizing the
Altamont Pass(Exhibit 3-34).  The evaluation of these
two alternatives is presented in Exhibit 3-35 for the
two technologies while the key issues associated with
each are presented in Exhibit 3-36.

Altamont Pass
This corridor turns west from the Central Valley align-
ment just south of Stockton.  The location of the coastal
mountain crossing has implications on the travel times
between Sacramento and San Francisco.  Since this
is the northerly option, the travel time is faster than
that of the Pacheco Pass, almost 50 minutes less for
an express trip with VHS technology and 35 minutes
less for Maglev.  The Sacramento to San Francisco
express travel time, 59 minutes for VHS service and
44 minutes for Maglev, would be very competitive with
other forms of transportation in this market.  The travel
times are less competitive from Southern California.
The travel time to San Francisco from the south (e.g.,
Los Angeles) is 3 minutes faster for this option but the
time to San Jose from the south is 10 minutes longer
than with the Altamont Pass.

With this alternative, a branch alignment is needed to
serve San Jose.  As discussed previously, branched
alignments can negatively impact the frequency of
service provided to the stations along the branches.
This impact is more noticeable in this case, wherein
both termini (San Jose and San Francisco) are the
destinations of a large portion of the passengers.  In
this case, the result is less frequent service to the two
termini unless additional trains (i.e. above the baseline
concept) are provided.  This alternative requires less

Exhibit 3-35
Bay Area Access
Evaluation
VHS/Maglev

Exhibit 3-35
Bay Area Access - Altamont Pass, Pacheco Pass

Note: (1) In Millions of 1999 Dollars
(2) Travel times compared from Junction B to San Jose or San Francisco.  Length and
     Capitol Cost are compared from Junction A and B, respectively
(3) In Millions of Annual Passengers for Statewide System/% Change from Baseline
(4) In Millions Annually for Statewide System (1997 Dollars)/% Change from Baseline
(5) In Millions Annually (1999 Dollars)
(6) Capital Cost Includes Newark to San Jose segment
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Exhibit 3-36
Bay Area Access

Evaluation
Key Constraints/Issues

tunneling than the Pacheco Pass, 8.9 miles as opposed
to 12.3 miles (Exhibit 3-37).  In addition, this alterna-
tive is 58 miles shorter in terms of joining the Central
Valley alignment with the Bay Area.  Since it is shorter
and has fewer tunnels, the Altamont Pass is less costly
than the Pacheco Pass.

Environmental issues associated with this corridor in-
clude substantial farmland impacts from south of Stock-
ton to Tracy; impacts to threatened and endangered
species such as California red-legged frog and the
California clapper rail; crossing of the Stanislaus River
and San Joaquin River in addition to other natural and
channelized drainages; and potential direct or indirect
impacts to historic properties in Tracy.   HSR within
this corridor also has the potential to affect low-income
populations in Livermore and Pleasanton and minority
populations in Manteca, Tracy, Pleasanton, Union City,
and San Jose.  There is also the potential for visual
impacts to adjacent residences.

Pacheco Pass
This corridor turns west from the Central Valley align-
ment between Fresno and Merced.  The more south-
erly location of this alternative leads to a Sacramento
to San Francisco travel time of 1 hour and 48 minutes,
which is not as competitive with other modes of travel
compared to the Altamont Corridor alternative.  This
alternative does provide a faster travel time to San Jose
from the south (e.g., Los Angeles),10 minutes less than
the Altamont option, and the time to San Francisco is
only 3 minutes longer.  Branch operations are not
needed in this alternative to serve San Jose.  Since
they are along one line, the same train can serve San
Jose and San Francisco, improving the level service
to both destinations.  Given the improved service and

Exhibit 3-37
Bay Area Access Profiles
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competitive travel times to Southern California, the forecasted revenue for the
Pacheco Pass is 8% higher for VHS service and 5.5% higher for Maglev service
versus the Altamont Pass.

Overall, the Pacheco Pass option would have more negative environmental im-
pacts as compared to Altamont Pass option.  This option may potentially affect
low-income populations in San Jose and minority populations in Gilroy, Morgan
Hill, and San Jose.  There would be substantially more water crossings associ-
ated with this alignment including over 20 small streams between the San Joaquin
River and Los Banos.  Farmland impacts are greatest within the area of Gilroy to
Morgan Hill and Chowchilla to Los Banos.  This option also has a high potential
to directly or indirectly affect historic properties in Santa Clara.  The San Luis
Reservoir State Recreation Area and O�Neil Forebay may also be potentially
affected by this option.  There would be visual impacts to these resources as
well as to residential areas adjacent to the alignment.  Other environmental is-
sues associated with this option include floodplain encroachment and potential
impacts to threatened and endangered species.

Reduced Stations
While the evaluation of the Bay Area Access alternatives included costing all of
the potential stations, another alternative was studied reducing the number of
stations on the line.  The three stations to be eliminated in this alternative are
Tracy, Newark/Fremont, and Redwood City.  Exhibit 3-38 illustrates the effect of
not including these stations on the HSR line.  Reducing the number of stations
reduces capital costs by a relatively small amount ($108 million) yet it reduces
the ridership and revenue quite significantly.  The express travel times would not
be affected in this alternative, but the local travel times would improve by 15
minutes.

Exhibit 3-38
Bay Area Access - Reduced Stations
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Bay Area Alternatives
There were three primary alternatives in the Bay Area, (1) an alignment serving San
Francisco via the peninsula, (2) an alignment serving Oakland via an east bay
alignment, (3) both the peninsula and east bay corridors and (4) the potential for
terminating the HSR line before the urban centers at an interface with existing re-
gional transit (Exhibit 3-49 and 3-41). In addition, there are alternative sites for the
downtown termini in San Francisco and Oakland, which are presented.

Exhibit 3-39
Bay Area - Altamont Access

Exhibit 3-40
Bay Area via Altamont Evaluation - VHS/Maglev

The evaluation of the peninsula and east bay corridors
as accessed by the Altamont Pass is presented in Ex-
hibit 3-40 for VHS and Meglev.  The capital cost pre-
sented in these figures is the cost from Newark to down-
town San Francisco (Transbay Terminal) or from New-
ark to West Oakland.  The evaluation of the alterna-
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Exhibit 3-42
Bay Area via Pacheco Evaluation - VHS/Maglevtives for the Bay Area if accessed by the Pacheco Pass

is presented in Exhibit 3-42.  The capital costs are pre-
sented from San Jose to the Transbay Terminal and
from San Jose to West Oakland.  Key constraints and
issues for peninsula versus east bay corridors are sum-
marized in Exhibit 3-43.

Exhibit 3-43
Bay Area - Key Constraints/Issues

Exhibit 3-41
Bay Area Pacheco Access
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East Bay
The alignment through the East Bay area follows the
UP Mulford line.  The HSR tracks would be constructed
at-grade and adjacent to the existing tracks wherever
possible. There is relatively less development (com-
mercial and industrial users) along the East Bay (Ex-
hibit 3-45 and 3-46), which makes it possible to keep
the HSR tracks at-grade until reaching downtown Oak-
land (Exhibit 3-44).  The dense development in down-
town Oakland along Jack London Square necessitates
placing the HSR tracks in tunnel, since the visual im-
pacts of an elevated guideway are considered unac-
ceptable due to the historic value of this area.

Exhibit 3-46
East Bay UP Mulford Line

Exhibit 3-44
Bay Area  Profile Characteristics

Exhibit 3-45
East Bay UP Mulford Line
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While the overall environmental impacts of this corri-
dor are not as severe as the Peninsula corridor, the
impacts would still
be substantial.
Environmental is-
sues associated
with this corridor
include visual
quality, historic
properties, parks
and recreation ar-
eas, and hazard-
ous materials/
waste sites.  This
corridor has the
potential to affect
low-income popu-
lations in San
Carlos, San Lazerno, and Oakland and minority popu-
lations in San Jose, Milpitas, Hayward, San Leandro,
and Oakland.  There also are numerous water cross-
ings associated with this corridor, as well as impacts
to threatened and endangered species including the
salt-marsh harvest mouse.

Peninsula
The peninsula corridor is heavily constrained by com-
mercial and residential development and availability
right of way (Exhibit 3-47 and 3-48).  The existing
Caltrain corridor ends at 4th and Townsend in San Fran-
cisco.  If the HSR line terminus is at the Transbay Ter-
minal, extremely dense development in Downtown re-
quires the use of a tunnel extending from the existing
terminus.  Included in the cost of the peninsula corri-
dor is the construction of a new San Francisco Bay
crossing.  The east bay alignment is shorter than the

peninsula alignment, which leads to faster travel times.  Due to the length and
less development, the capital cost for the east bay corridor is lower as well.

However, San Francisco is more often the destination
for HSR passengers.  Therefore, an Oakland terminus
without service to the peninsula results in lower rider-
ship and revenue.  The potential for serving both sides
of the bay was not addressed for the Altamont Pass ac-
cess because this would require operating three
branches, which is too great a negative impact on ser-
vice.

As stated above, the environmental impacts of this corri-
dor would be greater than the East Bay corridor.  This is
mainly due to the dense development up the peninsula.
HSR improvements within this corridor may potentially af-
fect low-income populations in San Mateo and San Fran-
cisco, and minority populations in San Jose, Mountain
View, Palo Alto, Millbrae, San Bruno and San Francisco.

There are many his-
toric properties ad-
jacent to this corri-
dor including many
in downtown San
Francisco.  Given
the density of de-
velopment and ad-
jacent scenic re-
sources, visual im-
pacts would be sig-
nificant.  Other is-
sues associated
with this corridor in-
clude threatened
and endangered

species including the California tiger salamander; hazardous materials/waste sites;
and parks and recreational resources.

Exhibit 3-47
Caltrain Corridor - South of SFO

Exhibit 3-48
Caltrain Corridor -
South of San Francisco

C000345



Chapter III - Corridor Evaluation III - 37

Both Peninsula and East Bay Corridors
The potential for serving both sides of the bay is also
addressed for the Pacheco Pass assess(Exhibit 3-42).
If service were offered to both the east bay and the
peninsula, every train would still serve San Jose but
the frequency of service to the two termini would be
diminished.  As a result, the ridership and revenue for
serving both termini is only slightly higher than if ser-
vice is only offered to the peninsula.  The forecasted
ridership and revenue are higher for the Pacheco Pass
alternative than for the Altamont Pass access.  This is
the result of faster travel times to San Jose and im-
proved frequency of service to San Jose and to the
termini, either San Francisco or Oakland.

Exhibit 3-49
Bay Area Terminus Options
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Exhibit 3-50
Bay Area Terminus Options Evaluation

VHS/Maglev

Terminus at Interface with Regional
Transportation System
Several specific scenarios (Exhibit 3-49 and 3-51) for
terminating the HSR line before the urban centers are
presented in (Exhibit 3-50 and 3-52).  The first of these
options is to place the terminus at 4th and Townsend in
San Francisco, the current Caltrain terminus and con-
nect with existing bus transit and MUNI light rail transit
services.  This saves approximately $270 million and
only decreases ridership and revenue slightly.  This
also eliminates the need for tunneling under downtown
San Francisco to reach the Transbay terminal. The sec-

ond option is to place the HSR terminus at the SFO station, which would allow
HSR passengers to connect to either air transportation or to Caltrain and BART.
Other options for terminal locations included San Jose and Pleasanton.

For the east bay, terminus options include the Lake Merritt BART Station and the
Oakland airport.  The Lake Merritt option saves over $420 million and eliminates
the need to tunnel under Jack London Square.  HSR passengers could transfer
to the BART system to reach other Bay Area destinations.  Terminating the HSR
line at Oakland airport saves over $920 million in capital costs while passengers
will be able to transfer to the airport or BART system.
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Exhibit 3-52
Bay Area Terminus Options (East Bay)

Evaluation - VHS/Maglev

Exhibit 3-51
Bay Area Terminus Options (East Bay)
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IV - Overall Corridor Comparison
Exhibit 4-1

Staff Recommended Corridor Map Based on the regional analyses, three statewide align-
ments were developed according to the recommen-
dations of the Authority and Authority staff.   These
corridors utilize the various regional segments to cre-
ate a system serving all of the state�s major population
centers.  Each of the three alternatives are described
below in terms of alignment and compared in terms of
capital and operating cost and travel times similarly to
the regional alternatives.

4.1  Alternative Defintion

Staff Recommended Corridor
The Staff Recommended Corridor (Exhibit 4-1) utilizes
an incrementally improved LOSSAN corridor to con-
nect Los Angeles and San Diego, the Riverside Termi-
nus Branch to serve the Inland Empire and the Grape-
vine Pass alternative to cross the Tehachapi Mountains.
Through the Central Valley, this option uses the West
99 corridor with the Pacheco Pass corridor to connect
the Central Valley with the Bay Area.  In the Bay Area,
only the Peninsula alternative is used with a San Fran-
cisco terminus at 4th and Townsend.  Finally, a branch
extends the beginning of the Pacheco branch line
(south of Merced) along the West of 99 corridor alter-
native to Modesto and then to the east of SR 99 through
Stockton to Sacramento.

Since the LOSSAN corridor is proposed in this alter-
native to be incrementally improved as a rail corridor,
the use of Maglev technology or any other portion of
this alternative would require a transfer at Union Sta-
tion for service to San Diego.
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Authority Option A
To the south, the Inland Corridor connects Los Ange-
les and San Diego, with the San Diego terminus at
Qualcomm Stadium (Exhibit 4-2).  This option there-
fore serves the Inland Empire but does not serve Or-
ange County.  The Antelope Valley/Mojave Pass alter-
native is utilized for the Tehachapi crossing.  For the
Central Valley and Northern California regions, this
option is the same as the Staff Recommended Corri-
dor.

Authority Option B
This corridor is the same as the Authority Option A
(Exhibit 4-2) corridor with the exception of the Teh-
achapi Mountain crossing.  Authority Option B utilizes
the Grapevine Pass rather than the Antelope Valley
alternative.

Exhibit 4-2
Authority Recommended Corridors Map
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1.0 Introduction 

1.1 OVERVIEW 
The California High-Speed Rail Authority (CHSRA) and the Metropolitan 
Transportation Commission (MTC) are developing an innovative statewide 
model to support evaluation of high-speed rail alternatives in the State of 
California.  This statewide model will also support future planning activities of 
the California Department of Transportation (Caltrans).  The approach to this 
statewide model explicitly recognizes the unique characteristics of intraregional 
travel demand and interregional travel demand.  As a result, interregional travel 
models capture behavior important to longer-distance travel, such as induced 
trips, business and commute decisions, recreational travel, attributes of destina-
tions, reliability of travel, party size, and access and egress modal options.  
Intraregional travel models rely on local highway and transit characteristics and 
behavior associated with shorter-distance trips (such as commuting and shopping). 

The project objectives were to develop a new ridership forecasting model that 
would serve a variety of planning and operational purposes: 

• To evaluate high-speed rail ridership and revenue on a statewide basis; 

• To evaluate potential alternative alignments for high-speed rail into and out 
of the San Francisco Bay Area; and 

• To provide a foundation for other statewide planning purposes and for 
regional agencies to better understand interregional travel. 

The core model design feature is the recognition that interregional and urban 
area travel is distinct and should be modeled separately to capture these distinc-
tions accurately.  This led to our approach to develop separate, but integrated, 
interregional and intraregional models.  There are two primary reasons for 
developing separate models for interregional and urban area travel:  first, the trip 
purposes are different and second, the interregional travel models need to 
explicitly estimate induced demand.  These models are applied to both peak and 
off-peak conditions for an average weekday.  Weekend travel demand and 
annual ridership estimates are developed using annualization factors developed 
from observed data on high-speed rail systems around the world. 

1.2 CONTENTS OF THE REPORT AND RELATED 
REPORTS 
This executive summary is an overview of the full project, but the details of the 
work conducted are documented in separate task reports.  All relevant reports 
are detailed below. 
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• Bay Area/California High-Speed Rail Ridership and Revenue Forecasting Study 
Findings from the First Peer Review Panel Meeting, Cambridge Systematics, Inc., 
July 2005. 

• Bay Area/California High-Speed Rail Ridership and Revenue Forecasting Study 
Findings from the Second Peer Review Panel Meeting, Cambridge Systematics, 
Inc., July 2006. 

• Bay Area/California High-Speed Rail Ridership and Revenue Forecasting Study 
Model Design, Data Collection, and Performance Measures, Cambridge 
Systematics, Inc.; with Citilabs; Corey, Canapary & Galanis; HLB Decision 
Economics; Mark Bradley Research and Consulting; and SYSTRA Consulting, 
May 2005. 

• Metropolitan Transportation Commission High-Speed Rail Study, Overview and 
Documentation of Surveys (Air/Rail/Auto Trips), Corey, Canapary & Galanis, 
December 2005. 

• Bay Area/California High-Speed Rail Ridership and Revenue Forecasting Study 
Socioeconomic Data, Transportation Supply, and Base Year Travel Patterns Data, 
Cambridge Systematics, Inc., December 2005. 

• Bay Area/California High-Speed Rail Ridership and Revenue Forecasting Study 
Interregional Model System Development, Cambridge Systematics, Inc., with 
Mark Bradley Research & Consulting, August 2006. 

• Bay Area/California High-Speed Rail Ridership and Revenue Forecasting Study 
Statewide Model Networks, Cambridge Systematics, Inc., July 2007. 

• Bay Area/California High-Speed Rail Ridership and Revenue Forecasting Study 
Statewide Model Validation, Cambridge Systematics, Inc., March 2007. 

• Bay Area/California High-Speed Rail Ridership and Revenue Forecasting Study 
Levels of Service Assumptions and Forecast Alternatives, Cambridge Systematics, 
Inc., with SYSTRA Consulting, Inc.; and Citilabs, August 2006. 

• Bay Area/California High-Speed Rail Ridership and Revenue Forecasting Study 
Ridership and Revenue Forecasts, Cambridge Systematics, Inc., July 2007. 

These reports are available from the MTC or the CHSRA1. 

There are nine sections in this report: 

1. The introduction; 

2. An overview of the model system; 

3. A summary of the data collection; 

4. Descriptions of the modal networks; 

                                                      
1 http://www.cahighspeedrail.ca.gov/ridership/. 
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5. An overview of the model development by component, along with model 
validation and the 2030 no project forecasts; 

6. Forecast assumptions by mode; 

7. Ridership and revenue forecasts; 

8. Peer review panel; and 

9. A final summary of the forecasting process and potential model improve-
ments, along with acknowledgments for the work. 

Data sources include travel surveys, ridership counts, and traffic volumes.  
Model components include trip frequency, destination choice, mode choice, and 
trip assignment models. 
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2.0 Model System Overview 
The Bay Area/California High-Speed Rail Ridership and Revenue Forecasting 
Study includes the following components: 

• Intraregional travel, 

• Interregional travel, 

• External travel, and 

• Trip assignment. 

Intraregional trips include all trips with both ends in one of the 14 regions in the 
State, as shown in Figure 2.1.  The intraregional trips for the San Francisco and 
Los Angeles metropolitan regions are developed by integrating their regional 
travel forecasting models with new mode choice models that identify potential 
high-speed rail riders.  In addition, high-speed rail riders were estimated for the 
San Diego region using existing and previous forecasting data sources.  The 
metropolitan planning organizations (MPO) representing these areas are the 
MTC, the San Diego Association of Governments (SANDAG), and the Southern 
California Association of Governments (SCAG).  None of the other California 
regions have more than one proposed high-speed rail station and do not gener-
ate intraregional high-speed rail trips, so mode choice models for these regions 
were not necessary.  Instead, intraregional auto trips were estimated from the 
Caltrans Statewide Model2 and included in auto assignments to accurately reflect 
congestion for these other regions. 

Interregional trips include all trips with both ends in California and whose ori-
gin and destination are in different regions (shown in Figure 2.1).  These interre-
gional trips were estimated using a new set of estimated models, derived from 
survey data collected for this study combined with other relevant survey data 
sources.  The model estimates all interregional trips by purpose and length, 
identifies which region the interregional trips will be going to, and then esti-
mates which access, egress, and line-haul mode the interregional trip will use. 

External trips include trips with one end outside California and one end in an 
urban area with a proposed high-speed rail station.  External auto trips were 
included in auto assignments to accurately reflect the congestion caused by these 
external trips, but air and rail trips were not included explicitly. 

                                                      
2 California Department of Transportation and Dowling Associates, Inc., California 

Statewide Model Description, January 20, 2004. 
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Figure  2.1 California Urban Areas and High-Speed Rail Station Locations 

 
 

We recognize that some intraregional trips may be longer than some interre-
gional trips by this definition and vice-versa.  However, these definitions do 
clearly fit in with regional and statewide planning definitions, and do identify 
most interregional trips as those that begin or end outside an urban area.  One 
example of an anomaly is a trip from Modesto to San Jose (defined as an interre-
gional trip), which is similar in distance to a trip from Palmdale to Los Angeles 
(defined as an intraregional trip).  Even taking these anomalies into considera-
tion, there was consensus that the definition of intraregional and interregional 
trips fits well with most trips in the system, and that the models proposed for 
each would adequately address the behavioral nature of each trip type.  In addi-
tion, as discussed below, we have segmented the interregional trips into short 
trips (less than 100 miles) and long trips (longer than 100 miles) to help address 
this issue. 
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Trip assignment includes the merging of the intraregional, interregional, and 
external trips into modal trip tables that are assigned to highway, rail, and air 
networks.  These assignments were validated in the base year and forecast year 
to evaluate reasonableness and accuracy compared to observed data sources.  
The model base year is 2000 and the forecast year is 2030.  The California interre-
gional models explicitly model peak and off-peak travel for both intraregional 
and interregional trip movements. 

The integrated modeling process for the development of the statewide model is 
presented in Figure 2.2.  This process shows that the accessibility of the system 
(represented by travel time) is included in the mode choice models and in the 
interregional trip frequency and destination choice models.  This feature allows 
us to estimate the induced travel for the interregional travel market. 

Figure  2.2 Integrated Modeling Process 
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There are 14 regions established in the State that define interregional and 
intraregional travel.  An interregional trip is any trip that terminates in a differ-
ent region that it started in.  Accordingly, an intraregional trip terminates in the 
same region that it began.  Interregional models estimate trip frequency, destina-
tion choice, and mode choice stratified by trip purpose (business, commute, rec-
reation, and other), as well as by distance (trips greater than or less than 
100 miles) and by trip type (trips made by residents of the four largest cities in 
California versus other trips).  The interregional trip frequency models allow 
estimate induced travel based on improved accessibilities due to high-speed rail 
options.  Intraregional models are based on trip tables generated from the MPO 
models and estimate mode choice of urban area trips.  These mode choice models 
reflect local urban area highway and transit systems, as well as options for high-
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speed rail within the region.  Intraregional travel is stratified by trip purpose 
(work, school, college, other, and nonhome-based). 

The interregional and intraregional area models are based on travel survey data 
collected for these purposes.  These are further described below. 

2.1 INTERREGIONAL MODELS 
The interregional models are comprised of four sets of models:  trip frequency, 
destination choice, main mode choice, and access/egress mode choice.  The 
structure and contents of the interregional modeling system is presented in 
Figure 2.3. 

Figure  2.3 Interregional Model Structure 
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The trip frequency model component predicts the number of interregional trips 
that individuals in a household will make based on the household’s characteris-
tics and location.  The destination choice model component predicts the destina-
tions of the trips generated in the trip frequency component based on zonal 
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characteristics and travel impedances.  The mode choice components predict the 
modes that the travelers would choose based on the mode service levels and 
characteristics of the travelers and trips.  The mode choice models include a main 
mode choice, where the primary interregional mode is selected; and 
access/egress components, where the modes of access and egress for the air and 
rail trips are selected. 

Because of the way that the model components were linked, model development 
occurs in the reverse order of model application: 

• Access and egress mode choice models determine choice of mode to and 
from airports, conventional rail stations, and high-speed rail stations.  The 
available modes include drive and park, picked up/dropped off, rental car, 
taxi, transit, and walk.  These were based on the actual and hypothetical 
access and egress modes reported in the stated-preference (SP) surveys – 
either four or six observations per respondent. 

• Main mode choice models choose the main, line-haul mode, from among 
car, air, conventional rail, and high-speed rail.  This is based on the four 
hypothetical SP responses for each respondent in the SP surveys.  This model 
uses information from the access and egress mode choice component for each 
mode (except car). 

• Destination choice models pick the destination zone outside the region.  The 
model is segmented for destinations within and beyond 100 miles, and the 
alternatives are all traffic analysis zones (TAZ) applicable for the distance 
segments.  For the long-distance model, we use a two-stage structure of pre-
dicting “macro-zone” and then TAZ, because that seems to be more behav-
iorally realistic.  The model input data are a mix of trips from the statewide 
survey and the SP survey.  The models use information from the mode choice 
model components, calculated for each TAZ as the key measure of imped-
ance between zones. 

• Trip frequency models establish the number of interregional trips made 
during a person-day (0, 1, or 2) for a given purpose/distance segment.  The 
California Statewide survey diary-days are the data source.  The models use 
information from the destination choice model component calculated across 
all possible TAZs as a measure of zone accessibility. 

The market segmentations used for the models are: 

• Purpose: 

- Business; 

- Commute; 

- Recreation; and 

- Other. 
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• Distance range/residence area type: 

- Less than 100 miles, from large MPO regions; 

- Less than 100 miles, from small MPO regions; and 

- More than 100 miles. 

• Household size – 1 person, 2 people, 3 people, and more than 4 people. 

• Household income range – Low, medium, and high. 

• Household auto-ownership – 0, 1, and 2+. 

• Household number of workers – No worker, 1 worker, and 2+ workers. 

• Party size:  Traveling alone, and traveling with others. 

The distance ranges of less than or greater than 100 miles were determined by 
reviewing the trip length distributions from the surveys and applying judgment 
about behavior for short versus long trips.  Party size is a segmentation variable 
primarily for the recreation and other segments, because it has a large effect on 
the travel cost of the car mode versus the other modes, and thus on the choices 
throughout the model chain. 

These market segments vary by model component to take advantage of addi-
tional detail in some areas or aggregation of market segments in other areas.  The 
market segments in each model component are presented in Figure 2.4 and are 
described further in the report, Bay Area/California High-Speed Rail Ridership and 
Revenue Forecasting Study Interregional Model System Development. 
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Figure  2.4 Market Segments in Each Model 
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The trip frequency, destination choice, and mode choice models all use accessi-
bility or impedance measures as inputs to the logit choice equations.  For each 
model component, these measures were calculated from subsequent model com-
ponents and as a result, were not available during the initial model estimation.  
So, for each model component, a substitute accessibility or impedance measure 
was calculated to use for initial model estimation, and then replaced with the 
actual measure.  These linkages are presented in Figure 2.5. 

Figure  2.5 Model Component Linkages 
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2.2 INTRAREGIONAL MODELS 
Intraregional models were used to forecast high-speed rail trips with both ends 
within a region that has more than one proposed high-speed rail station.  These 
areas are the San Francisco Bay Area, Greater Los Angeles, and San Diego 
regions.  In addition, intraregional auto trips were estimated and included in 
auto assignments for all 14 regions in the State. 

Regional travel forecasting models for the San Francisco and Los Angeles regions 
were modified to forecast intraregional high-speed rail trips for these areas.  The 
market segments for intraregional travel include typical trip purposes, such as 
home-based work, school, university, shopping, social-recreational, and other 
trips, as well as work- and nonwork-related nonhome-based trips.  Due to the 
small amount of potential for high-speed rail trips wholly contained within the 
San Diego region, these were estimated based on expected high-speed rail trips 
per person rather than by applying the local regional travel model. 

To model intraregional trips, we relied on the trip generation and distribution 
models in each of the urban areas and modified existing mode choice models.  
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The urban mode choice models include a variety of transit modes, but not spe-
cifically a high-speed rail mode in any model.  San Francisco urban mode choice 
models were modified to insert a high-speed rail mode based on coefficients and 
constants from the commuter rail mode.  Following is a brief description of the 
model implementation for each of the urban areas: 

• San Francisco Bay Area – The MTC regional model was enhanced to include 
transit submodes (San Francisco Bay Area Rapid Transit District (BART), 
commuter rail, light rail, ferry, local bus, and express bus) in the mode choice 
model.  This allowed for easier inclusion of the high-speed rail mode in the 
model.  The new mode choice model was validated at the regional level to 
match observed ridership numbers by mode, purpose, and time period. 

• Los Angeles Region – The SCAG region was modeled using an adaptation of 
the MTC mode choice model combined with SCAG networks and modes 
(urban rail, commuter rail, local bus, express bus, and high-speed rail).  This 
new mode choice model was validated at the regional level to match 
observed ridership numbers by mode, purpose, and time period. 

Intraregional trip tables by mode and time period from the MTC and SCAG met-
ropolitan areas were added to the interregional trips for the assignment. 
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3.0 Data Collection 
There were three types of data compiled for the study:  travel surveys, socioeco-
nomic data, and base year travel patterns. 

3.1 TRAVEL SURVEYS 
The travel survey data used for this project was a combination of new surveys 
collected for the project and existing surveys from regional and state agencies.  
There were three surveys available from MPOs around the State (SCAG, MTC, 
and Sacramento Association of Governments (SACOG)), and there was a 
Caltrans statewide survey available.  The interregional models were based on 
revealed- and stated-preference surveys, collected specifically for this study, of 
air and rail travelers, as well as additional households in the State to capture auto 
travelers.  These new data were collected in 14 regions in California.  These were 
combined with revealed-preference surveys of households across the State col-
lected by Caltrans and interregional travel extracted from the MPO regional 
travel surveys (San Francisco, Sacramento, and Los Angeles).  Intraregional 
mode choice models were based on urban area travel surveys in combination 
with a stated-preference survey for high-speed rail conducted in Los Angeles.  
By combining the various available data sources, we were able to provide more 
robust datasets for model estimation than was otherwise possible.  After com-
bining these surveys, 6,882 completed surveys were available to use for model 
estimation, as shown in Table 3.1.  There were different estimation datasets used 
for each model component, depending on the requirements for the model.  This 
is described in more detail in the Interregional Model System Development Report 
(Cambridge Systematics, Inc., 2006). 

Table  3.1 Total of All Survey Interregional Trips by Mode, Distance, 
and Purpose 

 Drive Air Rail Bus Other Total 
Long Trips       
Business 314 620 27 18 17 996 
Commute 263 15 9 1 74 362 
Recreation 1114 228 80 3 23 1448 
Other 365 85 17 8 91 566 
Short Trips       
Business 381 14 48 3 15 461 
Commute 1136 0 168 9 108 1421 
Recreation 873 2 29 3 52 959 
Short Other 591 1 10 23 44 669 
Total 5,037 965 388 68 424 6,882 
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3.2 SOCIOECONOMIC DATA 
The core drivers of demand for interregional travel in California are the socio-
economic characteristics of Californians and the State’s economic and employ-
ment picture.  The relevant sources of current year data and 2030 socioeconomic 
projections are: 

• Decennial Census data products, specifically the Census Transportation 
Planning Package (CTPP) and the Summary Tape File (STF) 1; 

• Local agency socioeconomic estimates and projections, such as those devel-
oped and updated by the Association of Bay Area Governments (ABAG), 
SCAG, SANDAG, and SACOG; and 

• State Department of Finance (DOF) and Caltrans projections. 

To the extent that commercial sources and state employment data are used to 
develop the local agency socioeconomic estimates and projections, they were 
included, but these were not evaluated and incorporated separately for this 
study because there is a desire to remain consistent with current local agency 
forecasts. 

At the heart of any travel forecast is the growth in population and employment.  
Since the California statewide model is based on households, we present growth 
based on households and employment in Table 3.2.  This table shows that the 
three largest urban areas (SANDAG, MTC, and SCAG) are growing slower than 
the average, which is intuitive since these areas are more saturated than other 
parts of the State. 
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Table  3.2 Socioeconomic Forecasts from 2000 to 2030 by Region 
Households Employment 

 2000 2030 
Percent 
Increase 2000 2030 

Percent 
Increase 

AMBAG 226,349 395,421 75% 286,937 436,369 52% 

Central Coast 227,200 401,234 77% 278,494 450,493 62% 

Far North 376,965 627,175 66% 335,737 522,011 55% 

Fresno / Madera 287,110 548,198 91% 365,397 678,786 86% 

Kern 207,413 465,913 125% 242,283 707,966 192% 

South SJ Valley 144,050 271,240 88% 170,813 336,868 97% 

Merced 63,225 125,328 98% 63,403 130,516 106% 

SACOG 571,978 817,389 43% 946,259 1,469,041 55% 

SANDAG 988,205 1,305,990 32% 1,168,880 1,875,810 60% 

San Joaquin 180,276 341,230 89% 202,498 345,819 71% 

Stanislaus 143,942 311,488 116% 159,900 354,453 122% 

W. Sierra Nevada 68,929 110,703 61% 55,358 99,057 79% 

MTC 2,465,287 3,088,370 25% 3,753,533 5,120,598 36% 

SCAG 5,631,180 7,623,778 35% 7,393,491 10,740,549 45% 

Total 11,582,109 16,433,457 42% 15,422,983 23,268,336 51% 
 

3.3 BASE YEAR TRAVEL PATTERNS 
Travel surveys were combined to create a comprehensive set of data for use in 
calibrating the trip frequency, destination choice, and mode choice models.  The 
following surveys were used for each of the interregional trip purposes: 

• The American Traveler Survey (ATS)3 was used to validate the business, rec-
reation, and other long-trip purposes.  The ATS, developed and conducted by 
the Bureau of Transportation Statistics (BTS) in 1995, obtained information 
about long-distance travel of persons living in the United States.  The infor-
mation was used to identify characteristics of current use of the nation’s 
transportation system, forecast future demand, analyze alternatives for 
investment in and development of the system, and assess the effects of 

                                                      
3 U.S. Department of Transportation Bureau of Transportation Statistics, 1995 American 

Traveler Survey, Technical Documentation, 
http://www.bts.gov/publications/1995_american_travel_survey/index.html. 
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Federal legislation and Federal and state regulations on the transportation 
system and its use. 

• The Census Transportation Planning Package (CTPP)4 was used to validate 
the commute for long- and short-trip purposes.  CTPP is a set of special 
tabulations from the decennial census designed for transportation planners.  
CTPP contains tabulations by place of residence, place of work, and for flows 
between home and work.  CTPP is a cooperative effort sponsored by the state 
Departments of Transportation (DOT) under a pooled funding arrangement 
with the American Association of State Highway and Transportation 
Officials (AASHTO).  The data are tabulated from answers to the Census 
2000 long-form questionnaire mailed to one in six U.S. households.  Because 
of the large sample size, the data are reliable and accurate.  CTPP provides 
comprehensive and cost-effective data, in a standard format, across the 
United States. 

• The California Statewide Travel Survey5 was used to validate the business, 
recreation and other short trip purposes.  The California Statewide Travel 
Survey was conducted in 2000 to 2001 for weekday travel.  This survey was 
an activity-based survey and included all in-home activities and travel com-
pleted in accessing activity locations over a 24-hour period.  The survey of 
17,040 households was conducted in each of the 58 counties throughout the 
State.  The survey reported 8.6 total trips per household. 

The datasets were summarized by major market (based on city-to-city trip 
movements), because this was a focus of the model validation effort.  Table 3.3 
presents the validation dataset for the long-interregional trips, and Table 3.4 pre-
sents the validation dataset for the short-interregional trips. 

                                                      
4 U.S. Department of Transportation, Federal Highway Administration, Census 

Transportation Planning Package, September 11, 2006, 
http://www.fhwa.dot.gov/ctpp/. 

5 State of California, Department of Transportation, Division of Transportation System 
Information, Office of Travel Forecasting and Analysis, Statewide Travel Analysis 
Branch, 2000-2001 California Statewide Travel Survey Weekday Travel Report, June 2003. 
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Table  3.3 2000 Average Daily Interregional Trips Over 100 Miles (Long) 
Source  CTPP American Traveler Survey 

Trip Purpose  Commute Business Recreation Other Total 

Market      

LA to Sacramento 5,103 5,169 7,127 1,467 18,866 
LA to San Diego 29,665 10,313 61,763 13,567 115,308 
LA to SF 22,124 17,356 44,108 6,787 90,375 
Sacramento to SF 16,986 5,645 21,443 7,306 51,380 
Sacramento to San Diego 886 1,227 1,227 218 3,558 
San Diego to SF 4,840 5,966 16,443 2,258 29,507 
LA/SF to SJV 53,741 4,396 19,777 5,690 83,604 
Other to SJV 10,950 12,538 12,886 4,725 41,099 
To/from Monterey/ 
Central Coast 

28,809 8,271 19,829 6,796 63,705 

To/from Far North 16,982 3,129 12,359 2,366 34,836 
To/from W. Sierra Nevada 9,730 531 7,528 1,510 19,299 
Total 199,817 74,540 224,491 52,691 551,539 

 

Table  3.4 2000 Average Daily Interregional Trips Under 100 Miles (Short) 
Source  CTPP Caltrans Travel Survey 

Trip Purpose  Commute Business Recreation Other Total 

Market      

LA to Sacramento 0 0 0 0 0 
LA to San Diego 69,728 19,244 42,340 27,512 158,824 
LA to SF 0 0 0 0 0 
Sacramento to SF 37,192 17,805 17,383 12,394 84,774 
Sacramento to San Diego 0 0 0 0 0 
San Diego to SF 0 0 0 0 0 
LA/SF to SJV 77,112 11,769 16,565 25,518 130,964 
Other to SJV 128,792 20,223 24,382 8,341 181,738 
To/from Monterey/ 
Central Coast 

96,448 16,351 44,784 67,024 224,607 

To/from Far North 36,658 15,626 47,494 89,480 189,258 
To/from W. Sierra Nevada 17,672 2,421 10,566 6,840 37,499 
Total 463,603 103,439 203,514 237,108 1,007,664 
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Air passenger data was acquired from the U.S. DOT Federal Aviation 
Administration (FAA) origin-destination (O&D) 10-percent sample database.  
This includes actual ticket information for 10 percent of the tickets collected by 
large air carriers.  While the 10-percent ticket sample data represent a robust data 
of air fares and travel times, these data are subject to sampling error.  In addition, 
the O&D databases generally do not include tickets for passengers with itinerar-
ies that begin on airlines classified by the FAA as “Small Certificated Air Carriers,” 
those airlines who do not fly any planes with more than 60 seats. 

Rail passenger data were obtained from interregional rail operators in California 
and from MPOs in the State for intraregional area rail travel.  The data have been 
aggregated for each urban area and for each interregional rail market.  The allo-
cation of rail boardings to interregional and intraregional for the San Francisco 
Bay Area is based on estimates provided by the MTC. 

Highway traffic counts were obtained primarily from the Caltrans traffic count 
database and from the MTC and SCAG traffic count databases.  Sacramento and 
San Diego urban area traffic count databases were not required since the Caltrans 
traffic count data has sufficient locations in these regions, and because the net-
works were largely compatible with the Caltrans database rather than the MPO 
databases. 
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4.0 Existing Modal Services 
The base year service levels were used in model calibration/validation, and fore-
cast year service levels were used in model application to evaluate alternative 
scenarios.  The primary sources of this supply information were the California 
Statewide Travel Demand Model6, which includes both highway, and public 
mode transportation networks (base and forecast), the regional travel demand 
models, and the base year published timetables and fare tables for public modes. 

The Statewide Model and the MTC, SCAG, SANDAG, and SACOG demand 
models were used to develop base year and forecast year highway networks that 
reflect congested travel times by time of day.  The Statewide Model is the pri-
mary source of the intercity highway network, and we retained that model’s 
zone system for most of the state geography.  Where the Statewide Model over-
laps with one of the large regional model systems, we added detail from the 
regional models. 

We also updated the Statewide Model’s public mode networks using airline 
schedule and fare information from the Official Airline Guide, the airline web 
sites, and the U.S. DOT’s T-100 reports.  We assembled intercity rail schedules 
and fares from Amtrak and other rail operators in the corridor.  We used the 
regional models to develop base year and forecast year intraregional transit net-
works for the new zone system. 

4.1 AIR SERVICE 
Base and future year air networks included 18 airports within California that 
offer significant commercial airline passenger service between California cities.  
Table 4.1 lists these airports and provides estimates of their numbers of annual 
passenger boardings for intrastate travel for the years 2000 and 2005.  Los 
Angeles International (LAX) is the busiest airport in California with more than 
2.6 million boardings in 2000; and Oakland International Airport (OAK) is the 
busiest California airport in 2005 with almost 2.6 million boardings.  The Long 
Beach Airport had almost no intrastate service in 2000, but JetBlue began signifi-
cant California operations at Long Beach Airport between 2000 and 2005, which 
significantly increased ridership at this Airport. 

                                                      
6 California Department of Transportation and Dowling Associates, Inc., California 

Statewide Model Description, January 20, 2004. 
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Table  4.1 Annual Intrastate Passengers for California Airports 
Annual Passengers 

Airport Airport Code 2000 2005 
Percent 
Change 

San Diego SAN 1,814,410 1,563,190 -14% 

Santa Ana SNA 1,259,160 1,141,630 -9% 

Long Beach LGB 130 231,380 18% 

Los Angeles LAX 2,648,790 1,723,580 -35% 

Ontario ONT 962,530 874,900 -9% 

Burbank BUR 1,230,590 1,045,620 -15% 

San Jose SJC 1,930,020 1,510,660 -22% 

San Francisco SFO 1,960,230 812,650 -59% 

Oakland OAK 2,341,300 2,593,880 11% 

Sacramento SMF 1,555,760 1,634,400 5% 

Palm Springs PSP 87,610 88,410 1% 

Oxnard OXR 5,310 2,060 -61% 

Santa Barbara SBA 84,560 22,310 -74% 

Bakersfield BFL 5,440 3,050 -44% 

Fresno FAT 25,790 22,850 -11% 

Monterey MRY 18,620 21,810 17% 

Arcata/Eureka ACV 29,440 37,000 26% 
Modesto MOD 5,920 3,300 -44% 

Total  15,965,610 13,332,680 -16% 
 

In addition to those listed, there were 17 other airports in California that offered 
scheduled air service, but did not provide significant intrastate service or pas-
sengers to warrant being included in the air network for this study.  These air-
ports include Crescent City (CEC), Chico Municipal (CIC), Carlsbad McClennan 
Palomar (CRQ), Imperial County (IPL), Inyokern (IYK), Merced Municipal 
(MCE), Palmdale (PMD), Redding Municipal (RDD), Riverside March (RIV), San 
Luis County Regional (SBP), Stockton Metropolitan (SCK), Santa Maria (SMX), 
Sonoma County (STS), Lake Tahoe (TVL), Victorville (VCV), Visalia (VIS), and 
Van Nuys (VNY). 

Fifty-seven airport-to-airport pairs had nonstop commercial intrastate air traffic 
for both 2000 and 2005.  Airport-to-airport pairs that required a connecting flight 
were not considered.  Air level of service information, including gate-to-gate 
travel time, fares, and reliability, are based on averages of the FAA data obtained 
from the 10-percent ticket sample, supplemented with Internet queries in August 
2006. 
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Figure  4.1 California Statewide Air Network 

  
 

4.2 HIGHWAY SUPPLY AND TRAFFIC COUNTS 
The representation of highway network supply is primarily determined by the 
level of detail in the highway network and the attributes associated with the 
roadway system, such as lanes, distances, speed, and capacity.  A brief summary 
of these networks is provided here. 

Beginning with the existing statewide highway network, detail was added using 
the following regional models: 

• MTC region – The entire highway network was incorporated into the model; 

• SCAG region – The entire highway network was incorporated into the 
model; 

• SANDAG region – Highway network was incorporated only within a five-
mile radius of the three proposed high-speed rail stations; 

• SACOG region – Highway network was incorporated only within a five-
mile radius of the proposed high-speed rail station; and 

• Kern County region – Highway network was incorporated only within a 
five-mile radius of the proposed high-speed rail station. 
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Figure 4.2 shows the highway network in CUBE software.  The new highway 
network includes 4,667 zones; 127,600 links; and 206,150 nodes. 

Figure  4.2 New Statewide Model Highway Network 

 
 

Roadway and area type classifications from the various regional models have 
been consolidated to eight functional classifications and three area types.  Speed 
and capacity definitions by functional class and area type are different for each 
regional model.  These values are based on local conditions in each region, and 
some minor modifications were made during model validation.  To take advan-
tage of the work done in each region, values from the individual models were 
kept intact instead of developing a new look-up table based on area type and 
functional class. 

Traffic counts were obtained from the Caltrans traffic count database.  It 
included detailed daily and hourly traffic counts from approximately 1,100 per-
manent count census station locations.  Two-way total daily traffic volumes were 
also input from the 2000 Caltrans Traffic Volumes for 75 locations on screenlines.  
These are displayed in Figure 4.3.  This traffic count data was also supplemented 
from the individual regional models.  These include the Los Angeles, Sacramento, 
San Francisco, San Diego and Kern county regions. 
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Figure  4.3 Caltrans Count Stations (Red) and Screenline Locations (Blue) 
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4.3 PASSENGER RAIL SERVICES 
Year 2000 passenger rail services consist of a variety of intraregional and interre-
gional services.  Passenger rail services were also subdivided by mode – metro 
rail (i.e., BART), conventional rail (both intercity and commuter services), and 
light rail.  These rail services for interregional travel are as follows. 

• The San Diego Region has two rail operators – San Diego Trolley (light rail) 
and the Coaster (conventional rail). 

• The SCAG region has metro, conventional, and light-rail services.  The Los 
Angeles Metropolitan Transportation Authority (MTA) operates metro and 
light-rail services.  The Southern California Regional Rail Authority (SCCRA) 
operates Metrolink conventional commuter rail services.  The MTA Rail sys-
tem is comprised of the Metro Blue, Green, Red, and Gold Lines.  The Metro 
Red Line subway operates between Union Station, the Mid-Wilshire area, 
Hollywood, and the San Fernando Valley.  The remaining light-rail lines are 
the Blue Line (Long Beach to Los Angeles), the Green Line (Norwalk to 
Redondo Beach), and the Gold Line (Los Angeles Union Station (LAUS) to 
Pasadena). 

• Within the MTC region, metro, convention and light-rail services are pro-
vided.  Services include BART, Caltrain, Muni Metro, and Santa Clara Valley 
Transportation Authority (VTA) light-rail systems.  In 2000, the BART system 
consisted of 39 stations serving four East Bay lines (Fremont, Dublin/
Pleasanton, Pittsburg/Bay Point, and Richmond), as well as the Daly City/
Colma line through San Francisco and the West Bay.  In 2002, BART service 
was extended south of Colma to San Francisco Airport and to Millbrae, and 
four new stations were added.  Caltrain currently operates 86 daily trains 
between San Jose and San Francisco, including three daily peak-period, peak 
direction round trips to Gilroy.  There are five light-rail (metro) lines that 
operate in the Market Street subway, three cable car routes, and the historic 
trolley line operating on Market Street.  Santa Clara light-rail lines were 
extended in 2000 to East San Jose (Alum Rock) and to Winchester (Vasona 
line). 

• The SACOG region’s rail services are limited to the Sacramento RT light-rail 
system.  Since 2000, two RT extensions have come on-line:  in 2003, the South 
Line extension was implemented.  This new extension resulted in RT running 
two lines for the first time.  More recently, the Folsom extension became 
operational.  The Folsom Line is an extension of the existing line that operates 
along the U.S. 50 corridor. 

Interregional rail services are all conventional rail systems.  These include the 
Capitol Corridor, Altamont Commuter Express (ACE), Surfliner, and the San 
Joaquin systems.  The intraregional and interregional rail services are shown in 
Figure 4.4 
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Figure  4.4 California Statewide Conventional Rail Network 
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Table 4.2 presents the conventional rail passenger boardings for the year 2000 by 
operator and route for both intraregional and interregional travel.  These data 
were developed from daily ridership estimates and annualized using 260 days 
per year for ACE (which only has weekday services), 300 days per year for all 
remaining intraregional services, and 335 days per year for all interregional 
services. 

Table  4.2 California Statewide Conventional Rail Passengers 
2000 Annual Passengers 

Operator/Route Market Served 
Total 

Boardings Intraregional Interregional 

Amtrak Capital Corridor  Sacramento to San 
Francisco 

1,070,500 300,000 770,500 

Amtrak Surfliner Santa Barbara to San 
Diego 

1,610,500 840,000 770,500 

Amtrak San Joaquin San Joaquin Valley to 
San Francisco 

703,350 30,000 673,350 

ACE Stockton to San Jose 806,000 182,000 624,000 

Coaster, San Diego 
Trolley 

San Diego region 29,220,000 29,220,000 0 

Metrolink, Metro Rail Los Angeles region 70,971,000 70,770,000 201,000 

BART, Caltrain, SF 
Muni, Santa Clara VTA 

San Francisco region 166,770,000 166,770,000 0 

Regional Transit LRT Sacramento region 11,280,000 11,280,000 0 

Total  282,431,350 279,392,000 3,039,350 
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5.0 Ridership Model 
Development 

5.1 INTERREGIONAL MODELS 
The interregional models are comprised of four sets of models:  trip frequency, 
destination choice, main mode choice, and access/egress mode choice.  The 
structure and contents of the interregional modeling system are presented in 
Figure 2.3.  The trip frequency model component predicts the number of interre-
gional trips that individuals in a household will make based on the household’s 
characteristics and location.  The destination choice model component predicts 
the destinations of the trips generated in the trip frequency component based on 
zonal characteristics and travel impedances.  The mode choice components pre-
dict the modes that the travelers would choose based on the mode service levels 
and characteristics of the travelers and trips.  The mode choice models include a 
main mode choice, where the primary interregional mode is selected; and 
access/egress components, where the modes of access and egress for the air and 
rail trips are selected.  These are described in more detail below. 

Trip Frequency 
We used a simple multinomial logit (MNL) model to predict interregional trip 
frequency.  Eight trip frequency models predict interregional person-trips per 
day, segmented by trip purpose (business, commute, recreation, and other) and 
length (over or under 100 miles).  The MNL formulation allows important 
explanatory variables, such as accessibility measures, to affect the propensity to 
make interregional trips.  In this case, the composite logsums from the destina-
tion choice model are fed back to the trip frequency model to account for travel 
that is induced due to the presence of high-speed rail (or any other new services).  
The trip frequency models are segmented by length to allow different model 
specifications and parameters for short and long trips.  For each model, the 
choice set for each person is zero, one, or two or more interregional trips per day.  
The final model specification constrains the variable coefficients of one-trip and 
two-trip choices to be equal, while allowing the alternative-specific constants for 
one- and two- trip choices to be estimated individually.  This overcomes some 
illogical individual variable coefficients for each market segment, but allows us 
to retain separate choices for interregional travel. 

Three types of variables were tested in the trip frequency models:  socioeco-
nomic, accessibility, and geographic region of residence.  Even though the trip 
frequency models are estimated at the person level, estimation variables were 
constrained to be at the household level to be consistent with existing future year 
socioeconomic predictions.  Socioeconomic variables that were tested in model 
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specifications include household size; household size greater than two dummy 
variable; number of household workers; zero-worker household dummy vari-
able; number of household vehicles; number of household vehicles is less than 
the number of household workers dummy variable; zero-vehicle household 
dummy variable; high household income (greater than $75,000); medium house-
hold income (between $35,0000 and $75,000); low household income (less than or 
equal to $35,000); and a missing income dummy variable for survey records with 
no income collected.  The missing income dummy variable is used during model 
estimation, but is not included in the final model specification for application. 

The estimation results follow an intuitive pattern.  More household workers 
increase one’s propensity to make interregional business and commute trips, but 
decrease one’s propensity to make interregional recreation and other trips.  The 
income coefficients indicate that as income increases, more interregional trips are 
taken.  Households with fewer cars than workers are less likely to have the 
resources to undertake interregional travel.  Three-person households are less 
likely to undertake interregional recreation and other trips, perhaps substituting 
this type activity closer to home. 

As discussed above, the trip frequency models include measures that capture the 
accessibility of all relevant travel opportunities from travelers’ home zones.  For 
each residence, we calculated three peak/work and three off-peak/nonwork 
accessibility measures for destinations in 1) their home region; 2) outside their 
region, within 100 miles of home; and 3) over 100 miles from home.  The final 
model specifications rely on synthesized accessibility measures (a weighted 
travel time) for the within home region destinations and on logsums calculated 
from the destination choice models for the remaining accessibility measures.  The 
synthesized accessibility measure is necessary within the home region since the 
urban area models are not destination choice models (they are gravity models), 
and are therefore not able to produce logsums for the destination choices within 
the region.  Logsums are a means to produce a weighted average of all potential 
destinations. 

A high calculated “regional accessibility” to jobs, goods, and services within 
one’s region of residence indicates less need to travel outside of the region.  
Therefore, as expected, this variable has a negative effect on all interregional 
travel.  Separate short (within 100 miles of residence and outside the residence 
region) and long (outside 100 miles of residence and outside the residence 
region) logsums were calculated to represent accessibility to goods and services 
outside of one’s home region.  A higher logsum outside a home region increases 
the likelihood that an interregional trip will be undertaken. 

Regional dummy variables for the MTC, SANDAG, SACOG, and SCAG regions 
are included to account for the different interregional trip-making patterns 
observed for residents of large, metropolitan areas compared to residents in the 
rest of California.  These were calibrated to match observed trips in these regions. 
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Destination Choice 
The destination choice models were estimated with a simple multinomial logit 
model structure using ALOGIT software.  The destination choice estimation 
dataset used the trip frequency dataset combined with the SP survey (used in the 
mode choice models) to increase the number of “long” (more than 100 miles) 
trips in the dataset (By nature, the household surveys are generally better at 
capturing the more typical “short” trips.).  Since the trip frequency models 
already differentiate between the two, we can use this information as a valuable 
input to the destination choice models.  This not only constrains an individual’s 
choice set based on destinations being greater or less than 100 miles, but it recog-
nizes that an individual may value different trip characteristics for different 
distance-categories of travel. 

The short-trip destination choice models used all four trip purposes modeled in 
the trip frequency step:  business, commute, recreation, and other.  Due to sam-
ple size considerations, only two aggregate trip purposes were estimated for the 
long-trip destination choice models:  business/commute and recreation/other. 

The models use multimodal composite logsums from the mode choice models.  
This variable measures the combined utility of all available modal choices and 
level of service characteristics.  All the destination choice models use a distance 
power series, including distance, distance-squared, and distance-cubed.  An area 
type is assigned to each destination zone:  rural, suburban, or urban.  The models 
use several interaction terms to capture whether travelers were starting and 
ending in the same area type:  rural to rural, suburban to suburban, and urban to 
urban. 

Similar to the area type interaction variables, the location type interaction vari-
ables relate where you want to go, to where you currently are, based on the loca-
tion of the origin and destination.  We tested four origin-destination location 
type interaction variables for all the “long” destination choice models:  Los 
Angeles to/from San Francisco, Sacramento to/from San Francisco, San 
Francisco to/from San Diego, and Sacramento to/from Los Angeles.  These were 
adjusted during model calibration to match observed travel.  Size functions 
measure the amount of activity that occurs at each destination zone, and incorpo-
rate this into the utility of alternative variables.  This variable is used in the des-
tination choice models to account for differences in zone sizes and employment 
levels.  Four size variables are used in these models:  retail employment, service 
employment, other employment, and households.  Other employment is used as 
the base size variable for business and commute trips and is constrained to 1.0, 
while retail and service are further segmented by household income levels – low, 
medium, high, and missing.  Households are used as the base size variable for 
recreation and other trips.  Income is used as a per person variable as an interac-
tion between employment and income to show that different income levels of the 
destination choices will affect the attractiveness of the zone for particular travel-
ers.  For commute trips, short and long, as income increases, retail employment 
has a bigger impact on destination choice than service employment. 
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The model estimation results of the destination choice models were reasonable.  
The distance power series of coefficients for these models are both decreasing 
functions as expected.  All other variables have the sign and size we expect, 
except for the coefficient of rural to rural for recreation/other trips, which is 
positive when we expect it to be negative, but it is not significantly different than 
zero. 

Mode Choice 
There were two types of mode choice models developed for this study:  access 
and egress models and main mode choice models.  Models were estimated to 
predict the access and egress modes to and from airports and rail stations.  The 
models were based on actual reported and hypothetical-stated data.  For people 
who were intercepted making actual air or rail journeys, the access and egress 
mode choices are the actual reported ones.  For people whose actual journey was 
by car, the air and conventional rail access/egress mode choices are hypothetical.  
Obviously, the high-speed rail access and egress mode choices are hypothetical 
for all respondents. 

For access, the majority of respondents reported either driving or parking at the 
station/airport or else getting dropped off.  For egress, the reported mode shares 
varied more by purpose and distance, with transit more popular for short trips, 
and rental car and taxi more popular for long trips and business trips.  In all 
there were six modes considered for each.  A nested structure was adopted, as 
shown in Figure 5.1.  The auto modes – drive and (un)park, pick up/drop off, 
and rental car – are all in separate nests, while taxi, transit (bus or light rail), and 
walk are nested together.  This nesting structure gave the most reasonable results 
for all purposes. 

Figure  5.1 Access and Egress Mode Choice Model Structure 

Drive/Park Drop Off Rental Car

Taxi Transit Walk/Bike

Access/Egress Mode

Didn’t Drive

 
 

The results of the access/egress mode choice models were within expectations.  
A reasonable value of time was asserted for each segment based upon a review 
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of other research.  As the survey was not designed primarily to estimate access 
and egress choice models, and the zone size is in a statewide model is quite large 
for this type of local choice, the fact that access and egress time and cost 
parameters had to be constrained is perhaps not surprising.  Also note that the 
costs of options, such as taxi and rental car and airport/station parking, are not 
readily obtained from network data.  Other results of note are: 

• The out-of-vehicle time coefficients were estimated for most segments, and 
result in ratios of out-of-vehicle time to in-vehicle time that are in the range of 
2.0 to 2.9. 

• The drop off and pick up alternatives have an additional negative in-vehicle 
time effect, capturing the disutility of the driver that has to make the round 
trip to the airport. 

• We did not include taxi cost explicitly, but did include an additional distance 
coefficient for taxi, which is significant and negative for most segments, typi-
cally with an equivalent value of over $1.00 per mile. 

• For most segments, transit is less likely to be chosen if there is no reasonable 
walk access to transit, meaning that a drive to transit path was included 
instead. 

• For most segments, transit, which can include rail and/or bus, is more likely 
to be chosen if rail is included in the best transit path. 

• For the long segments, taxi, parking, and rental cars are generally less desir-
able to rail stations than to airports, while transit is more desirable from rail 
stations.  Walking is very rare to or from airports, capturing accessibility 
effects that are not captured well in the zone system. 

• Drive-and-park access is less likely at the busiest airports – SFO, LAX, and 
SAN – and somewhat at SJC as well.  This may capture both cost and incon-
venience effects at those airports. 

• For most segments, those in larger households are more likely to be dropped 
off. 

• In general, high income favors rental car, taxi, and drive and park; and low 
income slightly favors transit in some segments. 

• There is a logsum coefficient less than 1.0 on the nest that includes transit, 
walk, and taxi.  Each of the other three alternatives is in its own “nest,” and 
scaled by the same logsum parameter to preserve equal scaling at the ele-
mental level. 

• The scale (the inverse of the residual error variance) for the hypothetical 
choices relative to the actual choices was significantly lower than 1.0 for most 
of the egress model segments.  This result indicates that many respondents 
have difficulty making an accurate assessment of mode choice options in less 
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familiar surroundings at the nonhome end of their trip, so that hypothetical 
choices should be weighted less in estimation than actual ones. 

The main mode choice models produce probabilities that each trip will choose 
one of the main modes (auto, air, conventional rail, and high-speed rail).  Several 
nesting structures were tested for the main mode choice models, and the final 
nesting structure chosen is shown in Figure 52 with all the nonauto modes in a 
single nest.  This structure provided the most logical and statistically sound 
nesting structure for the mode choice models. 

Figure  5.2 Main Mode Choice Model Structure 

Auto

Air Conventional 
Rail

High-Speed 
Rail

Main Mode

Non-Auto

 
 

The main mode choice models were based on SP survey data.  The overall choice 
shares in the SP data were around 50 percent for high-speed rail with most of the 
other choices for the respondents’ actual chosen modes.  The high-speed rail 
choice share was highest for business trips and long trips, giving a first indica-
tion that high-speed rail substitutes more closely with air than with car. 

To prepare the data for estimation, the access and egress mode choice models 
were first applied to calculate access and egress mode logsums for each alterna-
tive.  Then, a nested logit model was estimated across the four main modes for 
each of the segments (only three alternatives for the short segments, as air was 
not available for those segments). 

Some of the results from the mode choice model estimation include the following: 

• The residual mode-specific constants for high-speed rail are generally not 
very much higher than for the other modes.  This result indicates that the 
high choice shares found for high-speed rail are mainly due to the attractive-
ness of the time and cost by the mode, rather than to SP-related survey effects 
or biases. 
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• The cost and in-vehicle time parameters were estimated nonconstrained and 
give very reasonable values of time (VOT).  In general, VOT for the longer, 
more expensive trips is higher than for the shorter, more frequent trips.  This 
is a typical result. 

• The value of frequency (headway) is significant for all segments, but is only 
about 20 percent as large as the in-vehicle time coefficient.  If wait time were 
half the headway and valued twice as highly as in-vehicle time, then we 
would expect the same coefficient on headway and in-vehicle time.  For these 
modes, and particularly air, headway is less related to wait time than it is to 
scheduling convenience.  Because none of the levels used in the SP had 
headways higher than a few hours, the implications for scheduling may not 
have been large enough to greatly influence mode choice. 

• The value of reliability is fairly low for all segments, although with the cor-
rect sign.  It is very difficult to measure the effect of reliability in a large-scale 
mailout SP survey, so we decided to use a somewhat higher effect of reliabil-
ity in application, based on any evidence from elsewhere. 

• Those traveling with others are more likely to use car and less likely to use 
air.  This effect was also tested on the cost coefficients and not found to be 
significant, so this relative mode preference appears to be related to more 
than just cost – such as the fact that people can share driving for long trips.  
Party size models were estimated to generate these data, but are not included 
here for brevity. 

• People in larger households are more likely to use car.  Even though we 
already have the group/alone segmentation, people in larger households are 
likely to be in larger groups. 

• Higher income generally favors air and high-speed rail versus auto. 

• Low auto availability within the household is related to less chance of 
choosing the auto. 

• A nest with air, rail, and high-speed rail (with car in its own “nest”) produced 
a logsum coefficient below 1.0 for all segments, indicating that this was a rea-
sonable nesting structure for interregional trips. 

• The access mode choice logsums were estimated with positive coefficients in 
the range of 0.11 to 0.46 for all segments. 

For the long trips, the egress mode accessibility seems to have somewhat more 
influence on mode choice than does the access mode.  Travelers may be less con-
strained at the home end, where they know the options and can use their own 
auto, than they are at the destination end. 

C001922



Bay Area/California High-Speed Rail Ridership and Revenue Forecasting Study 

5-8  Cambridge Systematics, Inc. 

5.2 INTRAREGIONAL MODELS 
The intraregional models were developed to be integrated with existing MPO 
regional models and the Caltrans Statewide Model.  To that end, the intrare-
gional models rely on existing model trip tables as much as possible to provide a 
more streamlined modeling process.  For both the San Francisco Bay Area and 
the greater Los Angeles region, mode choice models were adapted from existing 
models to include the high-speed rail mode and applied to the MPO trip tables 
for each region.  San Diego is the only other region that contains the possibility of 
intraregional high-speed rail trips, but the estimate of these riders is very low 
relative to the other regions; and the level of effort to develop, calibrate, and 
apply the regional mode choice model is very high, so we decided to develop 
intraregional ridership for San Diego using a population-based estimate rather 
than a traditional mode choice model. 

It was also necessary to supplement the three regions with multiple high-speed 
rail stations with auto trip tables for all other regions.  Although there was no 
need for mode choice models in these regions, it was necessary to accurately rep-
resent congestion in these areas to present realistic travel times for auto trips 
across the State.  These auto trip tables were derived from the Caltrans Statewide 
Model, but could be replaced with local or regional trip tables for statewide cor-
ridor or regional planning studies in the future. 

MTC Regional Mode Choice Models 
Mode choice models for the high-speed rail study were developed using the 
Transbay Mode Choice Models as a starting point.  These mode choice models 
used a detailed submode version of the MTC mode choice model, and were then 
calibrated for work and nonwork purposes during peak and off-peak periods.  
School trips were included as trip tables for auto trips, but were not included in 
the mode choice models, because they were not likely to produce many high-
speed rail trips7.  The following trip purposes were modeled: 

• Home-based work in four income quartiles; 

• Home-based shop/other; 

• Home-based social/recreation; and 

• Non-home-based. 

The four income groups for the MTC are households with less than $25,000; 
$25,000 to $50,000; $50,000 to $75,000; and more than $75,000.  The home-based 
work peak models have walk and drive access for each transit mode:  BART, 
                                                      
7 Cambridge Systematics, Bay Area/California High-Speed Rail Ridership and Revenue 

Forecasting Study:  Model Design, Data Collection and Performance Measures, prepared for 
the Metropolitan Transportation Commission, May 2005. 
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commuter rail, light rail, express bus, local bus, and ferry.  The updated MTC 
home-based work mode choice model structure is shown in Figure 5.3.  The 
home-based off-peak and nonwork (both peak and off-peak) models have walk 
access for each transit mode, but only one drive access mode, which is the best 
path to drive to any transit mode.  The updated MTC home-based work off-peak 
and nonwork mode choice model structure is shown in Figure 5.4.  Modal con-
stants for each mode, purpose, and time period were calibrated to match 
observed values in year 2000. 

Figure  5.3 MTC Updated Mode Choice Structure for Home-Based Work Peak 
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Figure  5.4 Updated MTC Mode Choice Model Structure for Nonwork 
and Off-Peak Models 
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The coefficients and utility equations for all modes are the same as the original 
MTC mode choice models8.  The high-speed rail mode was established to emu-
late the commuter rail mode, with the same coefficients and constants for each 
purpose and time period.  The constants were calibrated the same for all geo-
graphic areas within the Bay Area, even though the MTC model has the capabil-
ity to incorporate different constants for different areas. 

SCAG Regional Mode Choice Models 
The SCAG regional mode choice models were adapted from the MTC regional 
model choice models for the same purposes and time periods, except that the 
home-based work off-peak and nonwork purposes retained the full nested model 
structure with separate submodes for drive access.  This procedure was used to 
meet the schedule for high-speed rail forecasts required for environmental 
documentation, and is a more simplified mode choice model than is used by 
SCAG.  It was calibrated to match SCAG’s validation dataset by mode, purpose, 
and time period.  The high-speed rail forecasting capability in the SCAG model is 
still under development.  SCAG’s own regional mode choice model is being used 

                                                      
8 Metropolitan Transportation Commission, Travel Demand Models for the San 

Francisco Bay Area (BAYCAST-90) Technical Summary, June 1997. 
http://www.mtc.ca.gov/maps_and_data/datamart/forecast/BAYCAST%20Travel%2
0Models%20Tech%20Summary.pdf. 
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to estimate high-speed rail trips for a local planning study, and once validated 
could be used for further intraregional trip forecasting. 

California Statewide Auto Trip Tables 
The Caltrans Statewide Model was used to develop auto trip tables for the 
11 other regions in the State beyond San Francisco and Los Angeles regions: 

• Sacramento region; 

• San Joaquin County; 

• Stanislaus County; 

• Merced County; 

• Fresno/Madera Counties; 

• South San Joaquin Valley region; 

• Kern County; 

• Monterey Bay Area region; 

• Central Coast region; 

• West Sierra Nevada region; and 

• Far North region. 

The Caltrans Statewide Model does not distinguish between drive alone and 
shared ride, so these are all assumed to be drive alone trips.  Since the majority of 
the high-occupancy vehicle (HOV) lanes are contained within the San Francisco 
and Los Angeles regions in the State, this assumption is reasonable given the 
available data and resources.  It may be preferable in the future to consider 
incorporating drive alone and shared ride trips from the Sacramento region, 
since there are additional HOV lanes in this region. 

5.3 MODEL VALIDATION 
The validation of the combined interregional and intraregional (urban) models 
was completed for the year 2000, because the available observed data for 2000 
was more robust than for any other year.  This statewide model was estimated 
from a combination of existing and new household and intercept traveler sur-
veys collected in California and combined with intraregional trips generated 
from regional and statewide sources. 

The validation work included the calibration process, development of data used 
for observed travel behavior, and documentation of the resulting calibration 
parameters for the interregional trips.  In addition, this work included summa-
ries and reasonableness checks on the intraregional trips derived from the MPO 
trip tables.  These were not separately validated or calibrated, because each MPO 
has provided assurances that these trip tables are validated. 
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2000 Trip Tables 
Trips by mode from the interregional models are combined with intraregional 
trips by mode to assign to the highway, air, and rail networks.  Table 5.1 presents 
a summary of the 2000 interregional trips by mode and market. 

Table  5.1 2000 Daily Interregional Trips by Mode 
Market Auto Air Rail Total 

LA to Sacramento 7,479 4,935 – 12,414 
LA to San Diego 257,441 100 5,395 262,936 
LA to SF 28,031 26,867 – 54,898 
Sacramento to SF 137,739 25 1,816 139,580 
Sacramento to San Diego 175 2,858 – 3,033 
San Diego to SF 4,630 10,309 – 14,939 
LA/SF to SJV 205,205 3,393 926 209,524 
Other to SJV 281,750 243 344 282,337 
To/From Monterey/Central Coast 275,794 3,532 1,105 280,431 
To/From Far North 184,506 3,005 16 187,527 
To/From W. Sierra Nevada 59,192 668 11 59,871 
Intraregion – – – – 
Total 1,441,942 55,935 9,613 1,507,490 

Source: California Statewide High-Speed Rail Forecasting Model run for 2000 “base year” conditions. 

Highway trips are converted from person trips to vehicle trips using vehicle 
occupancy factors derived from the Caltrans Statewide Travel Survey.  In addi-
tion, highway trips are separated into peak and off-peak time periods, so that 
peak and off-peak trip tables can be assigned separately to the highway network.  
This ensures that peak-period travel times will more accurately reflect congestion 
that occurs in the peak period. 

Following the development of peak and off-peak auto vehicle interregional trips, 
these were combined with the auto vehicle intraregional trips.  These intrare-
gional trips come from four sources:  MTC, SANDAG, SCAG, and Caltrans.  The 
Caltrans Statewide Model is used to estimate intraregional trips for all the other 
regions (except MTC, SANDAG, and SCAG), so that the auto trip table will be 
representing all statewide travel.  This ensures that congestion within each 
smaller urban area is adequately represented. 

2000 Assignments by Mode 
Validation of the base year assignments by mode involved detailed review of 
observed and modeled volumes.  For air, these reviews focused on assignments 
for the major markets.  For rail, these reviews focused on assignments by operator.  
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For highway, these reviews focused on assignments by gateway and by region.  
A summary of the assignments by mode is provided in Table 5.2. 

Table  5.2 2000 Daily Assignments by Mode 

Mode Units Observed Model Difference 
Percent 

Difference 

Air Boardings 54,271* 54,876 605 1% 

Rail Boardings 16,710** 17,743 1,033 6% 

Auto Vehicle Counts 27,145,300*** 25,206,373 (1,938,927) -7% 

*Source: U.S. Department of Transportation FAA O&D 10-percent sample database. 

**Source: Interregional rail operators and the MTC. 

***Source: Caltrans, MTC, and SCAG traffic count databases. 

Even though the air and rail assignments were very small compared to auto, 
these were critical to the evaluation of high-speed rail, so a great attention to the 
validation of these modes was important.  For the major markets and operators, 
these compared very well with observed numbers.  Auto assignments were pri-
marily validated based on gateways along the high-speed rail corridors.  These 
compared very well to observed traffic counts.  Additional validation effort to 
refine and improve the highway assignments is recommended if this model were 
to be used for highway planning purposes. 

2030 Baseline Forecasts 
Comparison of the 2030 forecast to a No-Project scenario was completed for vali-
dation to ensure that the 2030 forecasts are reasonable for each model compo-
nent.  Overall, there is a 42 percent increase in households and a 51 percent 
increase in employment (see Table 3.2), and there is a 62 percent increase in inter-
regional trips.  The 2030 interregional trip table is presented in Table 5.3. 

The higher percent of interregional trips compared to statewide household and 
employment growth is a reflection of the expansion of the regions beyond their 
regional borders, causing more travelers to make interregional travel instead of 
intraregional travel.  The auto assignments (represented by total vehicle miles 
traveled (VMT)) increase by 73 percent from 2000 to 2030, which is also caused 
by travelers having to go further to reach their destinations.  These are presented 
in Table 5.4.  Rail boardings increase at a higher rate than auto, indicating that as 
congestion increases, more travelers are taking rail as expected.  Air boardings 
do not increase as fast as rail or auto, because the air fares increased and frequen-
cies decreased between 2000 and 2005, making air a less attractive option.  The 
2005 observed air level of service was kept constant through 2030.  The primary 
reason for significant changes in air service from 2000 to 2005 was the 
September 11 terrorist attacks in 2001, which affected air travel more than other 
modes. 
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Table  5.3 2030 Daily Interregional Trips by Mode 
Market Auto Air Rail Total 

LA to Sacramento 12,636 8,105 – 20,741 
LA to San Diego 340,862 96 25,898 366,856 
LA to SF 30,253 25,351 – 55,604 
Sacramento to SF 174,844 26 11,798 186,668 
Sacramento to San Diego 164 5,258 – 5,422 
San Diego to SF 5,038 18,259 – 23,297 
LA/SF to SJV 360,177 9,609 6,237 376,023 
Other to SJV 553,466 1,944 4,792 560,202 
To/From Monterey/Central Coast 426,056 5,886 2,077 434,019 
To/From Far North 320,667 5,957 962 327,586 
To/From W. Sierra Nevada 96,404 1,177 335 97,916 
Total 2,320,567 81,668 52,099 2,454,334 

Source: California Statewide High-Speed Rail Forecasting Model run for 2030 “no-project” conditions. 

Table  5.4 2000 and 2030 Assignments by Mode 

Mode Units 2000 Model 2030 Model Difference 
Percent 

Difference 

Air Boardings 54,876 80,643 25,767 47% 

Rail Boardings 16,430 30,653 14,222 87% 

Auto VMT 748,606,510 1,297,116,168 548,509,657 73% 

Source: California Statewide High-Speed Rail Forecasting Model run for 2000 “base year” and 2030 
“no project” conditions. 

C001929



 

6.0 Level of Service Assumptions 

C001930



Bay Area/California High-Speed Rail Ridership and Revenue Forecasting Study 

Cambridge Systematics, Inc. 6-1 

6.0 Level of Service Assumptions 
Level of service (LOS) assumptions include costs (i.e., operating costs and fare 
prices); service frequencies; travel and access/egress times; terminal times; and 
reliability measures for each of the interregional travel modes under considera-
tion – auto, air, conventional rail (CR), and high-speed rail.  Reliability is a newly 
developed measure for the new statewide model system.  Reliability was 
included in the SP survey choice experiment options, along with the more tradi-
tional time and cost variables. 

These data come from a variety of sources.  Much of the information has been 
predetermined from earlier bodies of work.  For example, assumptions about the 
future background highway and transit networks generally come from existing 
regional and metropolitan transportation plans.  As appropriate, this report 
identifies data sources for each assumption.  Some other data were newly 
researched.  The consultant team has compiled data on air travel times and fares 
between California airport pairs.  Three sets of data for comparison:  observed 
travel data for the year 2000 base year, year 2005 existing conditions, and previ-
ously developed CHSRA network assumptions.  All costs and incomes were 
developed in year 2005 dollars. 

This study also included an extensive new data collection effort of interregional 
revealed- and stated-preference travel patterns.  New data collection comprises 
3,172 revealed- and stated-preference surveys of California interregional air, 
auto, and rail passengers.  These surveys provide a rich source of data on areas, 
such as access/egress times and costs, and airport terminal times. 

The travel skims have been developed using the new Cube program Public 
Transport (PT), which varies from previous transit network/assignment mod-
ules in development of paths.  PT is a significant enhancement over past transit 
path-building and assignment modules, because the transit path-finding algo-
rithm finds all possible transit paths for the zone pairs with the specified 
parameters (maximum travel time, access time, number of transfers, etc.); and 
assigns them to each route based on probability.  PT reports average skims; 
whereas, earlier modules used an “all-or-nothing” process to assign all trips to 
the best path. 

6.1 COST 
Cost assumptions include auto operating costs, as well as fares for conventional 
and high-speed rail and air travel.  Cost assumptions also include access and 
egress costs, such as parking charges at airports.  All cost assumptions are in 
2005 constant dollars, unless otherwise specified. 
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Auto Operating Costs 
The consultant team prepared the auto operating costs with data that the MTC 
has compiled on an ongoing basis (up to April 2006).  The auto operating costs 
are comprised of gasoline and nongasoline operating costs.  Gasoline operating 
costs are calculated on a per-mile basis from the price of average retail gasoline 
divided by the average fuel economy.  The MTC obtains monthly retail gasoline 
costs from the California Energy Commission (CEC).  A constant average fuel 
economy of 21.9 miles per gallon has been assumed. 

Nongas operating costs include maintenance and repair, motor oil, parts, and 
accessories.  The California Department of Energy used to track the nongas oper-
ating costs, but more recently MTC has assumed that nongas operating costs are 
fixed to 60 percent that of gasoline operating costs. 

The year 2000 model system uses year 2000 automobile operating costs of 
16 cents per mile, while the 2005 model runs uses the 2005 value of 20 cents per 
mile.  An important assumption will be future gas prices for the purposes of 
alternatives evaluation for 2030 forecasts.  Gasoline prices are notoriously vola-
tile, and we assume a constant cost of gasoline (with respect to inflation), rather 
than a real, annual increase in auto operating costs.  In addition, we tested the 
sensitivity of ridership forecasts to changes in gas prices by increasing the cost of 
gasoline. 

Bridge Tolls 
Tolls are charged on seven California bridges – all of them in the San Francisco 
Bay Area.  Current tolls are $3.00 on all seven bridges, except the Golden Gate, 
which is $5.00 in year 2000 and $4.00 on all seven bridges beginning in 2007.  The 
other six bridges include the Dumbarton, San Mateo-Hayward, San Francisco 
Bay, Carquinez, Benicia-Martinez, and Antioch.  There are two bridge facilities 
that no longer charge tolls.  These are the Gerald Desmond Bridge (serving the 
Ports of Long Beach and Los Angeles) and the Coronado Bridge (serving 
Coronado Island in San Diego). 

Line-Haul Fares 
Line-haul air fares were obtained from the FAA and supplemented with data 
from several web sites over several months to obtain data on air fares for origin-
destination pairs in California.  The fares were obtained directly for year 2000 
and 2005 from the 10-percent ticket sample maintained by the FAA.  Business 
and nonbusiness fares were queried and summarized separately, but there was 
no significant difference overall in these markets between business and nonbusi-
ness fares, so they were averaged for the purposes of this study.  Average air 
fares typically increased from 2000 to 2005; for example, between Bay Area air-
ports and Los Angeles airports, the air fares increased from $82 to $106 between 
2000 and 2005, or a 29 percent increase. 
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An important part of this project was to evaluate different high-speed rail fare 
policies in order to maximize benefits.  As such, the study team and peer review 
panel has agreed that, as a starting point, fare assumptions similar to those 
developed by Charles Rivers Associates (CRA) for the previous high-speed rail 
model would be employed here.  CRA’s base fare structure for interregional trips 
was based on 50 percent of the average Los Angeles-Bay Area airfare.  Using the 
average airfare of $106 (in 2005 dollars) in our current model, the high-speed rail 
fare equates to a boarding charge of $15 and a distance charge of 0.9 cents per 
mile.  The station-to-station high-speed rail fares are used both as an input to the 
models and to calculate high-speed rail revenue.  The revenue is calculated by 
summing the product of the station-to-station, high-speed rail ridership matrix 
and the station-to-station, high-speed rail fares. 

For intraregional commuter travel, CRA assumed that intraregional high-speed 
rail fares would be 50 percent higher than commuter rail fares, on average.  
Using this assumption in our current model, the high-speed rail fare equates to a 
boarding charge of $7.00 and a distance charge of 0.6 cents per mile.  Both the 
interregional and intraregional per-mile, high-speed rail charges were applied to 
the driving distance between stations in order to avoid different fare structures 
for Altamont and Pacheco high-speed rail routings. 

Interregional conventional rail (CVR) fares for the San Joaquin, ACE, Capitol 
Corridor, Pacific Surfliner, and Metrolink (Oceanside) lines were developed from 
the operators for 2000 and 2005 and assumed to be constant (relative to inflation) 
from 2005 to 2030. 

Access-Egress Costs 
Airport hourly and daily on- and off-site parking charges were collected by the 
MTC staff for San Francisco and Oakland, and by Cambridge Systematics staff 
for Los Angeles and Ontario airports as part of a recent study.  Parking rates for 
all other airports were collected from an Internet search.  Parking costs at SFO 
and OAK were highest at $26 per day. 

Conventional rail parking charges are typically free with some exceptions.  
Parking charges apply at the Sacramento depot (serving Capitol Corridor and 
selected San Joaquin line trains), and at Oakland’s Jack London Square (served 
by Capitol Corridor and San Joaquin lines); however, the lot only contains 
75 parking spaces and is generally half-filled each day.  In Southern California, 
parking at Los Angeles Union Station is $6.00 per day (served by Metrolink and 
Surfliner Routes). 

High-speed rail is assumed to have ample market rate parking at all stations.  For 
initial forecasts, interregional parking charges at high-speed rail stations will be 
set to a minimum rate of $3.00 per day, except for areas where parking is already 
charged, such as San Francisco ($25 per day), Oakland, Los Angeles, Sacramento 
($6.00 per day), and San Diego ($12 per day). 
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6.2 TRAVEL TIMES 
Travel times for interregional travel modes are broken down into detailed com-
ponents:  line-haul times (the time spent in an airplane, high-speed, or conven-
tional train or automobile); access and egress times; terminal times; wait times; 
and transfer times. 

Line-Haul Times 
Auto travel times are derived by summing the travel time (based on distance and 
speed) in the highway network.  These are available for peak and off-peak or 
free-flow conditions. 

Intra-California airport to airport line-haul times are developed from the FAA 
data in the 10-percent ticket sample and updated with current schedules in some 
markets where the FAA data were too low.  Airport pairs without direct (non-
stop) service show line haul times with transfer times included, since the air 
network represents all direct service.  Travel times were estimated for both 2000 
and 2005, and there were small differences in these travel times, but they were 
within the margin of error and there were many unexplainable anomalies, so 
travel times for both 2000 and 2005 were set equal.  Line-haul times for outbound 
and return flights have been averaged to produce a single run time for both 
directions of travel.  This includes direct and connecting service for intrastate 
flights, where demand in 2005 is greater than one trip per day (400 annual trips). 

High-speed rail line-haul times were developed for both Pacheco Pass and 
Altamont Pass alternatives.  The high-speed rail times have been developed by 
the CHSRA’s rail operations consultant, Parsons Brinckerhoff. 

Conventional rail times include ACE, Capitol Corridor, San Joaquin, Pacific 
Surfliner, and Metrolink-Orange County Route.  These were developed from cur-
rent schedules for 2005 and were the same for 2000 and 2030. 

Frequencies 
Observed air travel frequencies were obtained from the FAA reports.  These fre-
quencies represent only direct service within California.  They were developed 
for both peak and off-peak conditions. 

Generalized peak-period high-speed rail frequencies were developed for the ini-
tial northern (Altamont) and southern (Pacheco) alignment alternatives.  These 
frequencies are assumed as an initial starting point for forecasting purposes.  
Testing of alternative service scenarios was conducted during sensitivity testing.  
High-speed rail schedules are a fairly complex mix of local, express, regional, 
semi-express, and suburban express trains. 

Conventional rail frequencies are not as complex as air or high-speed rail ser-
vices.  These were derived from current conventional rail schedules. 

C001934



Bay Area/California High-Speed Rail Ridership and Revenue Forecasting Study 

Cambridge Systematics, Inc. 6-5 

Access-Egress Times 
Access and egress times are compiled for all mass transportation modes – air 
travel, and conventional and high-speed rail.  There are no access-egress times 
for auto modes; out-of-vehicle time for auto is identified as terminal time and 
this is covered in a separate section below.  Access-egress times cover the time 
required to travel from home (or activity location, such as from a workplace) to 
the curb of the train station/airport terminal.  Times inside the stations/termi-
nals include both terminal and wait times, and are covered in the next two 
subsections. 

The choice of mode to and from airports, conventional rail stations, and high-
speed rail stations includes drive and park, picked up/dropped off, rental car, 
taxi, transit, and walk.  The auto-based modes (drive and park/picked up/
dropped off, rental car, and taxi) will all use highway network travel times for 
peak or off-peak travel.  The walk network is based on the highway network, 
with freeways and expressways removed, and walk speeds are set to 3 miles per 
hour on all remaining arterial and collector links. 

Wait Times 
Wait time refers to the time between arriving at the airline gate or train platform, 
and closing of the airplane or train door after everyone has boarded.  The time 
spent prior to arriving at the airline gate or train platform is the terminal time, 
and is discussed further below. 

For air travel, the wait time includes both the time spent waiting at the gate for 
the plane to arrive; the actual boarding time; and the time up until the plane, 
loaded with passengers, leaves the gate area.  Once the plane leaves the gate, 
line-haul time begins.  An initial review of wait times for air travelers in the sur-
veys collected for this project revealed no significant difference between wait 
times for business and nonbusiness travelers.  In addition, we believe that air 
traveler wait times are not a function of the air service frequencies, as recom-
mended by the peer review panel.  The rationale for using set wait times is each 
seat must be reserved in advance, so the presence of more or less frequent service 
between airport pairs does not influence the wait times.  As a result, air wait 
times for air passengers were based on a review of the surveys’ reported wait 
times at 55 minutes.  The air wait times was derived from self-reported data on 
arrival time before departure in the air passenger travel surveys collected for this 
study, which include both wait and terminal times. 

For rail travel, the wait times are lower than air for a number of reasons.  First, 
trains will have numerous doors, making boarding a train a much faster propo-
sition than boarding an airplane.  In addition, the hassle and time variance of 
getting a boarding pass, checking luggage, and getting through security requires 
arrival at the airport earlier than at a train station without security checkpoints.  
It is explicitly assumed that high-speed rail will not have the elaborate security 
check-in procedures, boarding passes will not be required to wait for a train, 
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seats are not assigned, and that luggage is typically self-carried on the train.  The 
rail wait time was set at 15 minutes for both high-speed and conventional rail 
travelers. 

Terminal Times 
Terminal time is the amount of time it takes someone to travel between their 
access mode and the airport boarding area or train platform.  It also includes the 
time it takes an auto traveler to walk from their car to their destination.  Terminal 
times are defined for both access and egress ends.  At the origin/access end of a 
trip, terminal time includes the following: 

• Time to walk (or ride a shuttle) between the parking area and terminal; 

• Time to receive a ticket or boarding pass; 

• Time to check luggage; 

• Time to clear security; and 

• Time to walk from security to the boarding area or platform. 

Destination/egress end of a trip, terminal time includes: 

• Time to deboard the airplane or train; 

• Time to walk from the plane/train to baggage claim; 

• Time to pick up baggage; and 

• Time to walk (or ride a shuttle) between the terminal and parking area, or to 
other ground transportation modes. 

Terminal times for public modes were determined from a combination of peer 
review recommendations and subsequent refinements made by Cambridge 
Systematics.  The following terminal times were used: 

• Ten minutes for high-speed rail stations; 

• Twenty minutes for nonbusiness/commute trips at airports; 

• Twenty-two minutes for business/commute trips at airports; and 

• Three minutes for conventional rail stations. 

Terminal times for auto were added to represent the average time to access one’s 
vehicle at each end of the trip.  The Caltrans Statewide Model assumes an aver-
age terminal time at the production (home) end of trips and at the trip attraction 
based on the area type of the zone, ranging from one to five minutes, depending 
on the location of the trip (urban, suburban, or rural).  Longer terminal times in 
central urban areas are assumed, because of the extra time involved in finding 
parking and walking between a parking space and the final destination. 
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Transfer Times 
Transfer times apply when connecting from one mass transportation mode to 
another.  In typical urban travel models, transfer wait times are defined as half 
the headway of the connecting modes.  For interregional travel, transfer times are 
somewhat more complicated because local transit access/egress to/from the 
high-speed rail modes is part of the access/egress time. 

Because the interregional travel mode will be the primary mode of travel, it is 
assumed the traveler will know the schedule of the interregional mode, and will 
plan their trip accordingly.  As a result, no time will be assessed for trips that 
include using local transit to access the interregional mode. 

For example, consider a traveler living in San Francisco and traveling to Southern 
California.  This traveler will take BART to SFO, followed by a flight to a Southern 
California airport.  The notion of assessing a transfer time of half the airline 
headway (or some similar such measure) does not make sense since the traveler 
will obviously take a BART train that gets him/her to the airport on time for his/
her flight.  In this case, all of the relevant access travel time components are 
applied – a walk to the BART station, a wait for the BART train to arrive, and the 
actual BART ride.  From there, the traveler will walk from the BART platform to 
the SFO entrance.  The times, in total, comprise the access time.  This traveler will 
have the airport terminal and wait times, as well as the airline flight time, for 
their trip, so an assessment of a transfer time for this trip would be redundant 
and unrealistic. 

Nevertheless, the egress mode for the return trip would assess the typical trans-
fer time – for the airline to BART connection.  In this case, the traveler will have 
flown back to SFO and will need to transfer to BART.  Coming off a relatively 
long flight and egress terminal time, the traveler will likely have to wait half the 
BART headway.  The peer review panel suggested that the transfer egress time 
be capped at 15 minutes, and that recommendation has been implemented. 

Total Travel Times 
To compare travel times across modes, selected city pairs have been identified 
and compared across modes and between the base year (2000) and the forecast 
year (2030) in Table 6.1.  The forecast year travel times reflect one of the baseline 
build scenarios, so that the high-speed rail mode can be compared to competing 
modes in these markets. 
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Table  6.1 Total Peak Travel Times by Mode for Selected City Pairs 

Auto Air 
High-Speed 

Rail 
Conventional 

Rail 
City to City Pair 2000 2030 2000 2030 2030 2000/2030 

Los Angeles downtown to 
San Francisco downtown 

6:28 6:32 3:30 3:38 3:23 No service 

Fresno downtown to 
Los Angeles downtown  

3:32 3:38 3:17 3:24 2:14 No service 

Los Angeles downtown to 
San Diego downtown 

2:37 2:39 2:51 3:01 2:13 3:26 

Burbank (airport) to San Jose 
downtown 

5:31 5:40 2:46 2:43 3:07 No service 

Sacramento downtown to 
San Jose downtown 

2:29 2:24 2:41 2:41 2:15 4:06 

 

High-speed rail total travel times compete with air favorably in many markets, 
because of the recognition that the terminal and wait times are lower for high-
speed rail than air.  In many cases, the access and egress times are also shorter, 
because in many areas there are more high-speed rail stations than airports.  
High-speed rail also competes well with auto in these longer-distance markets 
(over 100 miles) because it is faster.  Conventional rail is longer than high-speed 
rail in all competing markets. 

6.3 RELIABILITY 
Reliability is a new measure that was included directly into the interregional 
mode choice models currently under development.  Information collected was 
from correspondences with conventional rail system planners, the FAA data, and 
previous high-speed rail environmental documentation (2003). 

The SP surveys, collected for this study, included the following reliability options 
across modes as part of the overall choice experiments.  The reliability question 
was posed for each of four modes as the percent variations in the frequency of 
encountered delays. 

• Travel by auto – Percent of the time there are no extra delays of more than 
15 minutes; 

• Travel by air – Percent of flights that arrive within 15 minutes of schedule; 

• Travel by conventional rail – Percent  of trains that arrive within 15 minutes 
of schedule; and 

• Travel by high-speed rail – Percent of trains that arrive within 5 minutes of 
schedule. 

C001938



Bay Area/California High-Speed Rail Ridership and Revenue Forecasting Study 

Cambridge Systematics, Inc. 6-9 

These data did not result in a significant parameter in the mode choice models.  
In conjunction with the peer review panel, we hypothesized that this was 
because the survey questions on reliability were too narrow (i.e., percent of 
flights or trains that arrive within 15 minutes), making it difficult for travelers to 
distinguish between the modes for longer interregional travel decisions.  As a 
result, Cambridge Systematics modified the definition of the reliability measure 
to reflect the percent of flights or trains that arrive within 60 minutes, which 
increased the impact this reliability has on a person’s modal choice.  In turn, the 
consultant team, in consultation with the MTC and other study participants, has 
constrained the reliability measure in the mode choice models to reflect this 
change. 

Highways tend to be the least reliable of the four modes on a day-in, day-out 
basis.  Reliability on highways is highly susceptible to incidents, weather, vol-
ume variation, and inadequate base capacity.  On two of these factors (construc-
tion and special events), auto is more susceptible than the other modes.  It is only 
when considering the influence of vehicle availability and routing that highways 
have a lower susceptibility than all other modes. 

The measure of reliability that has been used on a series of studies by Cambridge 
Systematics is the freeway vehicle hours of delay.  This measure indicates that, as 
delay on the freeway increases, the overall reliability of the system would tend to 
decrease.  The probability, expressed in decimal terms, of an auto traveler arriving 
within 60 minutes of the congested travel time can be found with the following 
function: 
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Where: 

TO = Free-flow travel time in minutes; and 

TC = Congested travel time in minutes. 

The prior equation uses the concept of “travel time index,” and essentially looks 
at the likelihood that someone’s trip will be delayed by 60 minutes or more by 
nonrecurring incident delay.  The probability is referenced against congested 
travel time, since auto travelers presumably already account for the effects of 
recurring congestion in their mode choice decisions.  The portion of the equation 
shown in bold represents the estimate of incident delay, measured in minutes. 

This auto reliability measure relies on existing research to define the function for 
determining auto reliability, but is applied on an origin-destination basis, rather 
than a link basis for the purposes of this study.  The resulting percent reliability 
estimates for a trip from Los Angeles to San Francisco are in the range of 67 to 
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92 percent, depending on the specific details of a trip.  Trips with no congestion 
will have 100 percent reliability. 

Airline reliability data for 2000 and 2005, as well as forecasts for 2025, were com-
piled from the FAA data.  This reflects an average reliability for air of 91 percent 
in 2000, 95 percent in 2005, and 94 percent in 2030.  Airline travel shows reliabil-
ity improvements since 2000, probably due to the airline practice of increasing 
scheduled air times to allow for better on-time performance. 

There was no available on-time performance data for conventional rail services 
arriving within 60 minutes of the scheduled time.  The proposed measurement 
takes into account the same relationship that air performance has between 5 and 
60 minutes, and assesses individual performance for each service.  The following 
reliability measures were obtained and estimated:  ACE on-time performance 
within 60 minutes was estimated at 97 percent; Metrolink on-time performance 
within 60 minutes was estimated at 98 percent; San Joaquin’s on-time perform-
ance within 60 minutes was estimated at 89 percent; Capitol Corridor on-time 
performance within 60 minutes was estimated at 94 percent; and Surfliner’s on-
time performance within 60 minutes was estimated at 94 percent. 

Typical high-speed rail reliability for European and Japanese systems was ana-
lyzed by SYSTRA staff.  On dedicated high-speed rail track, even with express 
and local trains, both the French and Japanese have reported average delays of 29 
to 40 seconds per train (including weather and earthquake delays), which is more 
than 99 percent on time (within 10 minutes of schedule in European practice).  In 
California, there will be origin-destination pairs that will have 100 percent dedi-
cated right of ways (ROW), where a very high on-time performance (OTP) could 
be expected.  This translates to 99 percent reliability for the defined criteria of 
OTP within 60 minutes. 

6.4 FUTURE NO-PROJECT NETWORKS 
The future baseline networks were developed for 2030, with assumptions about 
transportation infrastructure improvements.  The 2030 horizon year presents the 
best source of information, since this year is close to the horizon year for regional 
and metropolitan transportation plans (RTPs and MTPs, respectively).  RTPs/
MTPs for the four major urban areas have been identified and coded into the 
baseline transit and highway networks.  The consultant team used the statewide 
travel model (STM) for other areas of the State – particularly the Central Valley.  
Assumptions about network improvements were identified by comparing the 
base and future networks. 
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The details of these transportation infrastructure investments are documented in 
detail in the level of service report9. 

                                                      
9 Cambridge Systematics, Inc., with Systra Consulting, Inc., and Citilabs, Bay Area/

California High-Speed Rail Ridership and Revenue Forecasting Study Levels of Service 
Assumptions and Forecast Alternatives, prepared for Metropolitan Transportation 
Commission and the California High-Speed Rail Authority, August 2006. 
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7.0 Ridership and Revenue 
Forecasts 
This section outlines aggregate high-speed rail ridership and revenue forecasts 
for sensitivity tests, network, and alignment alternatives.  These results are 
detailed and discussed further in Bay Area/California High-Speed Rail Ridership and 
Revenue Forecasting Study Ridership and Revenue Forecasts. 

7.1 SENSITIVITY TESTS 
A series of sensitivity tests were conducted to test the impacts of changes in level 
of service on high-speed rail ridership and revenue.  These tests were designed to 
assist in developing an improved operating plan and optimum fares, and to 
understand the impacts of potential changes in assumptions to the air and auto 
modes.  The results of the sensitivity tests are provided in Table 7.1. 

Table  7.1 Sensitivity Tests for High-Speed Rail 
Percent Change from Base 

Sensitivity Test Change in Level of Service Boardings Revenues 

High-speed rail level of service tests   

Higher high-speed rail fares 25% increase -13% 2% 

Average daily headways High-speed rail headways* -15% -14% 

Higher high-speed rail freq 100% increase 15% 16% 

Express service SF/LA Double freq SF/LA to SJV, SD/SF 
to SAC 

22% 24% 

Air and auto level of service tests 
Higher air/auto times 6% increase** 6% 6% 

Higher air/auto costs 50% increase 46% 53% 

Combined level of service tests 
Higher high-speed rail fares and 
higher air/auto costs 

25% increase in fares, 50% 
increase in costs 

13% 19% 

Higher high-speed rail fares and 
higher air/auto costs 

50% increase in both 31% 40% 

Higher high-speed rail fares and 
higher air/auto costs 

100% increase in fares, 50% 
increase in costs 

-6% 1% 

* Average daily headways assume that the headways in the peak and off-peak periods are equal.  This 
effectively increases peak headways and decreases off-peak headways. 

** The 6-percent increase in travel time was based on a 30-minute increase in travel time from San 
Francisco to Los Angeles by car. 
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The results show that improvements in high-speed rail frequencies can support 
much higher high-speed rail ridership; increased high-speed rail frequencies in 
the major corridors (San Francisco to Los Angeles, Los Angeles to San Joaquin 
Valley, San Diego to Sacramento, and San Francisco to Sacramento) were then 
retained for the alternatives analysis.  These results also show that raising high-
speed rail fares will not significantly increase revenues, unless this is combined 
with different assumptions of air and auto costs.  Assumptions regarding air and 
auto cost increases remain a difficult issue, given the volatility in these costs in 
the past 5 years alone.  The sensitivity tests do show that high-speed rail rider-
ship is highly sensitive to the assumptions of air and auto costs, and can increase 
as much as 46 percent with a 50-percent increase in air and auto costs, which 
seems quite reasonable compared to current trends in these costs. 

7.2 NETWORK ALTERNATIVES 
There are 6 network alternatives for the Pacheco Pass (southern alignment into 
the Bay Area) alternative and 11 network alternatives for the Altamont Pass 
(northern alignment alternative) alternative.  These network alternatives are 
described in detail in the Environmental Impact Statement (EIS) report10.  The 
interregional and intraregional models were run for the 2030 forecast year for 
each alternative and ridership, and revenues were summarized and compared 
for each. 
The Pacheco Pass alternative results are summarized in Table 7.2.  For each alter-
native, the amount of service is held constant in order to better compare the net-
work changes.  In the case of the combined San Francisco and Oakland alterna-
tive (P3), service from San Jose is split proportionally between the two cities, 
which causes overall level of service in each destination to be lower than in the 
base.  So even though this alternative reaches more travelers directly in terms of 
station location, the lesser level of service causes lower ridership and revenues.  
The Transbay alternatives (P5 and P6) both have higher ridership and revenue 
than the base because service is not split and every train serves all three destina-
tions (San Francisco, San Jose, and Oakland), but are not as likely to be cost 
effective, given the expense of constructing an additional Transbay tube. 
The Altamont Pass alternative results are summarized in Table 7.3.  The 
Altamont Pass alternatives generally do not compare favorably to the Pacheco 
Pass alternatives; only because many of these alternatives have split service to 
multiple destinations, rather than a single line, as is the case in most of the 
Pacheco alternatives.  Some of the Altamont alternatives go to single destinations 
and compare well with similar Pacheco alternatives, such as the alternatives to 
San Francisco (A5), to Oakland (A6), and to San Jose (A4).  In addition, the 
Transbay tube alternative (A10) compares reasonably well with the same 
Pacheco Pass alternative (P5). 
                                                      
10 California High-Speed Rail Authority, Draft Bay Area to Central Valley High-Speed Train 

(HST) Program Environmental Impact Report/ Environmental Impact Statement (EIR/EIS), 
June 2007. 
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Table  7.2 Pacheco Pass Network Alternative Results 
 Network Alternative Name and Description Annual Ridership Annual Revenues 
P1 Pacheco to San Jose and San Francisco 93,890,000 $3,098,000,000 

  From San Francisco to San Jose, this network alternative would use the existing Caltrain rail ROW.  The Pacheco and Henry 
Miller (to the UPRR) alternatives would be used between San Jose and the Central Valley.  The BNSF N/S (north of Merced) and 
UPRR N/S (south of Merced) alignments would be used in the Central Valley.   
P2 Pacheco to San Jose and Oakland   

91,720,000 $3,083,000,000 From Oakland to San Jose, this network alternative would use the Niles/I-880 alignment.  The Pacheco and Henry Miller (to the 
UPRR) alternatives would be used between San Jose and the Central Valley.  The BNSF N/S (north of Merced) and UPRR N/S 
(south of Merced) alignments would be used in the Central Valley. 

-2.3%* -0.5%* 

P3 Pacheco to San Jose, San Francisco, and Oakland   
86,080,000 $2,790,000,000 From San Francisco to San Jose, this Network Alternative would use the existing Caltrain ROW.  From Oakland to San Jose, the 

Niles/I-880 alignment would be used.  The Pacheco and Henry Miller (to the UPRR) alternatives would be used between San 
Jose and the Central Valley, and the BNSF N/S (north of Merced) and UPRR N/S (south of Merced) alignments would be used in 
the Central Valley. 

-8.3%* -9.9%* 

P4 Pacheco to San Jose 80,040,000 $2,678,000,000 
The Pacheco and Henry Miller (to the UPRR) alternatives would be used between San Jose and the Central Valley, and the 
BNSF N/S (north of Merced) and UPRR N/S (south of Merced) alignments would be used in the Central Valley. 

-14.0%* -14.8%* 

P5 Pacheco to San Jose, San Francisco, and Oakland via Transbay Tube 95,760,000 $3,160,000,000 
From Oakland to San Francisco, this network alternative would use a Transbay tube crossing.  From San Francisco to San Jose, 
this network alternative would use the existing Caltrain ROW.  From San Jose, this network alternative would use the Pacheco 
and Henry Miller (to the UPRR) alignment alternatives and the BNSF N/S (north of Merced) and UPRR N/S (south of Merced) 
alignments would be used in the Central Valley. 

2.0%* 2.0%* 

P6 Pacheco to San Jose, Oakland, and San Francisco via Transbay Tube 92,410,000 $  3,049,000,000 
This network alternative would require a new Transbay tube from San Francisco to Oakland.  From Oakland to San Jose, this 
network alternative would use the Niles/I-880 alignment.  From San Jose, this network alternative would use the Pacheco and 
Henry Miller (to the UPRR) alignment alternatives and the BNSF N/S (north of Merced) and UPRR N/S (south of Merced) 
alignments in the Central Valley. 

-1.6%* -1.6%* 

Note: The P5 and P6 alternatives were inferred from a combination of the Pacheco base and the Altamont Transbay alternatives. 

*Percent Difference Compared to P1 Scenario. 
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Table  7.3 Altamont Pass Alternative Results 
 Network Alternative Name and Description Annual Ridership Annual Revenues 
A1 Altamont to San Jose and San Francisco 87,910,000 $2,844,000,000 

-6.4%* -8.2%* From San Francisco to Redwood City, this network alternative would use the existing Caltrain rail ROW, and would cross the San 
Francisco Bay in the Dumbarton corridor.  To San Jose, the Niles/I-880 alignment would be utilized south of Niles.  The Altamont 
Pass would use the UPRR alignment through downtown Tracy, and the Central Valley would use the UPRR N/S alignment. 

  

A2 Altamont to San Jose and Oakland 88,010,000 $2,881,000,000 
From Oakland to San Jose, this network alternative would use the Niles/I-880 alignment.  The Altamont Pass would use the 
UPRR alignment through downtown Tracy, and the Central Valley would use the UPRR N/S alignment. 

0.1%** 0.1%** 

A3 Altamont to San Jose, Oakland, and San Francisco   
81,130,000 $2,625,000,000 From Oakland to San Jose, this network alternative would use the Niles/I-880 Alignment.  From San Francisco to Redwood City, 

this network alternative would use the existing Caltrain rail ROW.  This network alternative would cross the San Francisco Bay in 
the Dumbarton corridor.  The Altamont Pass would use the UPRR alignment through downtown Tracy, and the Central Valley 
would use the UPRR N/S alignment. 

-7.7%** -7.7%** 

A4 Altamont to San Jose 94,650,000 $3,176,000,000 
From San Jose, this network alternative would use the Niles/I-880 alignment between San Jose and Niles.  The Altamont Pass 
would use the UPRR alignment through downtown Tracy, and the Central Valley would use the UPRR N/S alignment. 

4.9%** 7.7%** 

A5 Altamont to San Francisco 93,880,000 $3,127,000,000 
From San Francisco to Redwood City, this network alternative would use the existing Caltrain rail ROW north of Redwood City 
and would cross the San Francisco Bay in the Dumbarton Corridor.  The Altamont Pass would use the UPRR alignment through 
downtown Tracy, and the Central Valley would use the UPRR N/S alignment. 

6.8%** 10.0%** 

A6 Altamont to Oakland 94,390,000 $3,153,000,000 
From Oakland to Union City, this network alternative would use the Niles/I-800 alignment north of Niles.  The Altamont Pass 
would use the UPRR alignment through downtown Tracy, and the Central Valley would use the UPRR N/S alignment. 

7.4%** 10.9%** 

A7 Altamont to Union City 83,490,000 $2,701,000,000 
From Union City, the Altamont Pass alignment would follow the UPRR through downtown Tracy, and the Central Valley would use 
the UPRR N/S alignment. 

-5.0%** -5.0%** 

A8 Altamont to San Jose and San Francisco – Peninsula Route 90,750,000 $2,743,000,000 
This network alternative would cross the San Francisco Bay in the Dumbarton corridor.  From San Francisco to San Jose, this 
network alternative would use the existing Caltrain alignment  The Altamont Pass alignment would follow the UPRR through 
downtown Tracy, and the Central Valley would use the UPRR N/S alignment. 

3.2%** -3.6%** 
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 Network Alternative Name and Description Annual Ridership Annual Revenues 
A9 Altamont to San Jose, San Francisco, and Oakland – No Bay Crossing Route 85,220,000 $2,733,000,000 
This network alternative would not cross the San Francisco Bay.  From San Francisco to San Jose, this network alternative would 
use the existing Caltrain ROW and the Niles/I-880 alignment south of Niles in the East Bay.  The Altamont Pass alignment would 
follow the UPRR through downtown Tracy, and the Central Valley would use the UPRR N/S alignment. 

-3.1%** -3.9%** 

A10 Altamont to Oakland and San Francisco via Transbay Tube 95,940,000 $3,164,000,000 
From San Francisco to Oakland, this network alternative would use a new Transbay tube between San Francisco and Oakland 
and would use the Niles/I-880 Alignment north of Shinn.  The Altamont Pass alignment would follow the UPRR through downtown 
Tracy, and the Central Valley would use the UPRR N/S alignment. 

9.1%** 11.3%** 

A11 Altamont to San Jose, Oakland, and San Francisco via Transbay Tube 89,620,000 $2,884,000,000 
From San Francisco to Oakland this network alternative would use a new Transbay tube.  The Niles/I-880 alignment would be 
used between Oakland and San Jose, with the UPRR Alignment through the Tri-Valley to Tracy, and the UPRR N/S alignment 
through the Central Valley. 

1.9%** 1.4%** 

Note: The A3 and A7 alternatives were inferred from a combination of the Altamont base and the Pacheco alternatives. 

*Percent Difference Compared to P1 Scenario. 

**Percent Difference Compared to A1 Scenario. 
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7.3 ALIGNMENT ALTERNATIVES 
There were seven alignment alternatives for the Pacheco Pass alternatives and 
nine alignment alternatives for Altamont Pass alternatives.  These alignment 
alternatives are described in detail in the EIS report11.  The interregional and 
intraregional models were run for the 2030 forecast year for each alternative, and 
ridership and revenues were summarized and compared for each. 

The Pacheco Pass alignment alternatives are presented in Table 7.4.  These alter-
natives are not significantly better than the Pacheco base, but they are intended 
to determine if a certain alignment is better, so it is not expected that there would 
be significant increases or decreases in systemwide ridership.  The Palo Alto 
alternative (NP3) has similar ridership for the Palo Alto station compared to the 
Redwood City station, but the loss of riders at Morgan Hill results in an overall 
lower ridership.  The Henry Miller alignment (NP1) is preferred by riders to the 
GEA North alignment.  The Henry Miller alignment has quicker service between 
the Bay Area and Southern California, and while the GEA North alignment pro-
vides faster travel times between Sacramento and the Bay Area, it does not 
include the Merced station on these lines.  The King Street station (NP2) does not 
attract as many riders as the Transbay station in downtown San Francisco, as 
expected.  The downtown Modesto station (NP5) has higher ridership than the 
Briggsmore station (15 percent more), as expected, but it is not a large enough 
difference to affect systemwide ridership significantly.  The Castle Air Force Base 
(AFB) (NP6) is not as attractive to riders as the Merced downtown station 
(3 percent less), but again, not enough to make a significant difference to overall 
system ridership.  The 12th Street station in downtown Oakland (NP7) is pre-
ferred by riders to the 7th Street station (8 percent increase), but the overall rider-
ship is not as much as the Pacheco base, which goes to San Francisco. 

                                                      
11 California High-Speed Rail Authority, Draft Bay Area to Central Valley High-Speed Train 

(HST) Program Environmental Impact Report/ Environmental Impact Statement (EIR/EIS), 
June 2007. 
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Table  7.4 Pacheco Pass Alignment Alternative Results 

 Network Alternative Name and Description 
Annual 

Ridership 
Annual 

Revenues 

NP1 Pacheco to San Jose and San Francisco via GEA North 91,690,000 $3,066,000,000 

P1 service using GEA north instead of Henry Miller.  This adds Merced 
to local trains from Southern California to/from Bay Area. 

-2.3%* -1.0%* 

NP2 Pacheco to San Jose and San Francisco (King Street 
Station). 

91,310,000 $3,079,000,000 

P1 service terminating at 4th and King (Townsend St) rather than 
Transbay 

-2.7%* -0.6%* 

NP3 Pacheco to San Jose, Palo Alto, and San Francisco. 93,330,000 $3,090,000,000 

P1 service eliminating Morgan Hill and substituting Palo Alto for 
Redwood City. 

-0.6%* -0.3%* 

NP4 Pacheco to San Jose and San Francisco – BNSF Alignment 93,320,000 $3,079,000,000 

P1 service using BNSF alignment between Fresno and Merced. -0.6%* -0.6%* 

NP5 Pacheco to San Jose and San Francisco via downtown 
Modesto 

94,170,000 $3,107,000,000 

P1 using Modesto Downtown (13) instead of Briggsmore (40). 0.3%* 0.3%* 

NP6 Pacheco to San Jose and San Francisco via Castle AFB 93,860,000 $3,098,000,000 

P1 using Castle rather than downtown Merced (14). 0.0%* 0.0%* 

NP7 Pacheco to San Jose and Oakland (12th Street Station) 91,120,000 $3,007,000,000 

P2 using 12th Oakland City Center terminus instead of 7th Street; 
eliminates Warm Springs Station. 

-3.0%* -2.9%* 

Note: The NP5 and NP7 alternatives were inferred from a combination of the Pacheco base and an analy-
sis of the land uses surrounding the station options. 

*Percent Difference Compared to P1 Scenario. 

The Altamont Pass alignment alternatives are presented in Table 7.5.  These 
alternatives are not significantly better than the Pacheco base, but they are 
intended to determine if a certain alignment is better, so it is not expected that 
there would be significant increases or decreases in systemwide ridership.  The 
three alternatives comparing alternatives to the Bernal/I-680 alternative (NA1, 
NA2, and NA4) do not have higher ridership than the Bernal/I-680 station in the 
Altamont base.  The Tracy ACE station (NA3) is not as attractive to riders as the 
Tracy downtown station (30 percent lower).  The downtown Modesto station 
(NA5) has higher ridership than the Briggsmore station (13 percent more), as 
expected, but it is not a large enough difference to affect systemwide ridership 
significantly.  The Fremont Bridge alignment (NA6) ridership is the same as the 
Dumbarton Bridge crossing, because there is not a large enough difference in 
travel times to affect systemwide ridership.  The King Street station (NA7) does 
not attract as many riders as the Transbay station in downtown San Francisco, as 
expected (8 percent fewer riders).  The 12th Street station in downtown Oakland 
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(NA8) is preferred by riders to the 7th Street station (8 percent increase), but the 
overall ridership is not as much as the Pacheco base, which goes to San Francisco.  
The BNSF alignment (NA9) is not preferred by riders over the UP alignment in 
the base alternative from Merced to Fresno. 

Table  7.5 Altamont Pass Alignment Alternative Results 

 Network Alternative Name and Description 
Annual 

Ridership 
Annual 

Revenues 

NA1 Altamont to San Jose and San Francisco via Pleasanton 
BART 

86,530,000 $2,806,000,000 

Pleasanton Bart Station instead of Bernal/I-680. -1.6%* -1.3%* 

NA2 Altamont to San Jose and San Francisco via I-580/UPRR 
station 

84,510,000 $2,693,000,000 

I-580/UPRR station instead of Bernal/I-680. -3.9%* -5.3%* 

NA3 Altamont to San Jose and San Francisco via Tracy  
ACE station 

87,720,000 $2,846,000,000 

A1 using Trace ACE instead of Tracy downtown. -0.2%* 0.1%* 

NA4 Altamont to San Jose and San Francisco via Livermore 
downtown station 

86,500,000 $2,786,000,000 

A1 using Livermore downtown (34) instead of Pleasanton Bernal/I-680 
(35). 

-1.6%* -2.0%* 

NA5 Altamont to San Jose and San Francisco via Briggsmore 
station. 

87,600,000 $2,834,000,000 

A1 using Briggsmore/Modesto (40) rather than downtown Modesto 
(13). 

-0.4%* -0.4%* 

NA6 Altamont to San Jose and San Francisco via the Fremont 
Bridge 

87,910,000 $2,844,000,000 

A1 using Fremont Bridge instead of Dumbarton Bridge. 0.0%* 0.0%* 

NA7 Altamont to San Jose and San Francisco (King St station) 85,650,000 $2,771,000,000 

A1 terminating at 4th and King (Townsend St) instead of Transbay 
Transit Center. 

-2.6%* -2.6%* 

NA8 Altamont to San Jose and Oakland (12th St station) 90,420,000 $2,925,000,000 

A2 termination at Oakland 12th St City Center instead of West Oakland. 2.9%* 2.8%* 

NA9 Altamont to San Jose and Oakland – BNSF alignment 86,600,000 $2,802,000,000 

A1 using BNSF alignment instead of UP alignment between Merced 
and Fresno. 

-1.5%* -1.5%* 

Note: The NA5, NA7, NA8, and NA9 alternatives were inferred from a combination of the Altamont base 
and related Pacheco alternatives. 

*Percent difference compared to A1 Scenario. 
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7.4 COMBINED ALTAMONT AND PACHECO 
ALTERNATIVES 
Four alternatives were tested using a combination of the Altamont and Pacheco 
alignments.  These scenarios took advantage of the quicker route between the 
Bay Area and Southern California (Pacheco), as well as the quicker route 
between the Bay Area and Sacramento (Altamont).  The assumed number of 
train operations was increased to take advantage of the expanded rail network.  
The ridership for these alternatives is expected to be higher than other scenarios, 
both due to improved service, expanded number of stations, and an increase in 
the overall number of assumed trains.  The Altamont plus Pacheco base scenario 
performs better than both the Altamont and Pacheco Base scenarios (A1 and P1); 
however, the projected revenues for these scenarios do not.  The combined sce-
nario that terminates in San Jose, San Francisco, and Oakland (AP3) performs the 
worst out of this set.  Its service frequency suffers from train service being split 
three-ways upon arriving in the Bay Area. 

C001951



Bay Area/California High-Speed Rail Ridership and Revenue Forecasting Study 

Cambridge Systematics, Inc. 7-10

Table  7.6 Combined Altamont/Pacheco Alternative Results 
 Network Alternative Name and Description Annual Ridership Annual Revenues 

AP1 Altamont plus Pacheco to San Jose and San Francisco 96,150,000 $2,992,000,000,000 

From San Francisco to San Jose, this network alternative would use the existing Caltrain rail ROW.  From San Jose, 
this network alternative would use the Pacheco and Henry Miller (to the UPRR) alignment alternatives and the UPRR 
N/S alignment in the Central Valley.  From Redwood City, this network alternative would also cross the San Francisco 
Bay in the Dumbarton Corridor.  The Altamont Pass would use the UPRR alignment through downtown Tracy. 

2.4%* -3.4%* 

AP2 Altamont plus Pacheco to San Jose and Oakland 92,880,000 $3,065,000,000 

From Oakland to San Jose, this network alternative would use the Niles/I-880 alignment.  From San Jose, this 
network alternative would use the Pacheco and Henry Miller (to the UPRR) alignment alternatives and the UPRR N/S 
alignment in the Central Valley.  The UPRR alignment through Downtown Tracy would be used for the Altamont Pass. 

-1.1%** -1.1%** 

AP3 Altamont plus Pacheco to San Jose, Oakland, and San Francisco 87,810,000 $2,897,000,000 

From Oakland to San Jose, this network alternative would use the Niles/I-880 alignment.  From San Francisco to San 
Jose, this network alternative would use the existing Caltrain ROW.  From San Jose, this Network Alternative would 
use the Pacheco and Henry Miller (to the UPRR) alignment alternatives and the UPRR N/S alignment in the Central 
Valley.  The UPRR alignment through downtown Tracy would be used for the Altamont Pass 

-6.5%** -6.5%** 

AP4 Altamont_plus Pacheco to San Jose 89,790,000 $2,963,000,000 

From San Jose, this network alternative would use the Pacheco and Henry Miller (to the UPRR) Alignment 
alternatives and the UPRR N/S alignment in the Central Valley.  The Altamont Pass would use the UPRR alignment 
through downtown Tracy. 

-4.4%** -4.4%** 

Note: The AP2, AP3, and AP4 alternatives were inferred from a combination of related alternatives. 

*Percent Difference Compared to P1 Scenario. 

**Percent Difference Compared to AP1 Scenario. 
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8.0 Peer Review 
The purpose of the peer review panel was to provide technical guidance in the 
model design, model development, and forecasting of ridership and revenue for 
a statewide and Bay Area high-speed rail system.  The panel provided comments 
on the development and application of the models to the evaluation of high-
speed rail, suggested areas in which additional analyses were required, provided 
a review of basic assumptions and the design of alternatives to be tested, and 
commented on the interim and final results.  The peer review panel enhanced the 
credibility of the process by providing an objective and independent review of 
the models, assumptions, methodologies, and results. 

The peer review panel members included several members from the private 
sector, affected public agencies, and academics, as follows. 

• Frank Koppelman (Northwestern University); 

• Kostas Goulias (University of California, Santa Barbara); 

• David Valenstein (FRA); 

• Billy Charlton (SFCTA); 

• Gordon Garry (SACOG); 

• Keith Killough (SCAG); 

• Bill McFarland (SANDAG); 

• Mike Bitner (Fresno Council of Governments); 

• Tim Byrne (OCTA); 

• Brad McAllester (LAMTA); 

• Ayalew Adamu (Caltrans HQ); 

• Chris Brittle (MTC); 

• Kazem Oryani (URS); and 

• Jean-Pierre Arduin (Independent). 

There were a number of invited observers to the peer review panel meetings, 
including Malcolm Quint (BART), Carl Schiermeyer (Riverside County 
Transportation Commission), Jay Kim (LADOT), Laura Biery (City of Palmdale), 
and Beth Thomas (Caltrain). 
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There were two meetings of the peer review panel and a final review (being con-
ducted now), as follows. 

1. First peer review meeting in June 2005 was to review the model system 
design (Task 3), data collection plan (Task 4), and development of perform-
ance measures (Task 8); 

2. Second peer review meeting in June 2006 was to review the models devel-
oped (Task 5) and the network alternatives (Task 6); and 

3. Final peer review is being conducted now to review the ridership and reve-
nue forecasts (Task 8). 

The peer review summaries are described below. 

8.1 FIRST PEER REVIEW 
Cambridge Systematics hosted the first peer review panel meeting on June 8, 
2005, in Oakland, California.  There were four primary technical areas of work 
covered in the first peer review:  study work plan, model design, survey data 
collection, and performance measures. 

There were many discussions of the proposed approach to model design and 
data collection and development of performance measures discussed during the 
course of the peer review panel meeting.  In addition, there were a number of 
suggestions from peer review panel members that resulted in a change in the 
proposed approach or an agreement that further information was warranted 
before proceeding.  These were documented in the report12, but are summarized 
here with additional notes on the implementation of these recommendations: 

• Urban mode choice models were reviewed to consider using existing models 
adapted to include a high-speed rail mode, rather than developing a generic 
mode choice model for all urban areas in the State.  We implemented the peer 
review panel’s recommendation on using the existing urban mode choice 
models rather than developing a separate generic mode choice model. 

• The panel suggested that the study team consider a minimum travel time 
parameter (like 15 minutes) for high-speed rail to preclude short trips on this 
mode.  However, this parameter could cause unintended results when mod-
eling urban high-speed rail trips, and therefore was carefully reviewed.  This 
recommendation was not implemented as there were no issues with short, 
illogical high-speed rail trips. 

                                                      
12 Cambridge Systematics, Inc., Bay Area/California High-Speed Rail Ridership and Revenue 

Forecasting Study Findings from the First Peer Review Panel Meeting, prepared for 
Metropolitan Transportation Commission and the California High-Speed Rail 
Authority, July 2005. 
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• Urban area household travel surveys were reviewed to identify potential 
intercity trips that could be used to expand the California Household Travel 
Survey sample size.  In addition, the household survey data collection could 
be used to supplement these surveys.  This recommendation was imple-
mented and increased the overall survey sample size from 2,678 to 6,882 
surveys. 

• The proposed model validation year was 2005, but since some significant 
data sources are from the year 2000, changes between these years will need to 
be studied and understood.  The study team proposes to conduct separate 
validation tests for the year 2000 and 2005 data, rather than combining these 
datasets and tests.  Both the 2005 and 2000 data were prepared and reviewed, 
but there was not enough data for 2005 conduct a comprehensive model 
validation. 

• The study team should reallocate resources to increase the sample size of the 
new survey data collection to 2,500 samples for mode choice model devel-
opment.  The increase in survey sample size will be achieved by expanding 
the household auto travel survey to 1,450 surveys.  Air surveys will continue 
to have a sample size of 600 and rail surveys will have 450 samples.  This rec-
ommendation was implemented and the final number of completed surveys 
(2,678) exceeded the target of 2,500. 

• Survey questionnaires should be revised and resubmitted to the peer review 
panel working group.  In addition, the household pretest should be delayed 
to test these changes in the field.  Both of these recommendations were com-
pleted.  The survey questionnaires went through extensive review and revi-
sions with the peer review panel members and other members of the 
consulting team. 

• The study team should reconsider allocation of resources for the 2040 and 
2050 forecasts for the third peer review panel meeting.  This recommendation 
was implemented.  The sources of data for 2040 and 2050 were not detailed 
and the level of effort to develop 2040 and 2050 models was quite high, so it 
was felt that these forecasts could be reasonably generated using trend analy-
sis, rather than implementing a full set of models for these forecast years. 

• Performance measures should be reduced to provide a more limited set of 
robust measures for consideration.  SUMMIT analyses will not be used to 
estimate performance measures due to its limitations.  This recommendation 
was implemented and the performance measures were limited to those 
required for environmental documentation13. 

                                                      
13 California High-Speed Rail Authority, Draft Bay Area to Central Valley High-Speed Train 

(HST) Program Environmental Impact Report/ Environmental Impact Statement (EIR/EIS), 
June 2007. 
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The majority of the recommendations from the first peer review panel meeting 
were implemented and provided useful direction for the model development 
and forecasting activities. 

8.2 SECOND PEER REVIEW 
The purpose of the second peer review panel meeting was to provide technical 
guidance in the model specification and estimation, and on the forecasting 
assumptions.  The elements of the model reviewed at this meeting included the 
following:  review of model design, interregional travel models, forecast 
assumptions, and summary. 

There were two reports that were delivered to the peer review panel for review: 

1. Bay Area/California High-Speed Rail Ridership and Revenue Forecasting Study 
Interregional Model System Development, Cambridge Systematics, Inc., May 2006. 

2. Bay Area/California High-Speed Rail Ridership and Revenue Forecasting Study 
Level of Service Assumptions and Forecast Alternatives, Cambridge Systematics, 
Inc., May 2006. 

These reports were both updated based on comments from the peer review panel 
and consultant team members, and the final versions submitted in August 2006. 

There were a series of recommendations mentioned for consideration or 
inclusion into the modeling or forecasting approach.  These are described below 
with additional notes on the implementation of these recommendations. 

Model Development 
There were a series of recommendations by the peer review panel that were 
agreed to during the meeting, as follows. 

• We proposed consideration of estimating nonresident, high-speed rail travel 
by separating current air demand into resident and nonresident segments, 
and then assuming that nonresident mode shares for air and high-speed rail 
will mimic resident mode shares for air and high-speed rail.  This approach 
serves to include nonresident demand for high-speed rail directly and assists 
in the calibration of air demand by including only resident air demand.  We 
will review available data sources to estimate the resident/nonresident air 
demand shares to support this analysis.  This recommendation was not 
implemented due to time and resources constraints, but should be considered 
for future reference. 

• We should develop annualization factors from an evaluation of the high-
speed rail systems in operation around the world.  These annualization fac-
tors will allow us to predict annual ridership from our modeled estimates of 
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average weekday ridership.  This recommendation was implemented and 
documented in a separate technical memorandum14. 

• There were a series of recommended changes to the model development 
report, which should be included into the final model development report 
along with the final models.  These included changing the wording of the 
MPO and non-MPO market segments to large MPO and other regions market 
segments, showing distributions of data from model application rather than 
model estimation data, and revising mode choice model nests to reflect that 
the walk mode includes bike.  These recommendations were implemented. 

• We should finalize the trip frequency, destination, and mode choice models, 
which involve calculating the actual logsums from each lower-level model 
and using these data to re-estimate the logsum variable in the upper-level 
model (This will be done for trip frequency and destination choice.).  It also 
involves reviewing insignificant variables in each model to determine if we 
should drop them from the model specification, or if they add value to the 
models (and are logical) indicating that we should retain them.  These rec-
ommendations were implemented. 

There were also a series of recommendations by the peer review panel that were 
suggested for consideration.  These are described below, along with the final 
actions determined by subsequent meetings between the MTC, the CHSRA, and 
consultant team staff. 

• One peer review panel member requested that we consider replacing mode 
choice logsums in the urban distribution models to estimate the impacts of 
high-speed rail travel on urban trip lengths.  This request was considered, but 
would result in a high level of effort and is not expected to result in any sig-
nificant differences in high-speed rail ridership, so we did not pursue this 
recommendation.  This option can be pursued by MPOs wishing to evaluate 
this impact on their own urban models for those purposes (such as work) that 
are currently already incorporating mode choice logsums. 

• One peer review panel member asked us to consider changing the name of 
the trip frequency models to mobility models to indicate the relationship of 
these models to travel demand.  This was discussed further, but we con-
cluded that trip frequency was a common term understood by model devel-
opers in the U.S. and we should retain this terminology. 

• There was a substantive discussion about the need to include some measure 
of a reservation system or the convenience/inconvenience of having to make 
reservations ahead of time or at the station.  There were some responses that 

                                                      
14 Systra Consulting, Review of Overseas HSR Traffic Seasonality and Recommendations for 

California HSR Forecasting, prepared for Metropolitan Transportation Commission and 
the California High-Speed Rail Authority, September 8, 2006. 
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this type of information would not significantly influence travel behavior, 
and therefore would not warrant inclusion in the models.  In addition, these 
data were not collected in our surveys, so it would not be possible to include 
in the estimated models. 

Forecast Assumptions 
There were a series of recommendations by the peer review panel that were 
agreed to during the meeting, as follows: 

• One suggestion from the peer review panel was to increase the auto oper-
ating cost to include insurance and other items consistent with the Federal 
reimbursement policies.  After discussing this with the panel, we agreed that 
this would create auto operating costs that were too high, and that the 
research the MTC had done in creating the auto operating cost assumptions 
was sound and should be retained as is. 

• Another consideration from the peer review panel was to vary the cost inputs 
for auto operating cost by region.  After reviewing the northern and southern 
California gas prices, we concluded that this difference was not significant 
enough to warrant including separate auto operating costs by region. 

•  The high-speed rail fares were reviewed and revised according to a series of 
suggested relationships to air and conventional rail fares.  These fares were 
also reviewed in the context of the previous CHSRA fares used in prior rider-
ship evaluations and set according to the same assumptions.  These high-
speed rail fares were subsequently updated and were used as a starting point 
for ridership evaluations.  In addition, high-speed rail fares were tested 
during the sensitivity analyses. 

• The wait, terminal, and transfer time assumptions for rail and air modes were 
reconsidered following extensive discussion from the peer review panel.  In 
addition, we should test including the wait and terminal times by mode in 
the mode choice model during calibration as separate variables, so that 
changes in these policy variables can be tested.  This recommendation was 
implemented. 

• While the peer review panel felt that the inclusion of reliability measures was 
an important component of the models, there was much discussion on the 
specifics.  The reliability measure was refined to provide consistency across 
modes and was included with a more significant coefficient in the mode 
choice model, established during the model calibration phase. 

• Financially constrained and unconstrained plans for inclusion into the future 
baseline were discussed statewide.  There was consensus that financially con-
strained plans should be used, that the unconstrained plans were not neces-
sary to incorporate, and that all the projects identified were from financially 
unconstrained plans, except for SCAG.  The SCAG’s financially constrained 
plans were obtained and incorporated into the model. 
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• Sensitivity tests were proposed and discussed by the panel.  Two other tests 
were suggested (socioeconomic data and value of time), but were not consid-
ered to be necessary by the panel.  One test for more or less expensive elec-
tricity was eliminated, because it is not a significant portion of the operating 
cost for high-speed rail. 

8.3 THIRD PEER REVIEW 
The third peer review will be conducted individually with panel members rather 
than conducting a formal meeting of the panel.  This review will include 
reviewing the model validation and initial forecasting results.  Due to time con-
straints in the development of the forecasts, this review is just not being con-
ducted, but any comments or modifications to the models that are identified will 
be incorporated into future updates of the model and subsequent forecasts. 

C001960



 

9.0 Conclusions 

C001961



Bay Area/California High-Speed Rail Ridership and Revenue Forecasting Study 

Cambridge Systematics, Inc. 9-1 

9.0 Conclusions 
As is the case with most travel demand forecasting models of this magnitude, it 
is difficult to provide a summary at a single point in time, because the forecasting 
model is a dynamic tool that can and should be adapted and improved over time 
to provide additional insight on ridership and revenue forecasts for high-speed 
rail, but also to be a foundation for use in other types of regional and state plan-
ning projects.  The California Statewide High-Speed Rail Forecasting Model did 
successfully achieve its objectives in providing reliable, objective, and detailed 
ridership and revenue forecasts of high-speed rail for use in evaluating the envi-
ronmental impacts, as well as making route decision, operating plans, and finan-
cial plans. 

The model also succeeded in providing a foundation for future regional planning 
activities throughout the State, including the Regional Rail Study in the San 
Francisco Bay Area and the I-80 corridor growth study between Sacramento and 
San Francisco.  The model builds off the previous Caltrans Statewide Model and 
offers more accuracy and detail in the modeling components that was possible 
with the earlier version.  The primary difference is the inclusion of separate 
models for interregional and intraregional travel, which is a significant 
improvement because of the very different travel behavior associated with inter-
regional travel. 

While the California Statewide High-Speed Rail Forecasting Model did achieve 
the majority of the detailed design and objectives set out in the project, there 
were a series of smaller improvements to the model that were identified during 
model application that will be considered for possible future enhancements to 
the model.  These improvements will not impede the use of the current ridership 
and revenue forecasts, since they should have minimal effect on these, but may 
be useful if the model is used for another purpose (such as highway planning) or 
may be used to shed additional light on the results (such as more sensitivity 
tests) or may be used to make the models more user-friendly or efficient for 
future use.  These potential improvements are identified below for future consid-
eration, along with a summary of the ridership forecasts. 

9.1 RIDERSHIP FORECASTS 
There were 37 alternatives conducted to evaluate various network and alignment 
alternatives for the high-speed rail system in California.  These were designed 
primarily to identify the individual components of a preferred alternative (yet to 
be defined), so that future planning for high-speed rail can review these results 
and compare them to other environmental and cost factors in selecting the pre-
ferred operating and fare plans for high-speed rail. 

C001962



Bay Area/California High-Speed Rail Ridership and Revenue Forecasting Study 

9-2  Cambridge Systematics, Inc. 

In addition, there were dozens of sensitivity runs conducted to evaluate the 
impact of changes in level of service for high-speed rail, air, and auto modes on 
the high-speed rail ridership and revenues.  Nine of these sensitivity runs were 
reported herein to highlight the significant factors in achieving higher ridership 
for high-speed rail.  The two most significant factors tested for increasing high-
speed rail ridership and revenues were increasing high-speed rail frequencies 
and increasing air and auto costs. 

9.2 POTENTIAL MODEL IMPROVEMENTS 
There are many potential improvements to the California Statewide High-Speed 
Rail Forecasting Model that would both expand its capabilities to other applica-
tion, as well as improve model robustness.  Major improvements categories 
include interregional model enhancements, intraregional model enhancements, 
improved integration and usability, and expanded forecasting years. 

The Python code the interregional model is developed in could be sped up from 
its current run time.  This would make feedback loops between the congested 
highway times and the interregional model feasible.  In its present form, the 
model only predicts travel for households residing within California.  While 
residents comprise the majority of travel, a visitor/nonresident travel component 
would ensure that all potential travel within California was included.  The access 
egress mode choice models were calibrated on a high level.  Additional data and 
time would allow further calibration of these models. 

There are a number of improvements that could be made to the integration of the 
intraregional models with the interregional models, as well as with the intrare-
gional models themselves.  Both the MTC and SCAG intraregional models use 
high constants in their mode choice model to achieve base year calibration.  
However, the high constants dampen their sensitivity to level of service changes.  
There are a number of ways to address this issue, including revisiting the mode 
choice model structure and estimation.  In addition, if station options in the 
vicinity of San Diego are to be evaluated in detail, an intraregional model for this 
region should also be developed.  It also is possible to implement feedback loops 
between the statewide highway assignment and the intraregional models using 
auto skims.  This would increase the posterity between the interregional and 
intraregional models.  The integration of the interregional skims, interregional 
model, and the intraregional models could be coded into one Cube application to 
enhance usability and reduce the possibility of error. 

A number of things can be done to update the base year and extend the horizon 
years beyond 2030.  The base year could be updated to 2005.  This could include 
some further calibration and validation based on 2005 conditions.  The 2005 fore-
casts could be compared to the 2000 and 2030 forecasts.  A trend analysis could 
be developed for 2040 and 2050 forecasts.  Although the highway assignments 
were adequately validated for the purpose of high-speed rail forecasts, further 
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validation of the highway networks could be done to enable the model to be 
used for statewide highway forecasting. 
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283.0 / Ridership and Revenue

Because commuters choose their means of travel
in a different manner than intercity travelers (e.g.,
commuters typically value their time less than
intercity travelers), separate forecasts were made for
commute traffic on the high-speed train system. The
commuter forecasts where made using the regional
travel demand models developed and maintained by
agencies responsible for transportation planning in
the San Francisco, Los Angeles, and San Diego
regions.

Commuter Service and Fare Assumptions

Commuter service would be largely provided on
the local and suburban express trains serving the
intercity market, making stops at all high-speed train
stations within and near each metropolitan area.
Commuter service would be provided on four trains
per hour at each station during the three-hour morn-
ing and afternoon peak periods. During off-peak
periods, the commuter train frequency would be
one train per hour. The fare structure assumed for
commuter trips would be based on a $5.00 boarding
charge plus 6.2 cents per mile. The resulting fares
are somewhat higher than most commuter rail
services now operating in California, reflecting the
higher quality of service provided.

Forecasts of Commuter Patronage
and Revenue

Table 3.7 shows the projected annual and daily
ridership as well as annual revenue for commuter
trips on the high-speed system for 2020. Commuter
rail ridership is normally very downtown-oriented and
sensitive to the ease and cost of automobile parking
as well as highway congestion. The projected
commuter ridership is not insignificant. With almost
10 million passengers, commuter ridership would be
about 23 percent of the total ridership. Millions of
commuters would be brought quickly and efficiently
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Millions of commuters would be brought quickly and efficiently to the city-centers of
San Francisco, San Jose, Los Angeles and San Diego each year by high-speed trains.
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SUMMARY 

S.1 INTRODUCTION AND BACKGROUND 

The California High Speed Rail Authority (Authority) proposes a high-speed train (HST) system for 
intercity travel in California between the major metropolitan centers of Sacramento and the San Francisco 
Bay Area in the north, through the Central Valley, to Los Angeles and San Diego in the south.  The HST 
system is projected to carry as many as 68 million passengers annually by the year 2020.  The Authority 
adopted a final business plan (Business Plan) in June 2000, which examined the economic viability of a 
train system capable of speeds in excess of 200 miles per hour (mph) (322 kilometers per hour [kph]) on 
a fully grade-separated track, with state-of-the-art safety, signaling, and automated control systems.  
Following the adoption of the Business Plan, the Authority initiated this environmental review process for 
compliance with state and federal laws, in particular the California Environmental Quality Act (CEQA) and 
the National Environmental Policy Act (NEPA). 

The Authority is the project sponsor and the lead agency for purposes of the state CEQA requirements.  
The Federal Railroad Administration (FRA) is the federal lead agency for compliance under NEPA.  The 
Federal Highway Administration (FHWA), U.S. Environmental Protection Agency (EPA), U.S. Army Corps 
of Engineers (USACE), Federal Transit Administration (FTA), Federal Aviation Administration (FAA), and 
U.S. Fish and Wildlife Service (USFWS) are cooperating agencies for the federal environmental review 
process.  The Authority and the FRA, in consultation with the cooperating agencies, have determined that 
a program-level, or first tier, environmental review and document is appropriate for a statewide project of 
this scope.  The program environmental impact report/environmental impact statement (Program 
EIR/EIS) addresses the potential environmental impacts of the proposed HST system at a conceptual and 
planning level. 

If the Authority should decide to proceed with the proposed HST system after the completion of this 
Program EIR/EIS process, the Authority envisions seeking possible future federal financial support for the 
system that may be provided through the FRA, which is within the U.S. Department of Transportation 
(DOT).  The FRA and the DOT have several loan and loan guarantee programs that might be potential 
sources of future financial assistance.  Although no existing grant or federal bond financing programs 
currently provide such support, several proposals to create such programs are pending before Congress.  
In addition to possible funding, a Rule of Particular Applicability may be required from the FRA to 
establish safety standards for the proposed HST system for operating at speeds over 200 mph (322 kph) 
and for operations in shared-use rail corridors. 

This Final Program EIR/EIS analyzes a proposed HST Alternative and compares it with a No Project/No 
Action (No Project) Alternative and a Modal Alternative (potential improvements to the highways and 
airports serving the same intercity travel demand as the HST Alternative).  This Final Program EIR/EIS is 
being made available to the public in accordance with CEQA implementing guidelines and NEPA 
implementing regulations.  In this Final Program EIR/EIS, the Authority has identified and the FRA has 
concurred with preferred HST corridors/general alignments, general station locations, recommended 
mitigation strategies, recommended design practices and further measures to guide development of the 
HST system at the project level to avoid and minimize potential adverse environmental impacts.  Should 
the Authority advance the HST to the next stage of analysis, decisions made at the conclusion of the 
Program EIR/EIS process would focus subsequent phases of project development and environmental 
review on those alignment and station option most likely to yield acceptable site-specific solutions that 
best meet overall objectives for the proposed HST system. 
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S.2 STUDIES LEADING TO THE PROGRAM EIR/EIS 

Efforts to consider potential impacts on the environment from a proposed HST system were started as 
early as 1994 by the High Speed Rail Commission.  The Authority started its environmental effort in 1998 
with feasibility studies and community outreach to identify a wide range of technology and corridor 
alternatives to meet intercity travel needs linking major metropolitan areas in California. 

The Notice of Preparation (NOP) for this Program EIR/EIS was released April 6, 2001, and the Notice of 
Intent (NOI) was published in the Federal Register on May 2, 2001.  The scoping process was followed 
by a systematic screening analysis to define and narrow the range of alternatives to be considered in the 
Program EIR/EIS.  For the HST system, a wide range of alignment and station options were assessed 
using criteria reflective of the general purpose and need for the project and consistent with the Clean 
Water Act Section 404 alternatives analysis process.  Key criteria included: 

• Maximize ridership and revenue potential by serving key population centers. 

• Maximize intermodal connections with other transportation facilities. 

• Maximize compatibility with existing and planned land uses. 

• Minimize travel time to be competitive with other modes of travel. 

• Minimize operating and capital costs. 

• Minimize impacts on natural resources (such as wetlands, wildlife corridors, habitat for special-status 
species, and floodplains) and farmlands. 

• Minimize adverse social and economic impacts.  

• Minimize impacts on parks and cultural resources. 

• Avoid areas with geologic/seismic and soils constraints. 

• Avoid areas with potential hazardous materials. 

Constructability and practicability of alignments were also considered in terms of the extent of tunneling, 
construction issues, capital costs, and right-of-way constraints. 

The system-wide alternatives carried forward for environmental evaluation in the EIR/EIS are the No-
Project, Modal and HST Alternatives.  The screening process identified the HST corridors, alignment 
options, and station locations to be removed from further analysis and those to carry forward for analysis 
in this Program EIR/EIS. 

S.3 PURPOSE OF AND NEED FOR A HIGH-SPEED TRAIN SYSTEM IN CALIFORNIA 

The purpose of the proposed HST system is to provide a reliable mode of travel, which links the major 
metropolitan areas of the state and delivers predictable and consistent travel times.  Further objectives 
are to provide an interface with commercial airports, mass transit, and the highway network and to 
relieve capacity constraints of the existing transportation system as intercity travel demand in California 
increases, in a manner sensitive to and protective of California’s unique natural resources.  The system 
needs to be practicable and feasible as well as economically viable.  The system should maximize the use 
of existing transportation corridors and rights-of-way, be implemented in phases, and be completed by 
2020. 

The number of passengers traveling between cities in California is forecasted to increase up to 63% over 
the next 20 years, from 155 million passengers to as many as 253 million passengers.  The state’s 
population is projected to increase by 31% by 2020, with the highest growth rate expected in the Central 
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Valley and the greatest increase in population expected in the Los Angeles metropolitan area.  The need 
for improved intercity transportation is demonstrated by the insufficient capacity of the existing 
transportation system to meet current and expected future travel demand.  The need is also reflected in 
poor air quality, impaired travel reliability, and increased travel congestion and longer travel times.  The 
interstate highway system and commercial airports serving the intercity travel market are currently 
operating at or near capacity in major parts of the system.  In order to meet existing travel demand and 
future growth over the next 20 years and beyond, the highway and airport systems will require large 
public investment for maintenance and expansion. 

S.4 ALTERNATIVES, INCLUDING HIGH-SPEED TRAIN 

The Program EIR/EIS evaluates the No Project, Modal, and HST Alternatives ability to meet the same 
travel demand, a “representative demand” for intercity travel that is equivalent to the higher end figures 
expected for ridership on the HST system in 2020, according to the sensitivity analysis completed for the 
Authority’s Business Plan.  The “representative demand” comprises an estimated total of 68 million 
annual passengers, 58 million intercity passengers and 10 million long distance commuters.  Potential 
improvements or expansion of facilities are defined in both the Modal and HST Alternatives that would 
provide equivalent capacity to meet the “representative demand”, regardless of funding potential.  

S.4.1 No Project Alternative 

The Draft Program EIR/EIS compares the No Project, Modal, and HST Alternatives (Figure S.4-1).  For 
the No Project Alternative, both existing and future conditions (2020) are considered.  The No Project 
Alternative represents the state’s transportation system (highway, air, and conventional rail) as it existed 
in 1999–2000 and as it would be in 2020 with the addition of transportation projects currently 
programmed for implementation (already in funded programs/financially constrained plans) according to 
the State Transportation Improvement Program (STIP), regional transportation plans (RTPs) for all 
modes of travel, airport improvement plans, and intercity passenger rail plans. 

The No Project Alternative addresses the geographic area serving the same intercity travel market as the 
proposed HST Alternative (generally, from Sacramento and the San Francisco Bay Area, through the 
Central Valley, to Los Angeles and San Diego).  This alternative satisfies the statutory requirements under 
CEQA and NEPA for an alternative that does not include any new action or project beyond what is already 
committed. 

As with all of the alternatives, the No Project Alternative is assessed herein for how it would satisfy the 
purpose and need and objectives regarding congestion, safety, reliability, and travel times.  It is also 
evaluated for potential adverse impacts on the environment, and this information is used to compare the 
No Project Alternative with the potential impacts of the Modal and HST Alternatives. 

S.4.2 Modal Alternative 

There are currently two primary modes of intercity travel between the major urban areas of Oakland/San 
Francisco, San Jose, Sacramento, the Central Valley, Los Angeles, and San Diego:  vehicles on the 
interstate highway system and state highways, and commercial airlines.  Automobile and air 
transportation account for over 98% of the intercity travel in California.  Conventional passenger trains 
(Amtrak) on freight and/or commuter rail tracks and buses provide secondary modes of intercity travel.  
The Modal Alternative serves the markets identified for the HST Alternative.  The Modal Alternative 
consists of possible or hypothetical potentially feasible expansions of highways and airports in order to 
reduce the potentially greater environmental impacts that would result from new facilities. 

The Modal Alternative is described as a set of hypothetical improvements representing a possible 
response to projected intercity travel demand that will not be met by the No Project Alternative. The 
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improvements described for each Modal Alternative component are capacity oriented (e.g., additional 
traffic lanes for highways with associated interchange reconfiguration and ramp improvements; additional 
gates and runways for airports).  Overall, the highway improvements assumed under the Modal 
Alternative represent a total of over 2,970 additional lane miles (mi) (4,780 lane kilometers [km]).  Two 
additional highway lanes would be required on most intercity highways, and as many as four additional 
lanes would be needed to meet forecasted demand in certain segments.  Projected airport improvements 
would include over 90 new gates and five new runways statewide. 

This Program EIR/EIS does not in any way recommend, endorse, or suggest that these improvements 
could or should be implemented at specific highways or airports.  Neither is it assumed that an HST 
system would negate the potential need for some expansion of highways and airports in the state.  The 
analysis of operations and travel conditions shows that automobile travel time, even with the highway 
improvements proposed under the Modal Alternative, would increase between San Francisco and Los 
Angeles from the current 6 hours (hrs) and 54 minutes (min) under the No Project in 2003 to 7 hrs and 
24 min under the Modal Alternative in 2020.  The estimated cost to implement the Modal Alternative 
would be over $82 billion. 

S.4.3 High-Speed Train Alternative 

The High-Speed Train Alternative represents the proposed action, was identified as the preferred system 
alternative in the Draft Program EIR/EIS, and is identified as the environmentally preferred alternative 
under NEPA as well as the environmentally superior alternative under CEQA.  The development of the 
HST Alternative involved consideration of a range of potential HST technologies, corridors, and alignment 
and station options within the corridors.  Informed by previous studies and the scoping process, the 
Authority and the FRA evaluated potential HST corridors and defined those that would best meet the 
purpose of the proposed system.  Through the screening process, reasonable and feasible technology, 
and alignment and station options were identified for analysis in this Program EIR/EIS.  The general HST 
corridors and study regions are shown in Figure S.4-2.  Following release and circulation of the Draft 
Program EIR/EIS and after review of comments received, the Authority identified a preferred set of HST 
alignments and stations that are described in this Final Program EIR/EIS.  

State-of-the-art, electrically powered, high-speed, steel-wheel-on-steel-rail technology is being 
considered for a proposed system that would serve the major metropolitan centers of California, 
extending from the San Francisco Bay Area and Sacramento, through the Central Valley, to Los Angeles 
and San Diego.  State-of-the-art safety, signaling, and automated train-control systems would be used.  
By 2020, the proposed service would include approximately 86 weekday trains in each direction to serve 
the study area intercity travel market, with 64 of the trains running between northern and southern 
California and the remaining 22 trains serving shorter distance markets.  Most passenger service is 
assumed to run between 6:00 a.m. and 8:00 p.m.  The proposed system would be capable of speeds in 
excess of 200 mph (322 kph), and the projected travel times would be designed to compete with air and 
auto travel.  For example, the projected travel time by HST between San Francisco and Los Angeles 
would be just under 2 hrs and 30 min, and between Los Angeles and San Diego it would be just over one 
hour.  The route representing the highest return on investment from the Authority’s Business Plan is used 
to represent the HST Alternative for general comparison and evaluation with the other system 
alternatives.  This representative system was forecast to carry between 42 and 68 million passengers in 
2020, with the potential to accommodate higher ridership by adding trains or using longer trains.  For a 
conservative assessment of potential environmental impacts, the higher ridership forecast is used in 
describing the proposed HST Alternative and its impacts, and is referred to in the Program EIR/EIS as the 
“representative demand” ridership.  However, for resource topics where the high-end ridership forecasts 
would result in potential benefits (e.g., energy, air quality, and travel conditions), additional analysis is 
included to address the impacts associated with the low-end forecasts. 
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The proposed HST Alternative includes several corridor/alignment and station options.  A steel-wheel-on-
steel-rail electrified train is proposed, primarily on exclusive track with small portions of the route on 
shared track with other passenger rail operations.  The train track would be at grade, in an open trench 
or tunnel, or on an elevated guideway, depending on terrain and physical constraints.  To reduce 
potential environmental impacts, extensive portions of many of the alignment options are within or 
adjacent to existing rail or highway right-of-way, rather than on new alignment.  Tunnel segments of the 
alignment are proposed through the mountain passes (Diablo Range/Pacheco Pass between south San 
Jose and the Merced, and the Tehachapi Mountains between Bakersfield and Sylmar). 

The cost to implement the representative HST train system, which reflects a similar network of alignment 
and station options to that presented in the Authority’s Business Plan, is estimated to range between 
$33 billion and $37 billion (2003 dollars), depending on the alignment and station options selected.  The 
cost estimate includes right-of-way, track, guideway, tunneling, stations, and mitigation. 

S.4.4 Areas of Controversy 

In considering a choice of alignment and station options should the HST system be advanced for further 
consideration, the Authority would take into account potential impacts on natural resources, cost, effects 
on travel time and ridership, and public and agency input.  Other choices the Authority might be 
responsible for should the HST system be advanced for further consideration would involve possible 
modifications to alignments by using more costly designs and construction techniques (e.g., tunnels and 
elevated guideways) or by moving the location of the alignment to avoid or minimize impacts on sensitive 
resources.  The following are the principal areas of controversy from public and agency comments. 

A. NORTHERN MOUNTAIN CROSSING 

The removal during screening of the Altamont Pass corridor from further consideration for the HST 
Alternative in the Bay Area to Merced region has prompted many questions.  The key difference 
between this corridor and those carried forward for analysis in the Program EIR/EIS is how they 
would serve Bay Area populations, and particularly how the HST system would operate in this region.   
Many comments were received urging further evaluation of the Altamont Pass as a potential 
alignment option.  Federal agency comments and others noted the limitations of available 
environmental resource information regarding the Diablo Range mountain crossing.  Therefore, in 
consideration of the concerns regarding this mountain crossing, a broad corridor between the Bay 
Area to Merced that includes the Altamont Pass Corridor (I-580) has been identified as part of the 
preferred HST Alternative.  Subsequent to this Program EIR/EIS, the Authority and FRA intend to 
undertake further study to select a preferred HST alignment within this broad corridor. 

B. SOUTHERN MOUNTAIN CROSSING 

In the Bakersfield to Los Angeles Region, the Antelope Valley communities are actively seeking to 
have the HST serve the Antelope Valley area and to connect with the Palmdale Airport (a key hub for 
bus, auto, commuter rail).  Compared to the more direct Interstate 5 (I-5) alignment, the Antelope 
Valley State Route 58 (SR-58)/Soledad Canyon alignment option would add travel time (10–12 
minutes) between Bakersfield and Los Angeles and would have less potential for intercity ridership.  
However, the Antelope Valley SR-58/Soledad Canyon could provide superior connectivity and 
accessibility to the Antelope Valley and would have a higher potential for serving long-distance 
commuters to Los Angeles. While the SR-58/Soledad Canyon alignment would be 33–36 mi (53–58 
km) longer, it would require less tunneling than the I-5 options and is estimated to have 
approximately the same capital cost.  

Following receipt of comments on the Draft Program EIR/EIS and further review of southern 
mountain crossing tunneling and seismic issues, the Authority identified the SR-58/Soledad Canyon 
alignment option as preferred.  The limited constructability of the I-5 alignment option combined with 
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a high risk of seismic impacts makes it likely that the I-5 alignment option would be impracticable.  
Regulatory agency comments have expressed concern about water resources in Soledad Canyon and 
potential impacts to wildlife.  However, there is the opportunity to explore avoidance of Soledad 
Canyon at the project level and this option would have less potential impact on parklands than I-5.  

C. IMPACTS ON PUBLIC PARKS, WILDLIFE AREAS, AND RECREATION RESOURCES 

Environmental groups and resource agencies have expressed concern over potential HST impacts on 
public parks, wildlife habitat, and wildlife movement corridors.  Numerous comments were received 
that about the potential for the HST to have adverse effects on wildlife movement and sensitive 
habitats. There has been particular concern over the Diablo Range HST alignment options, especially 
the two that go through Henry Coe State Park.  Concerns have been expressed regarding potential 
impacts on Henry Coe State Park and potential impacts from bisecting areas north of the park.  
Concerns were raised regarding the potential for impacts on aquatic resources of national importance 
along Orestimba Creek.  Concerns have been expressed regarding the east Bay Area design option 
through Don Edwards San Francisco Bay National Wildlife Refuge.  In Southern California, there have 
been a considerable number of comments received regarding potential impacts to the Taylor Yard 
and Cornfield properties owned by California State Parks in the Sylmar to Los Angeles corridor.  The 
California Department of State Parks and the State Parks Foundation have also raised concerns 
regarding potential impacts to a wide group of State parks.   

The development of high-speed rail HST alignment and station options for the Program EIR/EIS 
included an extensive screening analysis in which many alignment and station options were 
eliminated from further consideration due according to several criteria including high potential for 
impacts on natural, park and recreational resources.   The remaining alignment and station options 
were analyzed for their potential to impact the environment in the Program EIR/EIS to identify and 
compare potential impacts.  Decisions made at the conclusion of the Program EIR/EIS would 
eliminate lesser options focus project-level environmental reviews on those alignment and station 
options most likely to yield acceptable site-specific solutions that best meet overall objectives.  In this 
process, many additional alignment and station options were also eliminated from further 
consideration based on several criteria, including potential impacts on park and recreational 
resources. The preferred HST alignments and stations are principally along already disturbed 
transportation corridors thereby avoiding and minimizing many potential adverse effects to waters, 
wildlife, habitat and parklands.  The broad corridor that has been identified as preferred for future 
investigation of the Northern Mountain Pass allows for avoidance of Henry Coe State Park1  and the 
“Hayward Line to I-880” that avoids impacts to Don Edwards San Francisco Bay Wildlife Refuge has 
been identified as the preferred alignment between Oakland and San Jose.  In addition, the Authority 
has identified a relatively wide corridor within which alignment variations will be studied at the 
project level for the preferred HST option between Burbank and Los Angeles Union Station. 

The preferred high-speed rail alignment would not “run through” any State Parks.  Only five State 
Parks are within 900 feet of the over 700-mile long preferred high-speed rail alignment: San Luis 
Reservoir State Recreation Area, Old Town San Diego, Colonel Allensworth, Taylor Yard, and 
McConnell State Recreation Area. The San Luis Reservoir State Recreation Area is within a broad 
corridor between the Bay Area and the Central Valley identified for further investigation.  This 
corridor is generally bounded by the Pacheco Pass (SR-152) to the south and the Altamont Pass (I-
580) to the north.  The high-speed rail alignments studied as part of the Program EIR/EIS did not go 
through San Luis Reservoir State Recreation Area and any further analysis in this area will focus on 
alignment options that avoid impacts to this, and other State Parks.  For the other four State Parks, 
the proposed high-speed rail alignment would be within existing, heavily used rail corridors, adjacent 
to the State Parks.  The Authority and FRA believe that use of these existing rail corridors minimizes 

                                                
1 The Authority will not pursue alignment options Henry Coe State Park. 
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6 HIGH-SPEED TRAIN ALIGNMENT OPTIONS COMPARISON 

6.1 INTRODUCTION 

6.1.1 Purpose and Content of this Chapter 

The purpose of this chapter is to summarize and compare the physical and operational characteristics and 
potential environmental consequences associated with the high-speed train (HST) alignment and station 
options.  The comparison focuses on subject areas in which there are relative differences among the 
potential impacts of the various HST station and alignment options in each segment of the proposed 
system.  This chapter summarizes potential environmental consequences for each alignment comparison 
for the environmental resource areas where relative differences were identified.  (Refer to Chapter 3, 
Affected Environment, Environmental Consequences, and Mitigation Strategies, for a comprehensive 
presentation of potential environmental consequences in each environmental resource area.) 

For many of the environmental topics discussed in this chapter, the quantities presented represent areas 
within which potential impacts might occur.  For example, the area of floodplains includes all floodplains 
within 100 feet (ft) (30.5 meters [m]) of either side of the centerline of the alignment considered; 
whereas the right-of-way necessary for the improvements considered is smaller (e.g., only 25 ft [7.6 m] 
on either side of the centerline for the HST Alternative).  Therefore the magnitude of potential impacts 
reported in this document is considerably larger than the actual impacts that would be expected from 
either the HST or Modal Alternative. 

6.1.2 Organization of this Chapter 

This chapter is organized by study region.  From north to south, the five study regions are Bay Area to 
Merced, Sacramento to Bakersfield, Bakersfield to Los Angeles, Los Angeles to San Diego via Inland 
Empire, and Los Angeles to San Diego via Orange County (LOSSAN).  For each region, the alignment 
option comparisons are presented in tabular form by segment.  The station options are presented 
individually and compared where multiple options are considered for the same general station area.  The 
alignment and station options are briefly described in the tables and illustrated on the associated maps.  
For each alignment comparison, the following summary information is presented and compared where 
relative differences were identified. 

• Physical/operational characteristics. 

• Alignment.  

• Length. 

• Capital cost. 

• Travel time. 

• Ridership. 

• Constructability. 

• Operational issues. 

• Potential environmental impacts. 

• Transportation and related topics (air quality, noise and vibration, and energy). 

• Human environment (land use and community impacts, farmlands and agriculture, aesthetics and 
visual resources, socioeconomics, utilities and public services, hazardous materials and wastes).  
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• Cultural resources (archaeological resources, historical properties) and paleontological resources.  

• Natural environment (geology and seismic hazards, hydrology and water resources, and 
biological resources and wetlands). 

• Section 4(f) and 6(f) resources (certain types of publicly owned parklands, recreation areas, 
wildlife/waterfowl refuges, and historical sites). 
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6.2 BAY AREA TO MERCED REGION 

This region includes central California from the San Francisco Bay Area (San Francisco and Oakland) south to the Santa Clara Valley and east 
across the Diablo Range to the Central Valley. 

6.2.1 Bay Area to Merced Alignment Options 

A. SAN FRANCISCO TO SAN JOSE ALIGNMENT OPTIONS 

All information presented is for the area from San Francisco to San Jose.  This segment is shown in Figure 6.2-1. 

 Caltrain Corridor 

Physical/Operational Characteristics 

Alignment Description From San Francisco to San Jose, this alignment would use the existing Caltrain rail right-of-way.  This option assumes 
that the HST would share tracks with express Caltrain commuter trains.  The entire alignment would be four tracks and 
completely grade separated.  Station options considered in this segment include Transbay Terminal, 4th and King, 
Millbrae, Redwood City, Palo Alto, and San Jose Diridon. 

Length in miles (km) 47–48 mi (76–77 km) 

Cost (dollars) $3.54 billion1

Travel Time (min) 27–30 min (depending on terminal station) 

Ridership This alignment would directly serve downtown San Francisco and San Francisco International Airport (SFO) and would 
have high ridership and revenue potential.  Downtown San Francisco to downtown Los Angeles HST travel times could 
be accomplished in less than 2.5 hrs. 

Constructability Maintaining operations on the existing commuter rail service while constructing grade separations, tunnels, elevated 
sections, and stations would involve major construction issues/challenges.  However, the infrastructure improvements 
could be constructed incrementally. 

Operational Issues Average speed = 104 mph (167 kph) 

Maximum speed = 93–124 mph (150–200 kph) 

HST operations would need to be coordinated and integrated with Caltrain service.  The two middle tracks would be 
shared by HST and Caltrain, so some of the line capacity would be used for commuter services.  Sharing tracks with 
commuter trains could increase the potential for HST delays. 

                                                 
1 Includes terminal at 4th and King.  Does not include segment cost from 4th Street to Transbay Terminal or station cost for the Transbay Terminal. 
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 Caltrain Corridor 

Potential Environmental Impacts 

Travel Conditions The Caltrain corridor alignment would bring direct HST service up the San Francisco Peninsula to downtown San 
Francisco with potential stations in downtown San Francisco, at SFO (Millbrae), a mid-Peninsula station at either 
Redwood City or Palo Alto, and a potential San Jose International Airport (SJC) link at Santa Clara.  This alignment 
would increase connectivity and accessibility to San Francisco, the Peninsula, and SFO, the hub international airport for 
northern California.  The HST system would provide a safer, more reliable, energy efficient intercity mode along the 
San Francisco Peninsula while improving the safety, reliability, and performance of the regional commuter service.  The 
HST alignment would greatly increase the capacity for intercity and commuter travel and reduce existing automobile 
traffic.  The fully grade-separated Caltrain corridor would improve local traffic flow and reduce air pollution at existing 
rail crossings. 

Noise and Vibration:2  High, 
medium, or low potential impacts 

Medium potential impacts.  Dense urban area surrounding land uses. 

The HST would travel at speeds less than 125 mph (201 kph) along this alignment.  There would be an increase in 
noise levels due to increased frequency of trains.  There would be a reduction in noise levels due to the elimination of 
horn noise and gate noise from existing services as a result of the grade separations at existing grade crossings.  

Land Use and Planning, 
Communities and Neighborhoods, 
Property, and Environmental 
Justice 

Compatibility:  Highly compatible 

Environmental Justice:  Low potential minority population impacts 

Community:  Low potential impacts 

Property:  Low potential impacts 

 

Alignment would be almost completely within the existing Caltrain right-of-way. 

Aesthetics and Visual Resources:  
Number of potential viewing points 
and potentially high contrast/impact 
areas 

Low potential impacts.  

 

Shared use of existing Caltrain right-of-way would reduce potential visual impacts.  Elevated portions of alignment 
would have potential visual impacts. 

Cultural Resources and 
Paleontological Resources:3  
Potential presence of historical 
resources in area of potential effect 

22–23 known cultural resources 

 

It is estimated that the Caltrain alignment (established in the 1860s) has many historical resources and historical 
districts. 

                                                 
2 Generally, vibration is not a significant impact.  However, sensitive and specific areas, such as historical structures and special habitats, may be affected. 
3 The archaeological area of potential effect is defined as 500 ft (152 m) on each side of the alignment centerline for new routes requiring additional right-of-way, and 100 ft (30 m) 
on each side of the centerline for routes along existing highways and railroads, where very little additional right-of-way would be required.  The study area for paleontological 
resources is defined as 100 ft (30 m) on each side of alignment centerline. 
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 Caltrain Corridor 

Hydrology and Water Resources: 
Potential impacts and associated ac 
(ha) of floodplains and linear ft (m) of 
streams within potential impact study 
areas, ac (ha) lakes/other water 
bodies within study areas. 

Floodplains:4  200 ac (81 ha) 

Streams:5  1,000 linear ft (305 linear m) 

Lakes5:  0 ac (0 ha) 

 

The stream crossings encroached upon by the existing Caltrain right-of-way are channeled and highly developed.  
Alignment would be almost completely within the existing Caltrain right-of-way. 

Biological Resources Including 
Wetlands  Ac (ha) of wetland and ac 
(ha) of special-status species habitat 
and number of special status species 
within potential impact study areas  

Wetlands5:  0.1 ac (0.04 ha) 

Habitat5:  91 ac (37 ha) 

Species: 6 

 

Shared use of existing Caltrain right-of-way would reduce potential wetlands and wildlife impacts.  Alignment would be 
almost completely within the existing Caltrain right-of-way. 

Section 4(f) and 6(f) Resources:6  
Number of resources rated high 
potential direct effects  

Resources rated high:  0 

 

Few potential impacts if any expected because alignment is almost completely within existing right-of-way.  

 

                                                 
4 The study area is defined as 100 ft (30 m) on each side of the alignment centerline. 
5 The study area is defined as a total of 50 feet (25 feet on each side of alignment centerline), per representative impact analysis. 
6 The 4(f) and 6(f) resources study area is defined as 900 ft (274m) on each side of the alignment centerline.  
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B. OAKLAND TO SAN JOSE ALIGNMENT OPTIONS 

All information presented is for the area from Oakland to San Jose.  This segment is shown in Figure 6.2-2. 

 Hayward/Niles/Mulford Line Hayward Line to I-880 

Physical/Operational Characteristics 

Alignment Description This is the alignment currently used by the Capitol intercity 
rail service.  From Oakland, this alignment would travel 
south along the Union Pacific Railroad (UPRR) Hayward Line 
to the UPRR Niles Line (Union City to Newark) and then 
onto the UPRR Mulford line (Newark to San Jose).  Station 
options considered in this segment include West Oakland, 
12th Street, Coliseum BART Station, Union City, Auto Mall 
Parkway, and San Jose Diridon. 

From Oakland, this alignment would travel south 
following the UPRR Hayward rail line and then 
transition to the median of I-880.  Between Fremont 
and San Jose, the alignment would be primarily on an 
aerial structure in the freeway median.  Station options 
considered in this segment include West Oakland, 12th 
Street, Coliseum BART Station, Union City, and San 
Jose Diridon. 

Length in miles7 (km) 46 mi (74 km) 42 mi (68 km) 

Cost8 (dollars) $3.16 billion $3.30 billion 

Travel Time9 (min) 27 min 21 min 

Ridership Would have less potential ridership than the I-880/Hayward 
Line option. 

Shortest travel times and highest ridership potential. 

Constructability Major construction issues associated with construction 
through Don Edwards San Francisco Bay National Wildlife 
Refuge (Don Edwards Wildlife Refuge). 

Major construction issues associated with constructing 
columns and footings in the wide median of I-880 
(between San Jose and Fremont), and the tunnel under 
the lake in Fremont Central Park. 

Operational Issues Average speed = 101–103 mph (163–166 kph) 

Maximum speed = 124–155 mph (200–249 kph) 

Greater potential for shared tracks with Capitol Rail Service.  
Potential conflict with UPRR freight access and operations. 

Average speed = 116–120 mph (187–193) 

Maximum speed = 124–155 mph (200–249 kph) 

Potential conflict with UPRR freight access and 
operations from Oakland to Union City. 

                                                 
7 Includes West Oakland terminal station. 
8 Includes West Oakland terminal station. 
9 Includes West Oakland terminal station. 
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 Hayward/Niles/Mulford Line Hayward Line to I-880 

Potential Environmental Impacts 

Travel Conditions The Hayward/Niles/Mulford Line is a longer route and has 
tight curves that severely restrict speeds between Fremont 
and Union City.  The line would serve additional potential 
station sites at Fremont (Auto Mall Parkway) and SJC (Santa 
Clara). 

 

The Oakland to San Jose alignments would bring direct HST 
service up the East Bay to Oakland with potential stations in 
Downtown Oakland or West Oakland, at Oakland 
International Airport (OAK) (Oakland Coliseum), and a 
potential southern Alameda County station at either Union 
City or Fremont (Auto Mall Parkway).  These alignments 
would increase connectivity and accessibility to Oakland, the 
East Bay, and OAK.  The HST system would provide a safer, 
more reliable, energy efficient intercity mode directly to the 
East Bay while improving the safety, reliability and 
performance of the existing Capitol intercity service 
(Sacramento to San Jose via I-80) through grade separation 
improvements between Oakland and San Jose.  The HST 
alignment would increase the capacity for intercity travel in 
the East Bay and reduce highway congestion.  Grade 
separations on the existing adjacent Mulford Line would 
improve traffic flow and reduce air pollution at existing 
grade crossings. 

The I-880 alignment would provide shorter travel times 
to connect the HST system to the East Bay compared 
to the Mulford Line.  For all potential markets to 
Oakland, the I-880 corridor would permit express and 
local travel times of about 6 min less than the Mulford 
Line.  Travel times for the I-880 corridor between 
Oakland and Los Angeles could be 2 hrs 18 min, 
compared to at least 2 hrs 24 min for the Mulford Line. 

 

The Oakland to San Jose alignments would bring direct 
HST service up the East Bay to Oakland with potential 
stations in Downtown Oakland or West Oakland, at 
OAK (Oakland Coliseum), and a potential South 
Alameda County station at either Union City or Fremont 
(Auto Mall Parkway).  These alignments would increase 
connectivity and accessibility to Oakland, the East Bay, 
and OAK.  The HST system would provide a safer, more 
reliable, energy efficient intercity mode directly to the 
East Bay while improving the safety, reliability and 
performance of the existing Capitol intercity service 
(Sacramento to San Jose via I-80) through grade 
separation improvements between Oakland and Union 
City.  The HST alignment would greatly increase the 
capacity for intercity travel in the East Bay and reduce 
highway congestion. 

Noise and Vibration:10  High, 
medium, or low potential impacts 

Medium potential impacts.  Potential impacts on wildlife at 
Don Edwards Wildlife Refuge.   

 

There would be an increase in noise levels due to increased 
frequency of trains.  There would be a reduction in noise 
levels due to the elimination of horn noise and gate noise 
from existing services as a result of the grade separations at 
existing grade crossings. 

High potential impacts.   

 

Would add noise to the grade-separated highway 
corridor through densely populated communities. 

                                                 
10 Generally, vibration is not a significant impact. However, sensitive and specific areas, such as historical structures and special habitats, could be affected. 

 

 
CALIFORNIA HIGH SPEED RAIL AUTHORITY 

 
 

U.S. Department 
of Transportation 
Federal Railroad 
Administration 

Page 6-7

 
C021993



California High-Speed Train Final Program EIR/EIS High-Speed Train Alignment Options Comparison 

 Hayward/Niles/Mulford Line Hayward Line to I-880 

Land Use and Planning, 
Communities and Neighborhoods, 
Property, and Environmental 
Justice 

Compatibility:  Inconsistent with park use at Don Edwards 
Wildlife Refuge 

Environmental Justice:  Low potential minority population 
impacts 

Community:  No potential impacts 

Property:  Low potential impacts 

Compatibility:  High compatibility 

Environmental Justice:  Low potential minority 
population impacts 

Community:  Low potential impacts 

Property:  High potential impacts 

Aesthetics and Visual Resources:  
Number of potential viewing points 
and high contrast/impact areas 

High potential impacts.  Four viewing points through historic 
town of Niles.  

 

High contrast of elevated guideway with historic towns 
(Niles and Alviso) and scenic canyon (Niles).  Potential 
impacts on Don Edwards Wildlife Refuge. 

Medium potential impacts.  Aerial structure in median 
of I-880. 

Cultural Resources and 
Paleontological Resources:11  
Potential presence of historical 
resources in area of potential effect 

22–23 known cultural resources. 

 

Both options have high percentages of historical 
development and apparent potential to affect historical 
architecture.  The Hayward/Niles/Mulford line would 
potentially impact the Alviso Historical District. 

22–23 known cultural resources. 

 

Both options have high percentages of historical 
development and apparent potential to affect historical 
architecture. 

Hydrology and Water 
Resources:Potential impacts and 
associated ac (ha) of floodplains and 
linear ft (m) of streams within 
potential impact study areas, ac (ha) 
lakes/other water bodies within study 
areas. 

Floodplains:12  206 ac (83 ha) 

Streams13:  1,600 linear ft (488 m) 

Lakes:   17.1 ac (6.9 h) 

 

Streams crossed are sensitive estuaries with fringing coastal 
salt marsh at the southern end of San Francisco Bay.  
Potential impacts on estuaries would be reduced by use of 
aerial structures. 

Floodplains:   180 ac (73 ha) 

Streams:  850 linear ft (259 m) 

Lakes:   0 ac (0 h) 

 

Elevated structure in freeway median would have fewer 
potential water impacts than the 
Hayward/Niles/Mulford line through the Don Edwards 
National Wildlife Refuge. 

                                                 
11 The archaeological area of potential effect is defined as 500 ft (152 m) on each side of the alignment centerline for new routes requiring additional right-of-way, and 100 ft (30 m) 
on each side of centerline for routes along existing highways and railroads, where very little additional right-of-way would be required.  The study area for paleontological resources is 
defined as 100 ft (30 m) on each side of alignment centerline. 
12 The  study area is defined as 100 ft (30 m) on each side of the alignment centerline. 
13 The study area is defined as a total of 50 feet (25 feet on each side of alignment centerline), per representative impact analysis. 
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 Hayward/Niles/Mulford Line Hayward Line to I-880 

Biological Resources Including 
Wetlands:  Ac (ha) of wetland and ac 
(ha) of special-status species habitat 
and number of special status species 
within potential impact study areas 

Wetlands:14  24.8 ac (10 ha)  

Habitat:14 61 ac (25 ha) 

Species:   9 

 

Alignment would traverse 4 mi (6 km) of Don Edwards 
Wildlife Refuge, a major wildlife and bird sanctuary.  Would 
potentially impact habitat for special-status shorebirds and 
waterfowl, including the endangered California clapper rail.  
Wetlands and tidal salt marsh support endangered species 
such as the salt marsh harvest mouse, steelhead, western 
snowy plover, and California red-legged frog. 

Wetlands:   1.3 ac (0.5 ha) 

Habitat:  67 ac (27 ha) 

Species:   6 

 

Eastern alignment in freeway median would avoid 
potential impacts on Don Edwards Wildlife Refuge and 
reduce potential wetlands and wildlife impacts. 

Section 4(f) and 6(f) Resources:15  
Number of resources rated high 
potential direct effects  

Resources rated high:  4 

 

Alignment crosses Don Edwards Wildlife Refuge. 

Resources rated high:  7 

 

Resources are primarily local parks.  Alignment would 
include tunneling under the lake at Fremont Central 
Park. 

 

                                                 
14 The study area is defined as a total of 50 feet (25 feet on each side of alignment centerline), per representative impact analysis. 
15 The 4(f) and 6(f) resources study area is defined as 900 ft (274m) on each side of the alignment centerline. 
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C. SAN JOSE TO MERCED ALIGNMENTS 

All information presented is for the area from San Jose to the intersection of the north-south oriented alignment options in the Central Valley 
near Merced.  This segment is shown in Figure 6.2-3. 

 Diablo Range Direct Pacheco Pass 

 Northern Tunnel Minimize Tunnel Tunnel under Park Via Gilroy Via Gilroy Bypass 

Physical/Operational Characteristics 

Alignment Description From San Jose, this 
alignment would use the 
Caltrain corridor to just 
north of SR-85, turning 
east through the Diablo 
Range to the Central 
Valley north of Merced.  
This alignment would be 
north of Henry Coe State 
Park and cross a section 
of SR-130.  No station 
options considered in 
this segment. 

From San Jose, this 
alignment would use the 
Caltrain corridor to just 
north of SR-85, turning 
east through the Diablo 
Range to the Central 
Valley north of Merced.  
This alignment would 
traverse through 8.2 mi 
(13.2 km) of Henry Coe 
State Park (2.6 mi [4.2 
km] in tunnel and 5.6 mi 
[9.0 km] at grade).  No 
station options considered 
in this segment. 

From San Jose, this 
alignment would use the 
Caltrain corridor to just 
north of SR-85, turning 
east through the Diablo 
Range to the Central 
Valley north of Merced.  
This alignment would 
tunnel under 5.9 mi (9.5 
km) of Henry Coe State 
Park.  No station options 
considered in this 
segment. 

From San Jose, this 
alignment would use 
the Caltrain corridor 
through Gilroy.  The 
alignment would use 
the Pacheco Pass (in 
the vicinity of 
SR-152) to the 
Central Valley south 
of Merced.  Station 
options considered in 
this segment include 
Gilroy and Los 
Banos. 

From San Jose, this 
alignment would use 
the Caltrain corridor 
through Morgan Hill.  
The alignment would 
use the Pacheco Pass 
(in the vicinity of SR-
152) to the Central 
Valley south of Merced.  
Station options 
considered in this 
segment include 
Morgan Hill and Los 
Banos. 

Length in miles (km) 88 mi (142 km); 19 mi 
(31 km) of tunnel 

86 mi (138 km); 16 mi 
(26 km) of tunnel 

86 mi (138 km); 20 mi 
(32 km) of tunnel 

117 mi (188 km); 10 
mi (14 km) of tunnel 

116 mi (187 km); 12 mi 
(14 km) of tunnel 

Cost (dollars)16 $4.45 billion $4.52 billion      $4.66 billion $4.35 billion $4.57 billion

Travel Time (min):  
(San Jose to Sacramento 
and San Jose to Los 
Angeles) Based on optimal 
express travel times. 

San Jose to Merced:  34 
min 

San Jose to Sacramento:  
50 min 

San Jose to Los Angeles:  
1 hr 56 min 

San Jose to Merced:  32 
min 

San Jose to Sacramento:  
50 min 

San Jose to Los Angeles:  
1 hr 54 min 

San Jose to Merced:  32 
min 

San Jose to Sacramento:  
50 min 

San Jose to Los Angeles:  
1 hr 54 min 

San Jose to Merced:  
40 min 

San Jose to 
Sacramento:  1 hr 
and 15 min 

San Jose to Los 
Angeles:  1 hr 54 
min 

San Jose to Merced:  40 
min 

San Jose to 
Sacramento:  1 hr and 
15 min 

San Jose to Los 
Angeles:  1 hr 54 min 

                                                 
16 Cost of Diablo Range Direct Options is estimated from San Jose Diridon Station to junction of UPRR near the Town of Dehli.  Cost of Pacheco Pass Options is estimated form San 
Jose Diridon Station to Junction of UPRR near the Town of Chowchilla. 
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 Diablo Range Direct Pacheco Pass 

 Northern Tunnel Minimize Tunnel Tunnel under Park Via Gilroy Via Gilroy Bypass 
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Ridership In comparison to the Business Plan (low-end) forecasts, total ridership was 
estimated to be about 0.5% less than Pacheco Pass options (150,000 annual 
passengers) and revenue was estimated to be 0.1% less ($900,000 less annually).  
Diablo Direct options would have higher ridership between Sacramento/Northern 
San Joaquin Valley and the Bay Area, but would have lower ridership between the 
Bay Area and Los Angeles since there would be no station in south Santa Clara 
County. 

Pacheco Pass options would have less ridership 
between Sacramento/Northern San Joaquin 
Valley and the Bay Area, but would have higher 
ridership between the Bay Area and Los Angeles 
since there would be a potential South Santa 
Clara County station. 

Constructability The northern tunnel 
alignment would cross 
SR-130 at the middle of 
the Diablo Range 
crossing, providing 
better construction 
access than other Diablo 
Range options. 

The nearest road to the 
minimize tunnel alignment 
through the Diablo Range 
is SR-130, which is about 
5.5 mi (8.9 km) north of 
the alignment.  This 
alignment would need less 
tunneling than the other 
two. 

The nearest road to the 
minimize tunnel alignment 
through the Diablo Range 
is SR-130, which is about 
5 mi (8 km) north of the 
alignment. 

The Pacheco Pass options are in the vicinity of 
SR-152 and have better highway access than 
the Diablo Range Direct options.  These 
alignments would need less tunneling than the 
Diablo Direct alignments.  These alignments 
would share right of way with Caltrain from 
Gilroy north. 

Operational Issues Average speed = 153–162 mph (246–261 kph) 

Maximum speed = 186–217 mph (299–349 kph) 

 

Diablo Range Direct options would have somewhat lower (approximately 25% 
lower annually) operational and maintenance costs as a result of fewer total mi of 
HST system than the Pacheco Pass options. 

Average speed = 172–174 mph (277–280 kph) 

Maximum speed = 186–217 mph (299–349 kph) 

 

Pacheco Pass options would have somewhat 
higher operational and maintenance costs than 
Diablo Range Direct options. 

Potential Environmental Impacts 

Travel Conditions The Diablo Range Direct alignments would be shorter between the San Francisco 
Bay Area and Sacramento/northern San Joaquin Valley (including Stockton and 
Modesto) than the Pacheco Pass options, with shorter travel times between these 
markets.  For example, for express trains between Sacramento and San Jose, the 
Diablo Range northern alignments travel times would be about 25 min less than the 
Pacheco pass (50 min for the Diablo alignments compared to 1 hr and 15 min for 
the Pacheco Pass).  The Diablo Range Direct options would permit express travel 
times between Sacramento and San Francisco in 1 hr and 20 min compared to 1 hr 
and 45 min via the Pacheco Pass options. 

 

The Diablo Range Direct options would also provide quicker and potentially more 
frequent service to Merced.  Travel times are estimated to be 6 or 8 min less 
between Merced and San Jose.  Moreover, since the Diablo Range Direct options 

The Pacheco Pass alignment options include 
potential stations at Gilroy (or Morgan Hill) and 
Los Banos, whereas the Diablo Range 
alignments would not have any stations 
between Merced and San Jose.  The populations 
that would be served by the Gilroy and Los 
Banos stations would therefore have shorter 
access times and lower access costs to the 
nearest HST station for the Pacheco Pass 
alignments.  The potential Gilroy/Morgan Hill 
station has a particularly high potential impact 
on connectivity, travel times, and access costs 
since, in addition to serving southern Santa 
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 Diablo Range Direct Pacheco Pass 

 Northern Tunnel Minimize Tunnel Tunnel under Park Via Gilroy Via Gilroy Bypass 
serve Merced from the north, Merced would be on the San Francisco to Los Angeles 
segment of the HST system and Would likely result in a higher frequency of travel 
for Merced to/from the Bay Area and Southern California. 

Clara County, it would also be the most 
accessible station location for serving the Santa 
Cruz, Monterey/Carmel, and Salinas populations.  
These populations would have better 
connectivity to the Gilroy station site (Pacheco 
Pass via Gilroy) than the Morgan Hill site (via 
Gilroy Bypass).  This corridor also has a longer 
shared corridor with Caltrain, which would 
benefit commuter travel from Gilroy to the Bay 
Area. 

Noise and Vibration:17  
High, medium, and low 
potential impacts 

Medium potential 
impacts–San Jose to 
Diablo Jct. 

Low potential impacts–
Diablo Jct. to Merced. 

 

Would traverse more 
undisturbed wilderness 
area than Pacheco Pass 
options, but potential 
noise impacts would be 
avoided where tunnels 
are used.  Would have 
fewer potential urban 
impacts than Pacheco 
Pass options. 

Medium potential 
impacts–San Jose to 
Diablo Jct. 

Low potential impacts–
Diablo Jct. to Merced. 

 

Would have higher 
potential impacts on 
undisturbed wilderness 
area than other two 
northern options.  Would 
have fewer potential 
urban impacts than 
Pacheco Pass options. 

Medium potential 
impacts–San Jose to 
Diablo Jct. 

Low potential impacts–
Diablo Jct. to Merced.   

 

Would traverse more 
undisturbed wilderness 
area than Pacheco Pass 
options, but potential 
noise impacts would be 
avoided where tunnels are 
used.  Would have fewer 
potential urban impacts 
than Pacheco Pass 
options. 

Medium potential 
impacts–San Jose to 
Gilroy. 

Low potential 
impacts–Gilroy to 
south of Merced.  

 

Would have the most 
potential urban area 
impacts.  

Medium potential 
impacts–San Jose to 
Gilroy.   

Low potential impacts–
Gilroy to south of 
Merced. 

 

Would have fewer 
potential urban area 
impacts than the 
Pacheco Pass via Gilroy 
option. 

                                                 
17 Generally, vibration is not a significant impact.  However, sensitive and specific areas, such as historical structures and special habitats, could be affected. 
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 Diablo Range Direct Pacheco Pass 

 Northern Tunnel Minimize Tunnel Tunnel under Park Via Gilroy Via Gilroy Bypass 
Land Use and Planning, 
Communities and 
Neighborhoods, 
Property, and 
Environmental Justice 

Compatibility:  Low 
because of new corridor. 
Environmental Justice:  
Low potential minority 
population impacts 
Community:  No 
potential impacts 
Property:  Low potential 
impacts 

Compatibility:  Low 
because of new corridor.  
Also would affect Henry 
Coe State Park. 
Environmental Justice:  
Low potential minority 
population impacts 
Community:  No potential 
impacts 
Property:  Low potential 
impacts 

Compatibility:  Low 
because of new corridor.  
Environmental Justice:  
Low potential minority 
population impacts 
Community:  No potential 
impacts 
Property:  Low potential 
impacts 

Compatibility:  Low 
overall, but higher 
compatibility in Gilroy 
Environmental 
Justice:  Low 
potential minority 
population impacts 
Community:  No 
potential impacts 
Property:  Low 
potential impacts 

Compatibility:  Low 
because of new corridor 
Environmental Justice:  
Low potential minority 
population impacts 
Community:  No 
potential impacts 
Property:  Low potential 
impacts 

Farmlands:18  Number of 
ac (ha) potentially affected 

Farmland:  549 ac (222 
ha) 

Farmland:  553 ac 
(224 ha) 

Farmland:  551 ac (223 
ha) 

Farmland:  756 ac 
(306 ha) 
 
More potential 
impacts than Diablo 
Range Direct options. 

Farmland:  770 ac (312 
ha) 
 
More potential impacts 
than Diablo Range 
Direct options. 

Aesthetics and Visual 
Resources:  Number of 
potential viewing points 
and descriptions of high 
contrast/impact areas 

Medium potential impacts

Viewing points: 0 

Natural open space, 
Orestimba Valley, I-5. 

High contrast aerial 
guideway, cut/fill, 
catenary, tunnel portal 

Would have less potential 
visual impact than at-
grade option across Henry 
Coe State Park. 

High potential impacts 

Viewing points: 0 

Natural open space, Henry 
Coe State Park, Orestimba 
Valley, I-5. 

High contrast aerial 
guideway, cut/fill, catenary, 
tunnel portal 
 

Would have most potential 
visual impacts of the Diablo 
Range direct options. 

Medium potential impacts 

Viewing points: 0 

Natural open space, 
Orestimba Valley, I-5. 

High contrast aerial 
guideway, cut/fill, catenary, 
tunnel portal 
 

Would have less potential 
visual impact than at-grade 
option across Henry Coe 
State Park. 

Medium potential impacts 

10–20 viewing points Pacheco Creek Valley 
scenic natural open space. 

High contrast in line and color. 

 

Pacheco Pass options would potentially impact 
visual resources less than Diablo Range options 
since they would parallel the existing linear 
feature of SR-152 before going in tunnel to 
cross the natural area of Pacheco Pass. 

 
 
 

                                                 
18 The farmland resources study area is defined as 50 ft (15 m) on each side of alignment centerline (100 ft [30 m] total) when the alignment is separate from an existing rail corridor.  
When the alignment is adjacent to an existing rail corridor, the study area would extend 100 ft (30 m) from the rail right-of-way on the side the alignment would run. 
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 Diablo Range Direct Pacheco Pass 

 Northern Tunnel Minimize Tunnel Tunnel under Park Via Gilroy Via Gilroy Bypass 

Cultural Resources and 
Paleontological 
Resources:19  Potential 
presence of historical 
resources in area of 
potential effect 

7 known cultural 
resources 

 

Would pass through 
remote terrain that 
avoids historical 
architecture.  Northern 
tunnel option has least 
known cultural resources 
of the three Diablo 
Range options. 

21 known cultural 
resources 

 

Would pass through 
remote terrain that avoids 
historical architecture. 

22 known cultural 
resources 

 

Would pass through 
remote terrain that avoids 
historical architecture. 

13 known cultural 
resources 

 

Pacheco Pass options 
have lower sensitivity 
rankings for 
archeology, but have 
high sensitivity 
ranking for historical 
architecture through 
the Santa Clara 
Valley. 

15 known cultural 
resources 

 

Pacheco Pass options 
have lower sensitivity 
rankings for archeology, 
but have high sensitivity 
ranking for historical 
architecture through the 
Santa Clara Valley. 

Hydrology and Water 
Resources:  Potential 
impacts and associated ac 
(ha) of floodplains and 
linear ft (m) of streams 
within potential impact 
study areas, ac (ha) 
lakes/other water bodies 
within study areas. 

Floodplains:20  125 ac 
(51 ha) 

Streams:21  2,700 linear 
ft (823 linear m) 

Other water body area:  
0.6 ac (0.2 ha) 

 

Would avoid 
substantially more 
floodplains, streams, and 
other water bodies than 
Pacheco Pass options.  
Would potentially impact 
fewer linear ft of 
streams than other 
options. 

Floodplains:  180 ac (73 
ha) 

Streams:   NA 

Other water body area:  
NA 

 

Would avoid substantially 
more floodplains, streams, 
and other water bodies 
than Pacheco Pass 
options. 

Floodplains:  171 ac (69 
ha) 

Streams:  NA 

Other water body area:  
NA 

 

Would avoid substantially 
more floodplains, streams, 
and other water bodies 
than Pacheco Pass 
options. 

Floodplains:  589 ac 
(238 ha) 

Streams:  6,050 
linear ft (1,844 linear 
m) 

Other water body 
area:  6.2 ac (2.5 ha) 

 

Would potentially 
impact substantially 
more floodplains, 
streams, and other 
water bodies than 
Diablo Direct options.  
Could exacerbate 
flooding of Pajaro 
River watershed. 

Floodplains:  482 ac 
(195 ha) 

Streams:  NA 

Other water body area:  
NA 

 

Would potentially 
impact substantially 
more floodplains, 
streams, and other 
water bodies than 
Diablo Direct options.  
Potentially impacts 
Pajaro River watershed. 

                                                 
19 The archaeological area of potential effect is defined as 500 ft (152 m) on each side of the alignment centerline for new routes requiring additional right-of-way, and 100 ft (30 m) 
on each side of centerline for routes along existing highways and railroads, where very little additional right-of-way would be required.  The study area for paleontological resources is 
defined as 100 ft (30 m) on each side of alignment centerline. 
20 The study area is defined as 100 ft (30 m) on each side of the alignment centerline. 
21 The study area is defined as a total of 50 feet (25 feet on each side of alignment centerline), per representative impact analysis. 
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California High-Speed Train Final Program EIR/EIS High-Speed Train Alignment Options Comparison 

 Diablo Range Direct Pacheco Pass 

 Northern Tunnel Minimize Tunnel Tunnel under Park Via Gilroy Via Gilroy Bypass 

Biological Resources 
Including Wetlands:  Ac 
(ha) of wetland and ac 
(ha) of special-status 
species habitat, and 
special status species 
within potential impact 
study areas 

Wetlands:22  1.623 ac 
(0.6 ha) 

Habitat:   108 ac (44 ha) 

Species:   4 

 

Would avoid Henry Coe 
State Park and 
potentially impact fewer 
special-status species 
than other alignments.  
High amount of 
tunneling through Diablo 
Range would reduce 
potential fragmentation 
of wildlife habitat as 
compared with minimize 
tunnel option.  This 
option crosses less   
conservation areas than 
other Diablo Range 
Direct options or 
Pacheco Pass options. 

Wetlands:  NA) 

Species:  NA 

 

Alignment travels through 
Henry Coe State Park (8.2 
mi [13.2 km] total with 
2.6 mi [4.2 km] in tunnel).  
Lowest amount of 
tunneling through Diablo 
Range would increase 
potential fragmentation of 
wildlife habitat compared 
to other Diablo Direct 
options.  All three Diablo 
Range alignments cross 
private conservation 
areas. 

Wetlands:  NA 

Species:  NA 

 

Alignment tunnels under 
5.9 mi (9.5 km) of Henry 
Coe State Park.  High 
amount of tunneling 
through Diablo Range 
would reduce potential 
fragmentation of wildlife 
habitat compared to 
minimize tunnel option.  
All three Diablo Range 
alignments cross The 
Nature Conservancy 
lands, which are 
considered conservation 
areas of importance. 

Wetlands:   48.0 ac 
(19.3 ha) 

Habitat:   180 ac (73 
ha) 

Species:   10 

 

Would potentially 
impact approximately 
100,000 more linear 
ft (30,480 linear m) 
of waters and 3,000 
ac (1,214 ha) more 
of special-status 
habitat than Diablo 
Direct options.  
Proximity to SR-152 
would result in less 
fragmentation of 
undisturbed wildlife 
habitat than Diablo 
Range options.  
Pacheco Pass 
alignments cross the 
Romero Ranch 
conservation area. 

Wetlands:  NA 

Species:  NA 

 

Would potentially 
impact approximately 
100,000 more linear ft 
(30,480 linear m) of 
waters and 3,000 ac 
(1,214 ha) more 
special-status habitat 
than Diablo Direct 
options.  Proximity to 
SR-152 would result in 
less fragmentation of 
undisturbed wildlife 
habitat than Diablo 
Range options.  
Pacheco Pass 
alignments cross the 
Romero Ranch 
conservation area. 

                                                 
22 The study area is defined as a total of 50 feet (25 feet on each side of alignment centerline), per representative impact analysis. 
23 Based on limited available information regarding wetland resources in this remote undeveloped area. 
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California High-Speed Train Final Program EIR/EIS High-Speed Train Alignment Options Comparison 

 Diablo Range Direct Pacheco Pass 

 Northern Tunnel Minimize Tunnel Tunnel under Park Via Gilroy Via Gilroy Bypass 

Section 4(f) and 6(f) 
Resources:24  Number of 
resources rated high 
potential direct effects 

High:  0 

 

There are few 
documented Section 4(f) 
and 6(f) resources in this 
area. 

High:  1 

Henry Coe State Park 

 

Henry Coe State Park is 
the second largest state 
park and a large 
wilderness area in the Bay 
Area. 

High:  0 

 

This alignment passes 
under Henry Coe State 
park completely in a 
tunnel, with very few 
potential impacts on the 
park.  There could be 
some potential temporary 
impacts during 
construction, but few 
potential long-term 
impacts due to use of 
tunnel boring machines 
and in-line construction. 

High:  0 

 

Could potentially 
impact historical 
structures through 
Gilroy including the 
Gilroy train station. 

High:  0 

Growth-Induced 
Potential Impacts:  Ac 
(ha) of urbanized land 
required 

Low potential impacts.   

 

These options reduce the statewide total of acres of urbanized land required for the 
alignment by approximately 600 ac (243 ha) in 2020 and 1,900 ac (769 ha) in 
2035, compared to the Pacheco Pass options.  Santa Clara, Sacramento, and 
Stanislaus Counties account for most of this reduction, although even in these 
cases the reduction is less than 0.5% of total projected urbanized acreage.  The 
reduction in these counties is likely tied to elimination of direct or connecting access 
in southern Santa Clara, San Benito, and Monterey Counties with this design option.  
The Diablo Range Direct options are projected to reduce the conversion of mostly 
prime farmland in Santa Clara County by about 700 ac (283 ha). 

Low potential impacts.  

 

The stations at Los Banos and Gilroy are 
forecast to attract a small amount of the 
urbanized acreage (0.5%) away from traditional 
urban centers in Santa Clara, Sacramento, and 
Stanislaus Counties. 

 

                                                 
24 The 4(f) and 6(f) resources study area is defined as 900 ft (274m) on each side of the alignment centerline. 
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California High-Speed Train Final Program EIR/EIS High-Speed Train Alignment Options Comparison 

6.2.2 Bay Area to Merced Station Options 

D. SAN FRANCISCO AND OAKLAND TO MERCED STATIONS 

Station Name (Alignment) Discussion 

Downtown San Francisco 

Transbay Terminal (Caltrain) The Transbay Terminal would offer greater connectivity to San Francisco and the greater Bay Area than the existing 4th 
and King site because of its location in the heart of the downtown San Francisco financial district, where many potential 
HST passengers could walk to the station.  In addition, the Transbay Terminal would emerge as the transit hub for all 
major services to downtown San Francisco, with the advantage of direct connections to BART, Muni (the terminal is one 
block from BART/Muni), and regional bus transit (Samtrans,  AC Transit, and Golden Gate Bridge District).  Since the 
Transbay Terminal would offer greater connectivity to San Francisco and the greater Bay Area than the existing 4th and 
King site, total travel times to the Transbay Terminal are expected to be superior.  The Transbay Terminal is very 
compatible with existing and planned development and is the focal point of the Transbay redevelopment plan that includes 
extensive high density residential, office, and commercial/retail development. 

The Transbay Terminal would have high ridership potential.  Intercity ridership forecasts estimate between 7.8 and 17 
million total boardings and alightings annually by 2020.  However, the rail portion of the connection between 4th and King 
and the Transbay Terminal (that would be used by Caltrain and HST) requires difficult tunneling throughout the alignment 
and is estimated to cost nearly $1.00 billion for the 1.3-mi (2.1-km) extension (including underground HST/Caltrain 
station, tail tracks, and reconfiguring of the 4th and King yard).  Both station options would have low potential 
environmental impacts. 

The conceptual operating plan that was assumed for the Business Plan proposed 66 trains (per day per direction - 132 
total) to serve the Bay Area.  Assuming dedicated use of four tracks and two island platforms by HST, the planned 
configuration of the Transbay Terminal could serve all of the trains proposed in the Business Plan.  However, given the rail 
facilities planned for the Transbay Terminal (6 tracks and 3 platforms), the overall capacity available to accommodate HST 
and Caltrain commuter service would need subsequent cooperative operations planning analysis to determine the most 
efficient mix and scheduling of services to be accommodated.  Any HST services (business plan levels or beyond) that are 
determined not to be accommodated at the Transbay terminal facility could terminate at other stations along the 
peninsula or East Bay. 

4th and King (Caltrain) The 4th and King station is the existing terminus for the Caltrain commuter rail service.  This station site (adjacent to SBC 
Park) is well connected to the San Francisco Muni system, but stops more than 1 mi (1.6 km) short of the financial district 
and does not connect to BART or regional bus transit.  The station would have about a 2.5-min shorter train travel time to 
San Francisco than the Transbay Terminal. 

The 4th and King station would also have high ridership potential.  Intercity ridership forecasts (Business Plan low-end 
forecasts) concluded that the 4th and King terminal station would attract about 100,000 fewer annual intercity passengers 
than the Transbay Terminal and would also have less potential to serve long-distance commuter passengers.  The 
underground 4th and King terminal station is estimated to cost $438 million. 
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California High-Speed Train Final Program EIR/EIS High-Speed Train Alignment Options Comparison 

Station Name (Alignment) Discussion 

Mid-Peninsula  

Redwood City (Caltrain) This station would be multi-modal station at the existing Caltrain Redwood City station location.  Intercity ridership 
forecasts estimate between 2.3 and 5.0 million total boardings and alightings annually by 2020. 

The Redwood City station option would have moderate construction and right-of-way issues and low potential 
environmental impacts, and is expected to cost about $10.0 million25. 

Palo Alto (Caltrain) This station would be a multi-modal station at the existing Caltrain Palo Alto station location.  The Palo Alto station would 
be a stop for the Caltrain express services, and therefore would have better connectivity to the regional commuter service 
and to the Peninsula. 

The Palo Alto station would be expected to have similar costs ($10.0 million26), construction issues, right-of-way issues, 
and ridership forecasts to the Redwood City station.  The Palo Alto station option would be expected to have potential 
visual quality impacts. 

San Jose 

Diridon (Caltrain, 
Hayward/Niles/Mulford, and I-880) 

Diridon station would be a multi-modal hub maximizing connectivity to downtown San Jose and the southern Bay Area.  
Diridon station would have high connectivity and accessibility and would serve Caltrain, ACE Commuter Rail, Capitol 
Corridor, Amtrak, VTA buses, and light rail, with a possible link to BART.  This station would also have high ridership 
potential.  Intercity ridership forecasts project between 5 and 9.6 million total boardings and alightings annually by 2020. 

The HST platforms and tracks would be on an aerial structure constructed over the existing Diridon station platforms.  As 
a result, there would be high construction issues but low potential environmental impacts, and a medium level of 
compatibility with existing land uses.  This station is estimated to cost $93.4 million. 

Airports 

SFO-Millbrae (Caltrain) 

 

SJC-Santa Clara (Caltrain and 
Hayward/Niles/Mulford) 

 

OAK-Oakland Coliseum 
(Hayward/Niles/Mulford and I-880) 

All three potential airport stations would have direct connections to local and regional commuter rail services and would 
reduce potential travel times and costs for HST passengers who would use the trains for access to the airports.  None of 
the three airport stations would be in the airport terminals, but each would permit easy access by potential people movers 
or shuttles (at SFO, BART currently provides a direct connection from the Millbrae Caltrain station to the SFO international 
terminal).  All three potential airport stations would be on the alignments being investigated for service to San Francisco 
and Oakland.  The SJC-Santa Clara station is approximately 2.6 miles from San Jose (Diridon) station.  Shared-use stations 
at SFO and Santa Clara are each estimated to cost $10.0 million.27  The OAK/Coliseum station is estimated to cost $27.0 
million. 

                                                 
25 Shared-use station includes modification to existing platforms and passenger facilities only within existing right-of-way.  Does not include full express and stopping track 
configuration assumed for HST stations on dedicated high-speed lines.  
26 Shared-use station includes modification to existing platforms and passenger facilities only within existing right-of-way.  Does not include full express and stopping track 
configuration assumed for HST stations on dedicated high-speed lines. 
27 Shared-use station includes modification to existing platforms and passenger facilities only within existing right-of-way.  Does not include full express and stopping track 
configuration assumed for HST stations on dedicated HST lines. 
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California High-Speed Train Final Program EIR/EIS High-Speed Train Alignment Options Comparison 

Station Name (Alignment) Discussion 

SFO is the northern California hub airport for national and international flights.  Intercity ridership forecasts project 
between 1.3 and 2.4 million total boardings and alightings annually by 2020 for the SFO station.  The SFO station would 
be located in a floodplain with high potential floodplain impacts, and it would be at a historical train station with medium 
potential cultural impacts. 

The SJC station would have high connectivity, linking to Caltrain, ACE, Capitol Corridor, and VTA buses as well as SJC.  It 
would have low potential environmental impacts, with the exception of a medium ranking for potential cultural impacts 
since it is at a historical train station. 

The OAK station would have high connectivity, linking to BART, Capitol Corridor, and AC Transit buses, as well as OAK.  It 
would have a low potential environmental impacts. 

Oakland 

West Oakland 
(Hayward/Niles/Mulford and I-880) 

This station would directly connect with BART and would have good freeway access. 

Both the West Oakland and 12th Street station options would be underground and require alignments with deep-bore 
tunneling, with associated high construction issues and costs.  The West Oakland station is estimated to cost $336 million.  
The 5.8-mi (9.3-km) alignment between a common point at 29th Street north of the Oakland Coliseum and West Oakland 
is estimated to cost $532 million (not including station, parking, or any associated right-of-way).  The West Oakland 
station site would be adjacent to BART in a mixed-use area.  It has a medium ranking for potential land-use compatibility 
conflicts and presence of minority populations in the vicinity of the station area. 

12th Street/City Center 
(Hayward/Niles/Mulford and I-880) 

This station would directly connect with BART and would have good freeway access.  The 12th Street station would have 
superior connectivity, as it is located in the heart of downtown Oakland where many potential HST passengers could walk 
to the station.  The 12th Street City Center BART station is also a transfer station, providing greater connectivity to the 
regional rail transit system.  However, this option has more constructability issues than the Oakland West site. 

 

The 12th Street station is estimated to cost $336 million.  The 5.8-mi (9.3-km) (cost) alignment between 29th Street north 
of the Oakland Coliseum and 12th Street is estimated to cost $557 million (not including station, parking, or any 
associated right-of-way).  The 12th Street site would be in a deep tunnel under the 12th Street BART station and would 
have a low ranking for potential land-use compatibility conflicts and presence of minority populations in the vicinity of the 
station area. 

Southern Alameda County 

Union City (Hayward/Niles/Mulford 
and I-880) 

This station location would offer a high level of connectivity.  The Union City station would connect to BART, Capitol 
Corridor, and AC Transit.  It would have low construction issues and low potential minority population impacts, and is 
estimated to cost $28.7 million. 

Auto Mall Parkway 
(Hayward/Niles/Mulford) 

Auto Mall Parkway station would have good access to the I-880 freeway and connect to the Capitol Corridor, ACE 
Commuter Rail, and AC Transit.  This site would only be served by the Hayward/Niles/Mulford alignment option.  The Auto 
Mall Parkway station would have similar potential impacts and costs as the Union City station option, except that it would 
have medium potential impacts on parks and wildlife since it is located adjacent to the Don Edwards Wildlife Refuge.  The 
Auto Mall Parkway station is estimated to cost $28.7 million. 
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California High-Speed Train Final Program EIR/EIS High-Speed Train Alignment Options Comparison 

Station Name (Alignment) Discussion 

Southern Santa Clara County 

Gilroy (Pacheco Pass via Gilroy) Southern Santa Clara County would be served by a station at either Gilroy or Morgan Hill.  Both of these potential stations 
would be at Caltrain commuter rail station locations.  The Gilroy station is about 10 mi (16 km) south of Morgan Hill and 
therefore provides better connectivity and travel times and less access costs to the Santa Cruz, Monterey/Carmel, and 
Salinas markets.  The Gilroy station is only served by the Pacheco Pass/Gilroy/Caltrain alignment; neither the Gilroy nor 
the Morgan Hill station sites would be served by the Diablo Range Direct alignment options. 

 

The Gilroy and Morgan Hill station options would have similar costs, construction issues, and operational issues, all of 
which were ranked as medium potential impacts.  Both station options would be expected to have low potential 
environmental impacts; however, the Gilroy station site is located in a 100-yr floodplain and would have high potential 
floodplain impacts.  Intercity ridership forecasts estimated the Gilroy station to have between 1.5 and 2.3 million annual 
total boardings and alightings by 2020.  The Gilroy aerial station option is estimated to cost $75.6 million28. 

Morgan Hill (Pacheco Pass via 
Gilroy Bypass) 

Southern Santa Clara County would be potentially served by a station at Morgan Hill.  This station would be at a Caltrain 
commuter rail station location.  The Morgan Hill station site would be served by the Diablo Range Direct alignment 
options.  This site is expected to have about the same intercity ridership potential as the Gilroy site and is estimated to 
cost $166 million. 

Western Merced County 

Los Banos (Pacheco Pass) The potential Los Banos station would be north of Los Banos.  It would have good accessibility to I-5 and would greatly 
reduce travel times and access costs to that population compared to the Gilroy or Morgan Hill sites. 

 

The Los Banos station would have low ridership and revenue potential, and limited connectivity and accessibility.  In 2020, 
this station is forecast to serve a population of about 88,000 and to have between 155,000 and 190,000 annual total 
boardings and alightings.  The Los Banos station site is located in a 100-yr floodplain and would have high potential 
floodplain impacts.  This site would have medium potential impacts on water resources with potential impacts on the San 
Luis Waterway, and high potential impacts on threatened and endangered species.  The station would have low 
construction, right-of-way, land use, and visual quality issues, and is assumed to cost about $28.7 million. 

 

                                                 
28 Costs are reduced because of lower proposed speed for station stopping tracks, which would require less infrastructure and right-of-way. 
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California High-Speed Train Final Program EIR/EIS High-Speed Train Alignment Options Comparison 

6.3 SACRAMENTO TO BAKERSFIELD REGION 

This region of central California includes a large portion of the Central Valley (San Joaquin Valley) from Sacramento south to Bakersfield. 

6.3.1 Sacramento to Bakersfield Alignment Options 

A. SACRAMENTO TO STOCKTON ALIGNMENT OPTIONS 

All information presented is for the area from Sacramento to Stockton.  This segment is shown in Figure 6.3-1. 

 
Union Pacific Railroad (UPRR) 

(Downtown Sacramento to Downtown Stockton) 
Central California Traction (CCT) 

(Downtown Sacramento to Downtown Stockton) 

Physical/Operational Characteristics 

Alignment Description The UPRR alignment begins at the Sacramento Rail Depot in 
downtown Sacramento.  North of Lodi, the alignment diverges 
from UPRR to the CCT to bypass Lodi and reconnects to the 
UPRR to serve the proposed downtown Stockton station site.  
This alignment option includes a new alignment bypass of 
Stockton for express services.  Station options considered in this 
segment include Sacramento Downtown station, Power Inn 
Road station and Stockton ACE Downtown. 

The CCT alignment begins at the Sacramento Rail Depot in 
downtown Sacramento, using the UPRR alignment until 
transitioning to CCT near the potential Power Inn Road station 
site.  The CCT alignment reconnects to UPRR to serve the 
proposed downtown Stockton station site.  This alignment 
option includes a new alignment bypass of Stockton for 
express services.  Station options considered in this segment 
include Sacramento Downtown station Power Inn Road station 
and Stockton ACE Downtown. 

Length in miles (km) 49 mi (79 km) 50 mi (80 km) 

Cost29 (dollars) $2.49 billion $2.64 billion 

Travel Time (min) 20 min 21 min 

Ridership The UPRR is a more direct route with slightly shorter travel 
times (1 min less).  The UPRR and CCT rail alignments would 
serve the same basic populations and the same number of 
potential stations.   

The CCT and UPRR rail alignments would serve the same 
basic populations and the same number of potential stations. 

Constructability The UPRR traverses more urban area than the CCT; however, 
HST would share freight right-of-way through Sacramento.    

The transition from CCT at the Power Inn Road potential 
station site to the UPRR alignment to reach downtown 
Sacramento would include 2 mi (3 km) of property acquisition 
takes in urban Sacramento. 

                                                 
29 Segment cost and length includes 3.8 mi south of Stockton ACE Downtown station (Little John Creek). 
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California High-Speed Train Final Program EIR/EIS High-Speed Train Alignment Options Comparison 

 
Union Pacific Railroad (UPRR) 

(Downtown Sacramento to Downtown Stockton) 
Central California Traction (CCT) 

(Downtown Sacramento to Downtown Stockton) 

Potential Environmental Impacts 

Travel Conditions The UPRR would result in slightly shorter travel times. The CCT would result in slightly longer travel times. 

Noise and Vibration:30  
High, medium, and low 
potential impacts 

The UPRR alignment rates low overall because of the sparse 
residential development along most of the alignment.  High 
potential impacts result through Sacramento; however, speeds 
are restricted below 100 mph (161 kph) through the urban core 
as a result of speed-restricting curves.  There could be some 
increase in noise levels due to increased frequency of trains.  
There would be a reduction in noise levels due to the elimination 
of horn noise and gate noise from existing services as a result of 
the grade separations at some existing grade crossings. 

The UPRR is a heavily used freight corridor and the grade 
separation improvements along this alignment would result in 
potential reductions in noise levels from existing conditions. 

The CCT is a recently abandoned freight corridor, so there is 
less ambient noise in this corridor than in the UPRR.  In 
addition, the CCT has more adjacent land designated for 
residential use than the UPRR alignment. 

In terms of potential noise impacts there is a considerable 
difference between introducing the HST system on the CCT 
alignment where there are no freight operations (this right of 
way is proposed as a hiking trail) and the UPRR, which is a 
heavily used freight corridor. 

Land Use and Planning, 
Communities and 
Neighborhoods, Property, 
and Environmental Justice 

Although compatibility is considered low, the proposed 
alignment would be on or adjacent to the existing rail corridor.  
All station sites are located in areas where minority populations 
have been identified.  Although stations would create potential 
impacts, they would also produce community access benefits.  
The Sacramento Valley and Stockton Downtown stations sites 
are at existing rail hub stations. 

The CCT has  more land designated for residential and 
agricultural use than the UPRR route, which would make it 
potentially less compatible with future land uses.  The CCT 
alignment traverses primarily rural lands,   However, there are 
some small segments with high potential impacts, particularly 
in Sacramento if the downtown station (UPRR connection) is 
selected. 

There is substantial community opposition to placing the HST 
on the CCT alignment.  Both the Sacramento Area Council of 
Governments (SACOG) and City of Elk Grove (which is 
bisected by both alignments) support HST on the UPRR and 
oppose HST on the CCT as a result of potential community 
impacts.  The CCT is an abandoned freight rail line that is 
proposed by the community for use as a hiking trail. 

                                                 
30 Generally, vibration is not a significant impact.  However, sensitive and specific areas, such as historical structures and special habitats, could be affected. 
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Union Pacific Railroad (UPRR) 

(Downtown Sacramento to Downtown Stockton) 
Central California Traction (CCT) 

(Downtown Sacramento to Downtown Stockton) 

Farmlands:31  Ac (ha) of 
farmland (depending on 
specific configuration with 
loops and connections) 

Farmlands:  588–599 ac (238–242 ha) 

 

RR rail alignment reduces potential impacts on farmlands 
between Sacramento and Lodi.  Connection to CCT north of Lodi 
and express loop to the east of Stockton would require new 
alignments through farmlands, which could have potential 
severance impacts. 

Farmlands:  449–460 ac (182–186 ha) 

 

Existing CCT rail alignment reduces potential impacts on 
farmlands between Sacramento and Stockton.  The express 
loop to the east of Stockton would require new alignments 
through farmlands, which could have potential severance 
impacts. 

Cultural Resources and 
Paleontological 
Resources:32  Potential 
presence of historical 
resources in area of potential 
effect 

Known cultural resources:  39–49 

 

Potential for historical resources through downtown Sacramento 
and Stockton.  However, the alignments through both cities 
would use existing rail right-of-way. 

Known cultural resources:  44–54 

 

Potential for historical resources through downtown 
Sacramento and Stockton.  However, through both cities, the 
alignments would use existing rail right-of-way.  The CCT 
traverses fewer urban areas. 

Hydrology and Water  
Resources:  Potential 
impacts and associated ac 
(ha) of floodplains and linear 
ft (m) of streams within 
potential impact study areas, 
ac (ha) lakes/other water 
bodies within study areas. 

Floodplains:33  371 total ac (150 ha) for option with express loop 
connection to UPRR; 610 total ac (247 ha) for option with 
express loop connection to Burlington Northern Santa Fe (BNSF) 

Streams:34  4,300 linear ft (1,311 linear m) 

Lakes:  0.88 ac (0.36 ha) 

 

Use of existing rail alignments reduces potential hydrology 
impacts. 

Floodplains:   459 total ac (186 ha) for option with express 
loop connection to UPRR; 644 total ac (261 ha) for option with 
express loop connection to BNSF 

Streams:  3,500 linear ft (1,067 linear m) 

Lakes:   0.32  ac  (0.13) ha 

 

Use of existing rail alignments reduces potential hydrology 
impacts. 

                                                 
31 The farmland resources study area is defined as 50 ft (15 m) on each side of alignment centerline (100 ft [30 m] total) when the alignment is separate from an existing rail corridor.  
When the alignment is adjacent to an existing rail corridor, the study area would extend 100 ft (30 m) from the rail right-of-way on the side the alignment would run. 
32 The archaeological area of potential effect is defined as 500 ft (152 m) on each side of the alignment centerline for new routes requiring additional right-of-way, and 100 ft (30 m) 
on each side of centerline for routes along existing highways and railroads, where very little additional right-of-way would be required.  The study area for paleontological resources is 
defined as 100 ft (30 m) on each side of alignment centerline. 
33 The  study area is defined as 100 ft (30 m) on each side of the alignment centerline. 
34 The study area is defined as a total of 50 feet (25 feet on each side of alignment centerline), per representative impact analysis. 
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Union Pacific Railroad (UPRR) 

(Downtown Sacramento to Downtown Stockton) 
Central California Traction (CCT) 

(Downtown Sacramento to Downtown Stockton) 

Biological Resources 
Including Wetlands:35  Ac 
(ha) of wetland and ac (ha) 
of special-status species 
habitat and number of special 
status species within potential 
impact study areas 

Wetlands:36  6.7 ac (2.7 ha) 

Habitat:   79 ac (32 ha) 

Species:   51  

The UPRR alignment would have higher potential to disturb 
wetlands and to encounter threatened and endangered species.  
Although a new corridor would be required for Stockton express 
service, most of the alignment is within or adjacent to existing 
rail right-of-way. 

Wetlands:   2.4 ac (1.0ha) 

Habitat:   54 ac (22 ha) 

Species:   31  

 

The CCT alignment would have less potential disturbances to 
biological resources than the UPRR alignment. 

Section 4(f) and 6(f) 
Resources:37  Ac (ha) of 
parkland near HST right-of-
way 

Resources rated high:  7 

 

Alignment potentially impacts River Park, Sacramento; Tahoe Tallac Park, Sacramento; Cottonwood Park, Sacramento County; Illa 
Collin Park, Sacramento County; Tillotson Parkway, Sacramento County; Mendoza Park, Elk Grove; Panella Park, Stockton. 

 

                                                 
35 Databases and other sources were searched for indications of potential habitat that was considered to signify the possible presence of special-status species, but neither the 
presence of such species nor the presence of actual habitat was confirmed by review in the field. 
36 The study area is defined as a total of 50 feet (25 feet on each side of alignment centerline), per representative impact analysis. 
37 The 4(f) and 6(f) resources study area is defined as 900 ft (274m) on each side of the alignment centerline. 
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B. STOCKTON TO MERCED ALIGNMENT OPTIONS 

All information presented is for the area from Stockton to Merced.  This segment is shown in Figures 6.3-2a and 6.3-2b. 

 
UPRR with Modesto Express Loop  

(Downtown Stockton to Downtown Merced) 
Burlington Northern Santa Fe  

(Downtown Stockton to Downtown Merced) 

Physical/Operational Characteristics 

Alignment Description UPRR rail alignment from Stockton to Merced.  This option 
includes a new alignment around the Modesto urban area for 
express services, which is required as a result of speed-
restricting curves through Modesto.  Station options considered 
in this segment include Modesto downtown and Merced 
downtown. 

Both the UPRR and CCT alignments (and express loops) 
converge with BNSF southeast of Stockton.  Just north of 
Merced, a new alignment is needed to transition from 
BNSF to UPRR through Merced.  Station options 
considered in this segment include Amtrak Briggsmore 
and Merced downtown. 

Length in miles (km) 67.5 mi (108.6 km) 67.3 mi (108.3 km) 

Cost (dollars) $2.45 billion38 $2.05 billion39

Travel Time (min) 25 min 24 min 

Constructability Considerable construction issues associated with urban 
construction, including aerial structures through downtown 
Modesto and Turlock. 

Fewest potential construction impacts with minimal urban 
area traversed. 

                                                 
38 Segment cost and length ends 2.5 mi (4.0 km) southeast of Merced Downtown station (East Gerard Avenue). 
39 Segment cost and length begins 3.8 mi (6.1 km) south of Stockton ACE downtown station (Little Johns Creek). 
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UPRR with Modesto Express Loop  

(Downtown Stockton to Downtown Merced) 
Burlington Northern Santa Fe  

(Downtown Stockton to Downtown Merced) 

Potential Environmental Impacts 

Travel Conditions 

 

The UPRR and BNSF rail alignments would serve the same basic 
populations and same number of potential stations.  However, 
the UPRR alignment serves the potential downtown Modesto 
station site, whereas the BNSF serves the Modesto Briggsmore 
station site. 

The BNSF and UPRR rail alignments would serve the 
same basic populations and same number of potential 
stations.  The Merced Castle Air Force Base (AFB) station 
site is served by the BNSF alignment. 

Noise and Vibration:40  High, 
medium, and low potential impacts 

Low potential impacts in overall segment 

High potential impacts in urban areas 

 

The UPRR alignment would have higher potential noise impacts 
than the BNSF alignment.  The UPRR goes through more 
urban/developed area as it passes through the cities and 
communities that developed along the rail line.  Express services 
would travel at high speeds through these communities (220 
mph [354 kph]).  Conceptually, the UPRR alignment would have 
a substantial amount of aerial structure through Manteca, 
Modesto, Keyes, Turlock, and Atwater, which would exacerbate 
potential noise impacts (potential impacts would be rated high 
through these communities). 

Low potential impacts 

 

The BNSF avoids most of the urban development 
between Stockton and Merced, and the alignment would 
be at grade through the outskirts of Modesto 
(Briggsmore), and through Hughson, Denair, Winton, and 
Atwater.  Express services would travel at high speeds 
through these communities (220 mph [354 kph]).     
There would be an increase in noise levels due to 
increased frequency of trains.  There would be a 
reduction in noise levels due to the elimination of horn 
noise and gate noise from existing services as a result of 
the grade separations at existing grade crossings. 

Land Use and Planning, 
Communities and 
Neighborhoods, Property, and 
Environmental Justice 

Compatibility:  Medium 

Environmental Justice:  Low potential minority population 
impacts 

Community:  Low potential impacts 

Property:  Medium potential impacts 

 

The UPRR would have more potential property impacts since it 
traverses more urban land and would have more construction 
issues with aerial structures through downtown areas. 

Compatibility:  Medium 

Environmental Justice:  Low potential minority population 
impacts 

Community:  Low potential impacts 

Property:  Low potential impacts 

 

The BNSF alignment traverses primarily rural lands 
resulting in a low potential property impact and low 
potential minority population impacts. 

                                                 
40 Generally, vibration is not a significant impact. However, sensitive and specific areas, such as historical structures and special habitats, could be affected. 
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UPRR with Modesto Express Loop  

(Downtown Stockton to Downtown Merced) 
Burlington Northern Santa Fe  

(Downtown Stockton to Downtown Merced) 

Farmlands:41  Ac (ha) of 
farmland (depending on specific 
configuration with loops and 
connections) 

Farmlands:  397 ac (161 ha) 

 

The UPRR would have considerably more potential severance 
impacts than the BNSF as a result of the new alignment around 
Modesto, which would potentially impact about 97 ac (39 ha) of 
farmlands. 

Farmlands:  512 ac (207 ha) 

 

The BNSF alignment follows the existing rail right-of-way 
and may have potential severance impacts.  However, 
this alignment traverses more agricultural land than the 
UPRR alignment. 

Cultural Resources and 
Paleontological Resources:42  
Potential presence of historical 
resources in area of potential 
effect 

Known cultural resources:  120–126 

 

The potential for cultural resources and historical structures is 
greater along the UPRR alignment.  Cultural resources are 
particularly concentrated on this line between Keyes and 
Atwater. 

Known cultural resources:  47–53 

 

The BNSF traverses less urban area and has fewer 
potential impacts on sensitive cultural resources and 
historical structures than the UPRR alignment. 

Hydrology and Water  
Resources:  Potential impacts 
and associated ac (ha) of 
floodplains and linear ft (m) of 
streams within potential impact 
study areas, ac (ha) lakes/other 
water bodies within study areas. 

Floodplains:43  147–169 total ac (59–68 ha) 

Streams:44  2,450-3,300 linear ft (745-1006 linear m) 

Lakes:10 ac  (4.3 ha) 

 

Use of existing rail alignment reduces potential hydrology 
impacts. 

Floodplains:   340 total ac (138 ha) 

Streams:  2,450 linear ft (745 linear m) 

Lakes:   1.5 ac  (0.6 ha) 

 

Use of existing rail alignments reduces potential 
hydrology impacts. 

                                                 
41 The farmland resources study area is defined as 50 ft on each side of alignment centerline (100 ft [30 m] total) when the alignment is separate from an existing rail corridor.  When 
the alignment is adjacent to an existing rail corridor, the study area would extend 100 ft (30 m) from the rail right-of-way on the side the alignment would run. 
42 The archaeological area of potential effect is defined as 500 ft (152 m) on each side of the alignment centerline for new routes requiring additional right-of-way, and 100 ft (30 m) 
on each side of centerline for routes along existing highways and railroads, where very little additional right-of-way would be required.  The study area for paleontological resources is 
defined as 100 ft (30 m) on each side of alignment centerline. 
43 The study area is defined as 100 ft (30 m) on each side of the alignment centerline. 
44 The study area is defined as a total of 50 feet (25 feet on each side of alignment centerline), per representative impact analysis. 
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UPRR with Modesto Express Loop  

(Downtown Stockton to Downtown Merced) 
Burlington Northern Santa Fe  

(Downtown Stockton to Downtown Merced) 

Biological Resources Including 
Wetlands:45  Ac (ha) of wetland 
and ac (ha) of special-status 
species habitat within potential 
impact study areas 

Wetlands:46  1.0-1.3 ac (0.4-0.5 ha) 

Habitat:   150-221 ac (61-89 ha) 

Species:   5  

 

All of the threatened and endangered species along the UPRR 
alignment are vernal pool species. 

Wetlands:   4.0 ac (1.6 ha) 

Habitat:   21 ac (8.5 ha) 

Species:   4  

 

There are low potential impacts on vegetation 
communities along these alignments (land is either urban 
or agricultural uses). 

Section 4(f) and 6(f) 
Resources:47  Ac (ha) of 
parkland near HST right-of-way 

Resources rated high:  5 

 

Alignment potentially impacts Salida County Park, Tuolumne 
River Regional Park, Stanislaus County Fairgrounds, Broadway 
Park, and Central Park in Turlock. 

Resources rated high:  3 

 

Alignment potentially impacts Jacob Meyer Regional Park, 
San Joaquin County; Zerillo Park, Riverbank; Mainstreet 
Park, Escalon. 

 

                                                 
45 Databases and other sources were searched for indications of potential habitat that was considered to signify the possible presence of special-status species, but neither the 
presence of such species nor the presence of actual habitat was confirmed by review in the field. 
46 The study area is defined as a total of 50 feet (25 feet on each side of alignment centerline), per representative impact analysis. 
47 The 4(f) and 6(f) resources study area is defined as 900 ft (274m) on each side of the alignment centerline. 
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C. MERCED TO FRESNO ALIGNMENT OPTIONS 

All information presented is for the area from Merced to Fresno.  This segment is shown in Figures 6.3-3a and 6.3-3b. 

 
Union Pacific Railroad 

(Downtown Merced to Downtown Fresno) 
Burlington Northern Santa Fe  

(Downtown Merced to Downtown Fresno) 

Physical/Operational Characteristics 

Alignment Description UPRR rail alignment from Merced to Fresno.  Station 
options considered in this segment include Fresno 
downtown station. 

A new alignment may be needed to transition from UPRR 
to BNSF south of Merced.  Just north of Fresno, a new 
alignment is needed to transition from BNSF to UPRR 
through Fresno.  Station options considered in this 
segment include Fresno downtown station. 

Length in miles (km) 55 mi (89 km) 57 mi (92 km) 

Cost (dollars) $1.86 billion48 $1.45 billion49

Travel Time (min) 20 min 21 min 

Constructability Considerable construction issues associated with urban 
construction, including aerial structures through 
downtown Madera.  

Fewest potential construction impacts with minimal urban 
area traversed. 

Potential Environmental Impacts 

Travel Conditions The UPRR and BNSF rail alignments would serve the 
same basic populations and same number of potential 
stations. 

The BNSF and UPRR rail alignments would serve the 
same basic populations and same number of potential 
stations. 

                                                 
48 Segment cost and length begins about 2.5 mi (4.0 km) southeast of Merced downtown station (East Gerard Avenue). 
49 Segment cost and length end about 2.5 mi (4.0 km) southeast of Fresno downtown station (East Jensen Avenue). 
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Union Pacific Railroad 

(Downtown Merced to Downtown Fresno) 
Burlington Northern Santa Fe  

(Downtown Merced to Downtown Fresno) 

Noise and Vibration:50  High, 
medium, and low potential impacts  

Low potential impacts in overall segment. 

High potential impacts in urban areas. 

 

The UPRR alignment would have higher potential noise 
impacts than the BNSF alignment.  The UPRR goes 
through more urban/developed area as it passes through 
the towns and communities that developed along the rail 
line.  Express services would travel at high speeds 
through these communities (220 mph [354 km]).  
Conceptually, the UPRR alignment would have a 
substantial amount of aerial structure through Chowchilla 
and Madera, which would exacerbate potential noise 
impacts.  Potential noise impacts would be high through 
Madera. 

Low potential impacts. 

 

The BNSF avoids most of the urban development 
between Merced and Fresno, and the alignment would be 
at grade through Le Grand and the outskirts of Madera.  
Express services would travel at high speeds through 
these communities (220 mph [354 km]).  There would be 
an increase in noise levels due to increased frequency of 
trains.  There would be a reduction in noise levels due to 
the elimination of horn noise and gate noise from existing 
services as a result of the grade separations at existing 
grade crossings. 

Land Use and Planning, 
Communities and Neighborhoods, 
Property, and Environmental 
Justice 

Compatibility:  Medium 

Environmental Justice:  Minority populations present at 
points along alignment option  

Community:  Low potential impacts 

Property:  The UPRR would have more potential property 
impacts since it traverses more urban land and would 
have more construction issues with aerial structures 
through downtown areas. 

Compatibility:  Medium 

Environmental Justice:  Minority populations present at 
points along alignment option 

Community:  Low potential impacts 

Property:  The BNSF alignment traverses primarily rural 
lands resulting in a low potential property impact. 

Farmlands:51  Ac (ha) of farmland 
(depending on specific configuration 
with loops and connections) 

Farmlands:  295–399 ac (119–161 ha) 

 

Low potential severance impacts using existing rail 
alignment between Merced and Fresno. 

Farmlands:  497–601 ac (201–243 ha) 

 

Potential severance impacts for new alignment transitions 
between UPRR and BNSF south of Merced and north of 
Fresno. 

                                                 
50 Generally, ‘vibration’ is not a significant impact. However, sensitive and specific areas such as historic structures, special habitats, etc. may be affected. 
51 The farmland resources study area is defined as 50 ft on each side of alignment centerline (100 ft [30 m] total) when the alignment is separate from an existing rail corridor.  When 
the alignment is adjacent to an existing rail corridor, the study area would extend 100 ft (30 m) from the rail right-of-way on the side the alignment would run. 
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Union Pacific Railroad 

(Downtown Merced to Downtown Fresno) 
Burlington Northern Santa Fe  

(Downtown Merced to Downtown Fresno) 

Cultural Resources and 
Paleontological Resources:52  
Potential presence of historical 
resources in area of potential effect 

Known cultural resources:  11–16 

 

Potential impacts to cultural resources and historical 
structures are somewhat greater along the UPRR 
alignment than the BNSF alignment.   

Known cultural resources:  5–10 

 

The BNSF traverses less urban area and has fewer 
potential impacts on sensitive cultural resources and 
historical structures than the UPRR alignment. 

Hydrology and Water Resources:  
Potential impacts and associated ac 
(ha) of floodplains and linear ft (m) of 
streams within potential impact study 
areas, ac (ha) lakes/other water 
bodies within study areas. 

Floodplains:53  336–338 total ac (136–137 ha) 

Streams:54  2,500 linear ft (762 linear m) 

Lakes:   0.6 ac (0.2 ha) 

 

Use of existing rail alignment reduces potential hydrology 
impacts. 

Floodplains:   321–326 total ac (130–132 ha) 

Streams:  3,550 linear ft (1,082 linear m) 

Lakes:   1.9 ac (0.8 ha) 

 

New alignment transitions (to/from UPRR) and greater 
number of stream crossings result in slightly higher 
potential impacts for BNSF. 

Biological Resources Including 
Wetlands:55  Ac (ha) of wetland and 
ac (ha) of special-status species 
habitat within potential impact study 
areas 

Wetlands:   2.0 ac (0.8 ha) 

Habitat:   78 ac (32 ha) 

Species:   9 sensitive species and habitat occurrences 

 

  Both UPRR and BNSF would have relatively few potential 
impacts on sensitive vegetation communities. 

Wetlands:   3.4 ac (1.4 ha) 

Habitat:   87 ac (35 ha) 

Species:   13  

The BNSF alignment traverses annual grasslands, but 
minimizes potential impacts by utilizing the existing rail 
alignment for most of the segment. 

 

                                                 
52 The archaeological area of potential effect is defined as 500 ft (152 m) on each side of the alignment centerline for new routes requiring additional right-of-way, and 100 ft (30 m) 
on each side of centerline for routes along existing highways and railroads, where very little additional right-of-way would be required.  The study area for paleontological resources is 
defined as 100 ft (30 m) on each side of alignment centerline. 
53 The study area is defined as 100 ft (30 m) on each side of the alignment centerline. 
54 The study area is defined as a total of 50 feet (25 feet on each side of alignment centerline), per representative impact analysis. 
55 Databases and other sources were searched for indications of potential habitat that was considered to signify the possible presence of special-status species, but neither the 
presence of such species nor the presence of actual habitat was confirmed by review in the field. 
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D. FRESNO TO BAKERSFIELD ALIGNMENT OPTIONS 

All information presented is for the area from Fresno to Bakersfield.  This segment is shown in Figures 6.3-4a and 6.3-4b. 

 Union Pacific Railroad Burlington Northern Santa Fe 

 
Downtown Fresno to 
Golden State Station 

Downtown Fresno 
to Truxton Station 

(Bakersfield 
connector to 

BNSF) 

Downtown Fresno 
to Golden State 

Station (new 
alignment around 

Tulare) 

Downtown Fresno 
to Truxton Station 

(downtown 
Truxton Station 

loop) 
Downtown Fresno 
to Truxton Station 

Downtown Fresno 
to Golden State 

Station 
(Bakersfield 
connector to 

UPRR) 

Physical/Operational Characteristics 

Alignment 
Description56

UPRR rail alignment 
from Fresno to 
Bakersfield (Golden 
State station).  Station 
options considered in 
this segment include 
Visalia Airport and 
Bakersfield Golden 
State. 

UPRR rail alignment 
from Fresno to 
Bakersfield (Truxton 
station) with a 
transition north of 
Bakersfield to BNSF.  
Station options 
considered in this 
segment include 
Visalia Airport and 
Truxton (BNSF). 

UPRR rail alignment 
from Fresno to 
Bakersfield using a 
new alignment 
bypass around the 
Tulare urban area.  
Station options 
considered in this 
segment include 
Visalia Airport and 
Bakersfield Golden 
State. 

UPRR rail alignment 
from Fresno to 
Bakersfield (Truxton 
station) with a loop 
line in Bakersfield to 
serve the Truxton site.  
Station options 
considered in this 
segment include 
Visalia Airport and 
Truxton (BNSF). 

BNSF rail alignment 
from Fresno to 
Bakersfield (Truxton 
station).  Station 
options considered 
in this segment 
include Truxton 
(BNSF). 

BNSF rail alignment 
from Fresno to 
Bakersfield (Golden 
State station) with a 
transition north of 
Bakersfield to the 
UPRR.  Station 
options considered in 
this segment include 
Bakersfield Golden 
State. 

Length in mi (km) 106 mi (171 km) 111 mi (179 km) 106 mi (171 km) 108 mi (174 km) 111 mi (179 km) 109 mi (175 km) 

Cost57 (dollars) $2.55 billion $3.09 billion $2.54 billion $2.99 billion $2.71 billion  $2.26 billion

Travel Time (min) 35 min 37 min 35 min 35 min 36 min 36 min 

                                                 
56 Golden State option ends about 2.5 mi (4.0 km) southeast of Golden State station (at Beale Avenue).  Truxton option ends at Truxton station (at Union Avenue). 
57 Segment cost and length begins about 2.5 mi (4.0 km) southeast of Fresno downtown Station (East Jensen Avenue). 
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 Union Pacific Railroad Burlington Northern Santa Fe 

 
Downtown Fresno to 
Golden State Station 

Downtown Fresno 
to Truxton Station 

(Bakersfield 
connector to 

BNSF) 

Downtown Fresno 
to Golden State 

Station (new 
alignment around 

Tulare) 

Downtown Fresno 
to Truxton Station 

(downtown 
Truxton Station 

loop) 
Downtown Fresno 
to Truxton Station 

Downtown Fresno 
to Golden State 

Station 
(Bakersfield 
connector to 

UPRR) 

Constructability Considerable 
construction issues 
associated with urban 
construction, including 
aerial structures 
through downtown 
Selma, Traver, Goshen, 
Tulare, Pixley, and 
Delano.  However, 
fewest potential 
construction impacts 
through Bakersfield 
(mostly at grade). 

Same construction 
issues as the 
downtown Fresno to 
Golden State station 
option, with 
additional potential 
impacts using BNSF 
through Bakersfield.  
More aerial structure 
through Bakersfield 
would have 
considerable 
construction issues.  

Same construction 
issues as the 
downtown Fresno to 
Golden State station 
option, except the 
alignment avoids 
Tulare urban area.   

Same construction 
issues as the 
downtown Fresno to 
Golden State station 
option, with additional 
potential impacts from 
Truxton loop through 
Bakersfield.  More 
aerial structure 
through Bakersfield 
would have 
considerable 
construction issues. 

Fewer potential 
construction impacts 
with minimal urban 
area traversed as 
compared to UPRR 
north of Bakersfield.  
More difficult 
construction and 
aerial structure 
through Bakersfield 
than UPRR. 

Fewer potential 
construction impacts 
with minimal urban 
area traversed.  
Fewest potential 
impacts through 
Bakersfield. 

Potential Environmental Impacts 

Travel Conditions This alignment option 
would serve potential 
stations at Visalia 
Airport and Bakersfield 
Golden State station or 
Bakersfield Airport 
station sites. 

This alignment option 
would serve potential 
stations at Visalia 
Airport and 
Bakersfield Truxton 
station.  The Truxton 
station would have 
the highest 
connectivity and 
accessibility for 
Bakersfield. 

This alignment 
option would serve 
potential stations at 
Visalia Airport and 
Bakersfield Golden 
State station or 
Bakersfield Airport 
station sites. 

This alignment option 
would serve potential 
stations at Visalia 
Airport and 
Bakersfield Truxton 
station.  The Truxton 
station would have 
the highest 
connectivity and 
accessibility for 
Bakersfield. 

This alignment 
option would serve 
potential stations at 
Hanford and 
Bakersfield Truxton 
station.  Truxton 
station would have 
the highest 
connectivity and 
accessibility for 
Bakersfield. 

This alignment option 
would serve potential 
stations at Hanford 
and Bakersfield 
Golden State station 
or Bakersfield Airport 
station sites. 
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 Union Pacific Railroad Burlington Northern Santa Fe 

 
Downtown Fresno to 
Golden State Station 

Downtown Fresno 
to Truxton Station 

(Bakersfield 
connector to 

BNSF) 

Downtown Fresno 
to Golden State 

Station (new 
alignment around 

Tulare) 

Downtown Fresno 
to Truxton Station 

(downtown 
Truxton Station 

loop) 
Downtown Fresno 
to Truxton Station 

Downtown Fresno 
to Golden State 

Station 
(Bakersfield 
connector to 

UPRR) 

Noise and 
Vibration:58  High, 
medium, and low 
potential impacts  

Low potential impacts 
in overall segment. 

High potential impacts 
in urban areas. 

 

Although a majority of 
the alignment would 
have low potential 
impacts, the UPRR 
would have high 
potential noise impacts 
in urban areas where 
the alignment is 
predominately on aerial 
structure (Selma, 
Traver, Goshen, Tulare, 
Pixley, and Delano).  
Express services travel 
at high speeds through 
these communities (220 
mph [354 km]).  
However, UPRR would 
have fewer potential 
noise impacts than 
BNSF through 
Bakersfield. 

Low potential impacts 
in overall segment. 

High potential 
impacts in urban 
areas. 

 

High potential for 
noise in urban areas.  
Higher potential 
impacts in Bakersfield 
using BNSF. 

Low potential 
impacts in overall 
segment. 

High potential 
impacts in urban 
areas. 

 

Potential noise 
impacts for Tulare 
area would be 
reduced by an 
estimated 12–16% 
compared to other 
alignments. 

Low potential impacts 
in overall segment.  

High potential impacts 
in urban areas. 

 

Potential noise 
impacts would 
increase with two 
alignments through 
Bakersfield. 

Low potential 
impacts in overall 
segment.  

 High potential 
impacts in urban 
areas. 

 

BNSF alignments 
have less potential 
noise impacts than 
UPRR because they 
are outside urban 
areas.  BNSF is 
assumed to need 
substantial aerial 
structure through 
Hanford and 
Shafter.  Express 
services would travel 
at high speeds 
through Shafter 
(220 mph [354 
km]), resulting in 
high potential 
impacts.  BNSF 
would have more 
potential noise 
impacts than UPRR 
through Bakersfield 
(mostly aerial). 

Low potential impacts 
in overall segment. 

 

Fewer potential noise 
impacts.  Fewer 
potential impacts 
through Bakersfield 
by using UPRR 
alignment.  This 
alignment avoids 
potential impacts on 
the Town of Shafter. 

                                                 
58 Generally, vibration is not a significant impact. However, sensitive and specific areas, such as historical structures and special habitats, could be affected. 
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 Union Pacific Railroad Burlington Northern Santa Fe 

 
Downtown Fresno to 
Golden State Station 

Downtown Fresno 
to Truxton Station 

(Bakersfield 
connector to 

BNSF) 

Downtown Fresno 
to Golden State 

Station (new 
alignment around 

Tulare) 

Downtown Fresno 
to Truxton Station 

(downtown 
Truxton Station 

loop) 
Downtown Fresno 
to Truxton Station 

Downtown Fresno 
to Golden State 

Station 
(Bakersfield 
connector to 

UPRR) 

Land Use and 
Planning, 
Communities and 
Neighborhoods, 
Property, and 
Environmental 
Justice 

Compatibility:  Medium-
low 

Environmental Justice:  
Minority populations 
present at points along 
the alignment option  

Community:  Low 
potential impacts 

Property:  Low potential 
impacts 

 

North of Bakersfield, 
UPRR would have more 
potential property 
impacts than BNSF 
since it traverses more 
urban land and would 
have more construction 
issues with aerial 
structures through 
downtown areas.  
However, UPRR would 
have less potential 
impact through 
Bakersfield and outlying 
metropolitan area. 

Compatibility:  
Medium-low 

Environmental 
Justice:  Minority 
populations present 
at points along the 
alignment option  

Community:  Low 
potential impacts 

Property:  Low 
potential impacts 

 

More potential 
impacts than UPRR 
alignment through 
Bakersfield.  Potential 
severance impacts 
with transition to 
BNSF. 

Compatibility:  
Medium-low 

Environmental 
Justice:  Minority 
populations present 
at points along the 
alignment option  

Community:  Low 
potential impacts 

Property:  Low 
potential impacts 

 

Tulare bypass loop 
would decrease 
potential property 
impacts and 
potential community 
impacts through 
Tulare, but new 
alignment through 
agricultural lands 
would not be 
compatible with 
existing and future 
plans. 

Compatibility:  
Medium-low 

Environmental Justice:  
Low potential minority 
population impacts 

Community:  Low 
potential impacts 

Property:  Low 
potential impacts 

 

This option would 
have similar potential 
impacts to UPRR 
downtown Fresno to 
Golden State station 
option. 

Compatibility:  
Medium 

Environmental 
Justice:  Minority 
populations present 
at points along the 
alignment option  

Community:  Low 
potential impacts 

Property:  Low 
potential impacts  

 

North of Bakersfield, 
BNSF would have 
fewer potential 
property impacts 
than UPRR since it 
traverses more 
urban land and 
would have more 
construction issues 
with aerial 
structures through 
downtown areas.  
However, BNSF has 
more potential 
impacts through 
Bakersfield and 
outlying 
metropolitan area. 

Compatibility:  
Medium 

Environmental 
Justice:  Minority 
populations present 
at points along the 
alignment option  

Community:  Low 
potential impacts 

Property:  Low 
potential impacts 

 

Fewer potential 
impacts than BNSF 
through Bakersfield.  
Potential severance 
impacts with 
transition to UPRR. 
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 Union Pacific Railroad Burlington Northern Santa Fe 

 
Downtown Fresno to 
Golden State Station 

Downtown Fresno 
to Truxton Station 

(Bakersfield 
connector to 

BNSF) 

Downtown Fresno 
to Golden State 

Station (new 
alignment around 

Tulare) 

Downtown Fresno 
to Truxton Station 

(downtown 
Truxton Station 

loop) 
Downtown Fresno 
to Truxton Station 

Downtown Fresno 
to Golden State 

Station 
(Bakersfield 
connector to 

UPRR) 

Farmlands:59  Ac 
(ha) potentially 
affected 

Farmland:  706 ac (286 
ha) 

 

UPRR rail alignment 
may have potential 
impacts on farmlands. 

Farmland:  726 ac 
(294 ha) 

 

Transition to BNSF 
adds 20 ac (8 ha) of 
potentially impacted 
farmland and may 
have potential 
severance impacts. 

Farmland:  752 ac 
(304 ha) 

 

Bypass of Tulare 
adds 46 ac (19 ha) 
of potentially 
impacted farmland, 
and would have 119 
ac (48 ha) with 
potential severance 
impacts. 

Farmland:  706 ac 
(286 ha) 

 

UPRR rail alignment 
would have fewer 
potential impacts on 
farmlands. 

Farmland:  1,060 ac 
(429 ha) 

 

BNSF would 
potentially impact 
more farmlands than 
UPRR. 

Farmland:  1,093 ac 
(442 ha) 

 

BNSF would 
potentially impact 
more farmlands than 
UPRR.  Transition to 
UPRR would add 33 
ac (13 ha) of 
potentially impacted 
farmland and may 
have potential 
severance impacts. 

Cultural 
Resources and 
Paleontological 
Resources:60  
Potential presence of 
historical resources 
in area of potential 
effect 

Known cultural 
resources:  51–52 

 

Potential impacts to 
cultural resources and 
historical structures are 
greater along the UPRR 
alignment. 

Known cultural 
resources:  52–53 

 

Potential impacts to 
cultural resources 
and historical 
structures are greater 
along the UPRR 
alignment. 

Known cultural 
resources:  41–42 

 

Potential impacts to 
cultural resources 
and historical 
structures are 
greater along the 
UPRR alignment.  
Avoids cultural and 
historic resources 
through Tulare. 

Known cultural 
resources:  59–60 

 

Potential impacts to 
cultural resources and 
historical structures 
are greater along the 
UPRR alignment.  
Additional potential 
impacts through 
Bakersfield for 
Truxton loop. 

Known cultural 
resources:  19-20 

 

BNSF traverses less 
urban area and has 
fewer potential 
impacts on sensitive 
cultural resources 
and historical 
structures than the 
UPRR alignment. 

Known cultural 
resources:  17–18 

 

The BNSF traverses 
less urban area and 
has fewer potential 
impacts on sensitive 
cultural resources 
and historical 
structures than the 
UPRR alignment. 

                                                 
59 The farmland resources study area is defined as 50 ft on each side of alignment centerline (100 ft [30 m] total) when the alignment is separate from an existing rail corridor.  When 
the alignment is adjacent to an existing rail corridor, the study area would extend 100 ft (30 m) from the rail right-of-way on the side the alignment would run. 
60 The archaeological area of potential effect is defined as 500 ft (152 m) on each side of the alignment centerline for new routes requiring additional right-of-way, and 100 ft (30 m) 
on each side of centerline for routes along existing highways and railroads, where very little additional right-of-way would be required.  The study area for paleontological resources is 
defined as 100 ft (30 m) on each side of alignment centerline. 
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 Union Pacific Railroad Burlington Northern Santa Fe 

 
Downtown Fresno to 
Golden State Station 

Downtown Fresno 
to Truxton Station 

(Bakersfield 
connector to 

BNSF) 

Downtown Fresno 
to Golden State 

Station (new 
alignment around 

Tulare) 

Downtown Fresno 
to Truxton Station 

(downtown 
Truxton Station 

loop) 
Downtown Fresno 
to Truxton Station 

Downtown Fresno 
to Golden State 

Station 
(Bakersfield 
connector to 

UPRR) 

Hydrology and 
Water Resources:  
Potential impacts 
and associated linear 
feet (linear m) of 
floodplains and 
linear ft (m) of 
streams within 
potential impact 
study areas, ac (ha) 
lakes/other water 
bodies within study 
areas. 

Floodplains:   113,221–
113,992 linear ft 
(34,510–34,745 
linear m) 

Streams:  3,400 ft 
(1036 m) 

Lakes:62  0.6 ac (0.2 
ha) 

Use of existing rail 
alignment reduces 
potential hydrology 
impacts. 

Floodplains:61  
119,389–120,144 
linear ft (36,390–
36,620 linear m) 

Streams:62  3,550  ft 
(1082 m) 

Lakes:   0.5 ac (0.2 
ha) 

 

Use of existing rail 
alignment reduces 
potential hydrology 
impacts. 

Floodplains:   
114,763–115,531 
linear ft (34,980–
35,214 linear m) 

Streams: 3500 ft 
(1067 m) 

Lakes:   0.9 ac (0.4 
ha) 

 

Use of existing rail 
alignment reduces 
potential hydrology 
impacts. 

Floodplains:   
122,457–123,225 
linear ft (37,325–
37,559 linear m) 

Streams:  3,550 ft 
(1082 m) 

Lakes:   0.5 ac (0.2 
ha) 

 

Use of existing rail 
alignment reduces 
potential hydrology 
impacts. 

  97,244–97,998 
linear ft (29,640–
29,870 linear m) 

Stream62 :  2,700 ft 
(823 m) 

Lakes:  0.5 ac (0.2 
ha) 

 

Use of existing rail 
alignment reduces 
potential hydrology 
impacts. 

Floodplains:   88,008–
89,435 linear ft 
(26,824–27,260 
linear m) 

Streams: 2,900 ft 
(884  m) 

Lakes:  0.6 ac (0.2 
ha) 

 

Use of existing rail 
alignment reduces 
potential hydrology 
impacts. 

                                                 
61 The study area is defined as 100 ft (30 m) on each side of the alignment centerline. 
62 The study area is defined as a total of 50 feet (25 feet on each side of alignment centerline), per representative impact analysis. 
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 Union Pacific Railroad Burlington Northern Santa Fe 

 
Downtown Fresno to 
Golden State Station 

Downtown Fresno 
to Truxton Station 

(Bakersfield 
connector to 

BNSF) 

Downtown Fresno 
to Golden State 

Station (new 
alignment around 

Tulare) 

Downtown Fresno 
to Truxton Station 

(downtown 
Truxton Station 

loop) 
Downtown Fresno 
to Truxton Station 

Downtown Fresno 
to Golden State 

Station 
(Bakersfield 
connector to 

UPRR) 

Biological 
Resources 
Including 
Wetlands:63  Ac 
(ha) of wetland Ac 
(ha) of wetland and 
ac (ha) of special-
status species 
habitat and number 
of special-status 
species within 
potential impact 
study areas  

Wetlands:64  3.0 ac  
(1.2  ha) 

Habitat:   258 ac (104 
ha) 

Species:   5 

 

UPRR alignments would 
have fewer potential 
wetland impacts than 
BNSF. 

Wetlands:  5.1 ac (2.1 
ha) 

Habitat:   346 ac (140 
ha) 

Species:   5 

 

UPRR alignments 
would have fewer 
potential wetland 
impacts than BNSF.  
The new alignment 
transition to BNSF 
would increase 
potential wetlands 
and severance 
impacts  

Wetlands:3.0 ac (1.2 
ha)Habitat:   246 
(100 ha) 

Species:  6 

 

UPRR alignments 
would have fewer 
potential wetland 
impacts than BNSF. 

Wetlands:  3.8 ac (1.5 
ha) 

Habitat:  262 ac (106 
ha) 

Species:   4 

 

UPRR alignments 
would have fewer 
potential wetland 
impacts than BNSF.  
The additional loop to 
serve the Truxton 
station site would 
increase the wetlands 
potentially impacted 
(35–37 ac [14–15 ha] 
more). 

Wetlands:   5.3 ac 
(2.1 ha) 

Habitat:   605 ac 
(245 ha) 

Species:   6 

 

BNSF has more 
wetlands potentially 
impacted.   

Wetlands:  3.6 ac 
(1.5 ha) 

Habitat:  537 ac (217  
ha) 

Species:  6 

 

BNSF has more 
wetlands potentially 
impacted.  . 

                                                 
63 Databases and other sources were searched for indications of potential habitat that was considered to signify the possible presence of special-status species, but neither the 
presence of such species nor the presence of actual habitat was confirmed by review in the field. 
64 The study area is defined as a total of 50 feet (25 feet on each side of alignment centerline), per representative impact analysis. 
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 Union Pacific Railroad Burlington Northern Santa Fe 

 
Downtown Fresno to 
Golden State Station 

Downtown Fresno 
to Truxton Station 

(Bakersfield 
connector to 

BNSF) 

Downtown Fresno 
to Golden State 

Station (new 
alignment around 

Tulare) 

Downtown Fresno 
to Truxton Station 

(downtown 
Truxton Station 

loop) 
Downtown Fresno 
to Truxton Station 

Downtown Fresno 
to Golden State 

Station 
(Bakersfield 
connector to 

UPRR) 

Section 4(f) and 
6(f) Resources:65  
Ac (ha) of parkland 
near HST right-of-
way 

Resources rated high:  
4 

 

Alignment potentially 
impacts W.H. Shafer 
Park, Selma; Centennial 
Park, Tulare; 
Metropolitan 
Recreational Center, 
Bakersfield; Wells Park, 
Bakersfield. 

Resources rated high:  
4  

 

Alignment potentially 
impacts W.H. Shafer 
Park, Selma; 
Centennial Park, 
Tulare; Metropolitan 
Recreational Center, 
Bakersfield; Wells 
Park, Bakersfield.  

Resources rated 
high:  4 

 

Alignment potentially 
impacts W.H. Shafer 
Park, Selma; 
Centennial Park, 
Tulare; Metropolitan 
Recreational Center, 
Bakersfield; Wells 
Park, Bakersfield. 

Resources rated high:  
4  

 

Alignment potentially 
impacts W.H. Shafer 
Park, Selma; 
Centennial Park, 
Tulare; Metropolitan 
Recreational Center, 
Bakersfield; Wells 
Park, Bakersfield. 

Resources rated 
high:  2  

 

Alignment 
potentially impacts 
Colonel Allensworth 
State Historical Park, 
Tulare County; 
Pixley National 
Wildlife Refuge, 
Tulare County. 

Resources rated high:  
2  

 

Alignment potentially 
impacts Colonel 
Allensworth State 
Historical Park, Tulare 
County; Pixley 
National Wildlife 
Refuge, Tulare 
County. 

 

                                                 
65 The 4(f) and 6(f) resources study area is defined as 900 ft (274m) on each side of the alignment centerline. 
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California High-Speed Train Final Program EIR/EIS High-Speed Train Alignment Options Comparison 

6.3.2 Sacramento to Bakersfield Station Options 

The station options for this region are shown in Figures 6.3-5a and 6.3-5b. 

Station Name 
(Alignment) Discussion 

Downtown Sacramento 

Downtown Sacramento 
(UPRR and CCT/BNSF) 

The Sacramento downtown station has better connectivity in Sacramento than the Power Inn Road station location.  The downtown 
station site is located in downtown Sacramento and is within walking distance of the State Capitol.  This multimodal station location 
serves the existing Amtrak services to Sacramento, including the Capitol Corridor, and the Sacramento LRT is being extended to 
directly link to this station site.  This site also has good access to I-5.  Since the downtown station would offer greater connectivity to 
downtown Sacramento and the Sacramento region, total travel times to the downtown station are expected to be better than to the 
Power Inn station.  The downtown station would have high ridership potential.  Intercity ridership forecasts estimate between 7.2 and 
12.2 million total boardings and alightings annually by 2020. 

The Sacramento downtown station is estimated to cost $224 million.  The alignment between Power Inn Road and the downtown 
station would be on 4.27 mi (6.87 km) of aerial structure with considerable potential construction impacts.  The downtown station 
HST station platforms would be constructed on an aerial structure (above the platforms for existing rail services). 

The Sacramento downtown station would have low potential impacts on biological resources and hydrology, and fewer visual quality 
potential impacts than the Power Inn Road station option.  This site would potentially impact 6.6 ac (2.7 ha) of parkland and would 
have high potential cultural resource impacts.  There is a majority of ethnic minority and low income population near the station area. 

Power Inn Road  
(UPRR and CCT/BNSF) 

The Power Inn Road station site has good intermodal access to the Sacramento LRT and US-50.  The Power Inn station would have 
about a 3-min shorter line-haul travel time to Sacramento than the downtown Sacramento station, since the trains would travel at 
relatively slow speeds between Power Inn and the downtown site (about a 7.5-mi [12-km] distance).  However, it is located outside 
of downtown Sacramento, more than 5 mi (8 km) from the State Capitol.  The Power Inn station would have less ridership potential 
than the downtown station and is rated as having low connectivity and accessibility. 

The Power Inn station is estimated to cost $224 million.  The shorter alignment associated with this station option is expected to 
result in a total of $424 million less construction costs than the downtown station.  This station site would have low potential impacts 
on cultural resources, biological resources, and hydrology.  This site would have a greater potential for property acquisition than the 
downtown station.  There is a majority of ethnic minority and low income population near the station area. 
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Station Name 
(Alignment) Discussion 

Stockton 

Stockton Downtown ACE 
(BNSF express loop and 
UPRR express loop) 

The Stockton downtown (ACE) station has high ridership potential, maximizes connectivity with good freeway access and bus transit 
services, and would share the site with ACE commuter rail and present Amtrak services.  Intercity ridership forecasts estimate 
between 1.1 and 1.7 million total boardings and alightings annually by 2020.  The station is estimated to cost $10.0 million.66

This station would have low potential impacts on cultural resources, biological resources, and hydrology.  It could potentially impact 
parklands.  There is a majority of ethnic minority and low income population near the station area.  Improvements to this existing 
station area would potentially impact and benefit the surrounding community. 

Modesto 

Amtrak Briggsmore 
(BNSF) 

The Amtrak Briggsmore station is about 5 mi (8 km) east of downtown Modesto.  This is the site of a new Amtrak station with direct 
connection to Amtrak services and bus services.  Intercity ridership forecasts estimate between 1.3 and 1.7 million total boardings 
and alightings annually by 2020 for the Modesto HST station.  The station is estimated to cost $ 32.4 million. 

The Amtrak Briggsmore station option would have low potential impacts on cultural resources, biological resources, and hydrology.  
This option could have potential impacts to parkland. 

Downtown Modesto SP 
(UPRR) 

The downtown Modesto station maximizes connectivity to downtown Modesto, and provides convenient access to SR-99 and good 
bus transit access.  This option through downtown Modesto would be on an aerial structure and have considerable construction issues 
as compared to the Amtrak Briggsmore site.  Intercity ridership forecasts estimate between 1.3 and 1.7 million total boardings and 
alightings annually by 2020 for the Modesto HSR station (same as for the Amtrak Briggsmore option).  The station is estimated to 
cost $165 million. 

The downtown Modesto station would have low potential impacts on biological resources and hydrology, but would have 
medium/high potential impacts on cultural resources.  There is a majority of ethnic minority and low income population near the 
station area. 

                                                 
66 Shared-use station includes modification to existing platforms and passenger facilities only within existing right-of-way.  Does not include full express and stopping track 
configuration assumed for HST stations on dedicated high-speed lines. 
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Station Name 
(Alignment) Discussion 

Merced 

Downtown Merced UPRR 
(UPRR/BNSF) 

The downtown Merced station is located near the city center and transit hub of Merced, has good access to SR-99, is located at the 
bus transit hub for Merced, and would have the highest level of connectivity of the three Merced locations.  Intercity ridership 
forecasts estimate between 0.4 and 0.5 million total boardings and alightings annually by 2020 for each of the Merced HST station 
options (assuming a Pacheco Pass alignment to connect to the Bay Area).  The downtown Merced option would have higher 
construction issues than the other station options which are located outside of the Merced urban area, and four tracks would be 
needed through downtown Merced to accommodate express services.  The station is estimated to cost $32.4 million. 

The downtown Merced station would have low potential impacts on biological resources and stream crossings and low/medium 
potential impacts on cultural resources.  This site would have high potential floodplains impacts (18 ac [7 ha]) and would potentially 
impact 1.2 ac (0.5 ha) of parkland.  There is a majority of ethnic minority and low income population near the station area.  Although 
express trains would run through Merced at speeds of about 220 mph (354 kph), potential noise impacts through Merced are 
expected to be moderate because of mostly commercial and industrial land uses adjacent to the freight railroad.  Many of the 
potential noise impacts could be offset by grade separating the adjacent freight services and eliminating horn noise and noise from 
warning gates. 

Downtown Merced UPRR 
(UPRR/BNSF with express 
loop) 

This option would have two tracks through Merced (for HST service stopping in Merced) and two tracks on a new alignment outside 
the Merced urban area for express services that would bypass Merced.  This option would have the same connectivity and ridership 
potential as the downtown Merced option. 

The downtown Merced station is expected to cost $10.0 million.67  The express loop would decrease construction issues and costs 
through downtown Merced, but would increase overall capital costs by $267 million because of 12.8 mi (20.6 km) of additional 
alignment construction required for the express loop. 

With this option, only HST trains stopping in Merced (and traveling at reduced speeds) would go through Merced.  Noise would be 
reduced through Merced because there would be fewer trains, traveling at slower speeds.  However, analysis for express loops in the 
Central Valley suggests that there would be only an estimated 12–16% reduction in potential noise impacts by moving the high-speed 
mainline (express) tracks outside urbanized areas.  The relatively modest decrease in potential noise impacts is attributed to three 
factors:  1) there would be some potential residential impacts along the new express loop, 2) much of the surrounding land uses of 
the freight line through downtown Merced are industrial/commercial, and 3) the express loop results in potential noise impacts on two 
corridors as opposed to one. 

The express loop would potentially impact an additional 127–135 ac (51–55 ha) of farmland, and this new alignment would have 
potential severance impacts on farmlands.  The express loop would potentially impact an additional 24–28 acres (10–11 ha) of 
wetlands, 4–5 stream crossings, and 280 ac (113 ha) more floodplains.  This potential station site would have potential minority 
population impacts. 

                                                 
67 Local service station includes modification to existing platforms and passenger facilities only within existing right-of-way.  Does not include full express and stopping track 
configuration assumed for HST stations on dedicated high-speed lines. 
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Station Name 
(Alignment) Discussion 

Castle Air Force Base 
(BNSF using UPRR through 
urban Merced) 

The Castle AFB site is about 7 mi (11 km) from downtown Merced but would provide easy access to the developing UC Merced 
campus via a new highway alignment along Bellevue Avenue.  This option would have less connectivity and accessibility than the 
downtown Merced station option but is estimated to have similar intercity ridership and revenue. 

This option would have an additional two-track loop constructed on new alignment to serve the Castle AFB station site.  This option 
would have fewer potential construction impacts (since only two tracks would be required through Merced).  The station itself is 
expected to cost $32.4 million. 

This Castle AFB option would have low potential impacts on cultural resources and biological resources.  This station option would 
have potential minority population impacts.  However, it is surrounded by agricultural land that is not compatible with HST service. 

Castle loop would have about the same potential biological impacts as the downtown Merced station option (without the Castle loop).  
It would have 10 ac (4 ha) more floodplains, 1 more stream crossing, 3 ac (1 ha) more of parkland, and more potential impacts on 
cultural resources (25 more known cultural resources).  Potential noise impacts through Merced would be about the same as the 
downtown Merced station option. 

Castle Air Force Base 
(BNSF using new alignment 
around urban Merced) 

The Castle AFB site is about 7 mi (11 km) from downtown Merced, but would provide easy access to the developing UC Merced 
campus via a new highway alignment along Bellevue Avenue.  This option would have less connectivity and accessibility than the 
downtown Merced station option but is estimated to have similar intercity ridership and revenue. 

This option would have an additional two-track new alignment loop line constructed to serve Castle AFB station site and a new 
alignment around Merced to bypass the urban area.  This option would eliminate potential construction impacts through Merced but 
would have potential land use and farmland impacts along the new alignment.  The station itself is expected to cost $32.4 million. 

The option would have low potential impacts on cultural and biological resources.  This station option would have potential minority 
population impacts.  It is surrounded by agricultural land that is not compatible with HST service.  This option would potentially 
impact an additional 50–65 ac (20–26 ha) of farmlands and would have 127–135 ac (51–55 ha) of farmland with potential severance 
impacts.  This option is estimated to reduce potential noise impacts through Merced by 12–16%. 

Merced Municipal Airport 
(UPRR/BNSF) 

The Merced Municipal Airport site would be less than 2 mi (3 km) from downtown Merced.  This option would have less connectivity 
and accessibility than the downtown Merced station option but is estimated to have similar intercity ridership and revenue. 

This option would have 12.8 mi (20.6 km) of new alignment around Merced to bypass the urban area.  This option would eliminate 
potential construction impacts through Merced and is estimated to cost $283 million less than an alignment through downtown 
Merced.  The station itself is expected to cost $32.4 million. 

The option would have low potential impacts on cultural and biological resources.  There is a majority of ethnic minority and low 
income population near the station area.  However, it is surrounded by agricultural land that is not compatible with HST service and 
would potentially impact 12 ac (5 ha) more floodplains than the Downtown Merced option.  The alignment for this station option 
would potentially impact an additional 50–65 ac (20–26 ha) of farmlands but would have 127–135 ac (51–55 ha) of farmland with 
potential severance impacts.  The alignment would also potentially impact an additional 45 ac (18 ha) of floodplains, but would have 
fewer potential cultural impacts.  This option is estimated to reduce potential noise impacts through Merced by 12–16%. 
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Station Name 
(Alignment) Discussion 

Fresno 

Downtown Fresno 
(UPRR/BNSF) 

 The downtown Fresno station option would have high ridership potential and connectivity and accessibility, with good freeway access 
and good connections to bus transit.  Intercity ridership forecasts estimate between 2.5 and 3.2 million total boardings and alightings 
annually by 2020.  The downtown Fresno option would have high construction issues, and four tracks would be needed through 
downtown Fresno to accommodate express service.  The station is estimated to cost $32.5 million. 

The downtown Fresno station would have low potential impacts on biological resources and stream crossings but have high potential 
impacts on cultural resources.  This site would have high potential floodplains impacts (13 ac [5 ha]).  There is a majority of ethnic 
minority and low income population near the station area.  Although express trains would run through Fresno at speeds of about 220 
mph (354 kph), potential noise impacts through much of Fresno are expected to be moderate because of mostly commercial and 
industrial land uses adjacent to the freight railroad.  Where the alignment is at grade, some of the potential noise impacts could be 
offset by grade separating the adjacent freight services and eliminating horn noise and noise from warning gates.  The alignment is 
expected to have 6 mi (10 km) of aerial structure through Fresno and 8 mi (13 km) of potentially high noise impacts. 

 

Downtown Fresno 
(UPRR/BNSF with express 
loop) 

This option would have two tracks through Fresno (for HST service stopping in Fresno) and two tracks on a new alignment outside 
the Fresno urban area for express services that would bypass Fresno.  This option would have the same connectivity and ridership 
potential as the downtown Fresno option.  There is a majority of ethnic minority and low income population near the downtown 
station area. 

The downtown Fresno station for the two stopping tracks is expected to cost $10.0 million.68  The express loop would decrease 
construction issues and costs through downtown Fresno (since only two tracks would be required), but would increase overall capital 
costs by $707 million as a result of 22 mi (35 km) of additional alignment construction for the UPRR option, and $790 million as a 
result of 26 mi (42 km) of additional alignment construction for the BNSF option. 

With this option, only HST trains stopping in Fresno (and traveling at reduced speeds) would go through Fresno.  Noise would be 
reduced through Fresno since there would be fewer trains, traveling at slower speeds.  However, a focused study on the Fresno loop 
line suggests that there would be only an estimated 12–16% reduction in potential noise impacts by moving the high-speed mainline 
(express) tracks outside the urbanized areas.  The relatively modest decrease in potential noise impacts is attributed to three factors:  
1) there would be some potential residential impacts along the new express loop, 2) much of the surrounding land uses of the freight 
line through downtown Fresno are industrial, and 3) the express loop results in potential noise impacts on two corridors as opposed 
to one. 

The express loop would potentially impact an additional 224–293 ac (91–119 ha) of farmland, and this new alignment would have 
potential severance impacts on farmlands.  The express loop would potentially impact an additional 40 ac (16 ha) of wetlands, 5–7 
stream crossings, and 5–7 ac (2–3 ha) more floodplains.  This station option would potentially have impacts on minority population. 

                                                 
68 Local service station includes modification to existing platforms and passenger facilities only within existing right-of-way.  Does not include full express and stopping track 
configuration assumed for HST stations on dedicated high-speed lines. 
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Station Name 
(Alignment) Discussion 

Tulare and Kings Counties 

Hanford (BNSF) The Hanford site would connect to the Amtrak station in Hanford.  The BNSF serves Hanford and would result in faster travel times 
and lower access costs for Hanford residents and Kings County.  Intercity ridership forecasts estimate between 140,000 and 160,000 
total boardings and alightings annually by 2020 for a Tulare/Kings County station.  The station is estimated to cost $28.7 million. 

The Hanford station option would have low potential impacts on biological resources and hydrology, and medium/high potential 
cultural impacts.  There is a majority of ethnic minority and low income population near the station area. 

Visalia Airport (UPRR) The Visalia Airport station would best serve the more populated Tulare County cities of Visalia and Tulare.  The UPRR serves Visalia 
and would result in faster travel times and lower access costs for the Visalia population and Tulare County.  Intercity ridership 
forecasts estimate 140,000–160,000 total boardings and alightings annually by 2020 for a Tulare/Kings County station.  The station is 
estimated to cost $28.7 million. 

The Visalia Airport station option would have low potential impacts on cultural resources, biological resources, and hydrology. 

Bakersfield Area 

Truxton (UPRR) The Truxton station would have the highest connectivity of the three locations being evaluated to serve Bakersfield.  The Truxton 
station would connect to the new Bakersfield Amtrak Station and is in the city center of Bakersfield, within walking distance of the 
convention center and City Hall.  The Truxton station location also has good access to SR-99.  The Truxton station would have high 
ridership potential.  Intercity ridership forecasts estimate between 1.9 and 2.6 million total boardings and alightings annually by 2020.  
The Truxton station would have higher construction costs and construction issues than the other Bakersfield station options, and is 
estimated to cost $32.4 million for the Union Avenue station option, and $165 million for the Amtrak station option. 

 

The Truxton station option would have low potential impacts on biological resources, medium/high potential impacts on cultural 
resources, and a high percentage of residential land uses that would not be compatible with an HST station.  There is a majority of 
ethnic minority and low income population near the station area. 

Golden State (UPRR) The Golden State station site is less than 2 mi (3 km) northeast of the city center next to SR-204.  This station would have less 
accessibility and connectivity than the Truxton station option.  Intercity ridership forecasts suggest similar ridership potential as the 
Truxton station.  This station option is estimated to cost $32.2 million. 

 

The Golden State station site would have low potential impacts on biological resources, and medium potential impacts on cultural 
resources.  This option would potentially impact 12.4 ac (5.0 ha) of parkland and 26 ac (11 ha) of wildlife habitat. 
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Station Name 
(Alignment) Discussion 

Bakersfield Airport 
(UPRR) 

The Bakersfield Airport station would be located outside of Bakersfield, about 6 mi (10 km) northeast of the city center.  The airport 
station would provide a high level of connectivity to the airport and has good access to SR-99, but would have the least connectivity 
and accessibility of the three Bakersfield station options because of distance from downtown.  Intercity ridership forecasts suggest 
similar ridership potential as the Truxton station.  This station option is estimated to cost $32.4 million. 

 

The Bakersfield Airport station option would have low potential impacts on biological resources, medium/high potential impacts on 
cultural resources, and potential impacts on 25 ac (10 ha) of wildlife habitat. 
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6.4 BAKERSFIELD TO LOS ANGELES REGION 

This region of southern California encompasses the southern portion of the Central Valley south of Bakersfield, the mountainous areas between 
the Central Valley and the Los Angeles basin, and the northern portion of the Los Angeles basin from Sylmar to downtown Los Angeles. 

6.4.1 Bakersfield to Sylmar Alignment Options 

All information presented is for the area from Bakersfield to Sylmar.  This segment is shown in Figure 6.4-1. 

 I-5 

 Union Avenue Wheeler Ridge 
SR-58/Soledad Canyon Corridor 

(Antelope Valley) 

Physical/Operational Characteristics 

Alignment Description This alignment extends east along 
UPRR from a Bakersfield station, 
south along Union Avenue, and 
generally follows I-5 over the 
Tehachapi Mountains through 
Santa Clarita to Sylmar.  No 
station options considered in this 
segment. 

This alignment extends east along 
UPRR from a Bakersfield station, 
south along SR-184/Wheeler Ridge 
Road, and generally follows I-5 over 
the Tehachapi Mountains through 
Santa Clarita to Sylmar.  No station 
options considered in this segment. 

This alignment extends east from Bakersfield 
along SR-58, generally following SR-58 
through the Tehachapi Mountains to Mojave, 
along MTA/Metrolink through Antelope Valley 
and Soledad Canyon, and generally following 
SR-14 from Santa Clarita to Sylmar.  
Palmdale Transportation Center is the only 
station option considered in this segment. 

Length in miles (km) 84 mi (135 km) 87 mi (140 km) 120 mi (193 km) 

Cost69 (dollars) $6.48 billion $6.58 billion $6.46 billion 

Travel Time (min) 33 min 34 min 45 min 

 

For express trips passing through this 
segment as part of a longer trip (e.g., Los 
Angeles to San Francisco or Sacramento), this 
alignment option adds 10 min to long-
distance travel time). 

                                                 
69 Segment Cost Begins at a common point after Bakersfield Golden Station  at Roxford Street.  
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 I-5 

 Union Avenue Wheeler Ridge 
SR-58/Soledad Canyon Corridor 

(Antelope Valley) 

Ridership The I-5 alignment options have higher projected annual system-wide 
intercity ridership (1.7 million annual passengers, more by 2020 using the 
low-end forecast) than the Antelope Valley option (30.3 million) due to the 
shorter travel times between major northern California markets (San 
Francisco Bay Area and Sacramento) and southern California markets (Los 
Angeles and San Diego).  However, the I-5 options do not directly serve 
the Antelope Valley. 

Provides direct service to Palmdale/Lancaster 
area.  Lower intercity ridership than I-5 
options because of longer travel times 
between major northern California markets 
(San Francisco Bay Area and Sacramento) 
and southern California markets (Los Angeles 
and San Diego).  There is a high potential for 
commute ridership between Palmdale and 
Los Angeles on this alignment.  The commute 
ridership is estimated to be 1.7 million more 
annually than the I-5 options by 2020. 

Constructability This section of the alignment crosses five or six major seismic faults 
through the Tehachapi Mountains and has 23 mi (37 km) of tunnels with 
long sections (more than 5 mi [8 km]) at Tejon Ranch and through the 
Angeles National Forest.  It would be one of the most challenging sections 
of the HST system to construct.  This option, which follows the  San 
Gabriel fault for over 20 miles, would have considerably higher seismic and 
constructibility issues than the Antelope Valley alignment option. 

This section of the alignment crosses three 
major seismic faults through the Tehachapi 
Mountains and has 13 mi (21 km) of tunnels.  
This option provides less abrupt terrain than 
the I-5 options, which would result in 
considerably less tunneling overall, shorter 
tunnels  (maximum tunnel length of 3.4 mi 
[5.5 km]) and fewer constructability issues 
through the mountains.  This option would 
have considerable sections of construction 
adjacent to existing rail and highway 
corridors through the urban areas of 
Palmdale and Lancaster.  Services would 
need to be maintained on these adjacent 
facilities during construction.  It would be one 
of the most challenging sections of the HST 
system to construct. 

Operational Issues Average speed:  153 mph (246 kph) 

Maximum speed:  186–217 mph (299–349 kph) 

 

The I-5 alignment options have more than 20 mi (33 km) of sustained 
grades above 3.0%.  These sustained grades reduce train speed and 
increase power consumption. 

Average speed:  161 mph (259 kph) 

Maximum speed:  186–217 mph (299–349 
kph) 

 

The Antelope Valley alignment option has a 
more gradual profile than the I-5 options with 
only 14 mi (22.5 km) of sustained grades 
over 3.0%. 

Potential Environmental Impacts 
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 I-5 

 Union Avenue Wheeler Ridge 
SR-58/Soledad Canyon Corridor 

(Antelope Valley) 

Travel Conditions The I-5 alignment options would have the fastest express times between 
northern and southern California.  Express times would be about 10 min 
less than the SR-58/Soledad Canyon alignment, and local times would be 
about 12 min less.  For example, the San Francisco to Los Angeles express 
travel time would be approximately 2 hr 25 min for the I-5 alignment 
options, and just over 2 hr 35 min for the SR-58/Soledad Canyon 
alignment.  The I-5 alignment options would not directly serve the 
Antelope Valley. 

The travel times between San Francisco and 
Los Angeles on the SR-58/Soledad Canyon 
option would be 2 hr 35 min, or about 10 min 
longer than the I-5 alignment.  The SR-
58/Soledad Canyon option includes a 
potential station at Palmdale, whereas the I-5 
options do not have any stations between 
Bakersfield and Sylmar.  The potential 
Palmdale station would have a positive effect 
on connectivity since it would serve the 
growing communities of the Antelope Valley.  
Trip time between Palmdale and Los Angeles 
would be about 26 min.  The SR-58/Soledad 
Canyon alignment would also improve travel 
times, and reduce access costs to/from the 
Antelope Valley population. 

Noise and Vibration:70  High, 
medium, and low potential impacts 

Low potential impacts. 

 

The HST Alternative has low potential noise impact ratings along both the 
I-5 and Antelope Valley alignment options because of the sparseness of 
residential land use and open space along most of these two routes.  The 
I-5 alignment options would require more tunneling through the open 
space and natural areas, which would result in fewer potential operational 
noise impacts on wildlife and hiking trails. 

Low potential impacts on overall segment. 

Medium potential impacts in the Palmdale 
area. 

 

The HST Alternative has low potential noise 
impact ratings along both the I-5 and 
Antelope Valley options because of the 
sparseness of residential land use and open 
space along most of these two routes.  There 
would be medium potential impacts in the 
more urban areas of Palmdale and Lancaster.  
More of the Antelope Valley option passes 
through populated areas than the I-5 options. 

                                                 
70 Generally, vibration is not a significant impact. However, sensitive and specific areas, such as historical structures and special habitats, could be affected. 
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 I-5 

 Union Avenue Wheeler Ridge 
SR-58/Soledad Canyon Corridor 

(Antelope Valley) 

Land Use and Planning, 
Communities and 
Neighborhoods, Property, and 
Environmental Justice 

Compatible, although most of the 
alignment would be in new right-
of-way because it is adjacent to 
the existing road (I-5).  Alignment 
would be constructed primarily in 
tunnels is considered compatible. 

Environmental Justice:  Minority 
populations exist and would not 
be affected. 

Community:  High potential 
impacts; the alignment divides an 
established residential community. 

Property:  Low potential impacts. 

Compatible, although most of the 
alignment would be in new right-of-
way because it is adjacent to the 
existing road (I-5).  Alignment would 
be constructed primarily in tunnels 
and is considered compatible. 

Environmental Justice:  Minority 
populations exist at points along the 
alignment option 

Community:  Low potential impacts. 

Property:  Low potential impacts. 

Not compatible in Palmdale because of 
additional right-of-way necessary for 
alignment. 

Environmental Justice:  Minority populations 
exist at points along the alignment option 

Community:  Low potential impacts. 

Property:  High potential impacts due to the 
alignment passing through Palmdale and 
Lancaster. 

Farmlands:71  Ac (ha) of 
farmlands 

Farmlands:  20 ac (8 ha) Farmlands:  63 ac (25 ha) Farmlands:  0 ac (0 ha) 

                                                 
71 The farmland resources study area is defined as 50 ft (15 m) on each side of alignment centerline (100 ft [30 m] total) when the alignment is separate from an existing rail corridor.  
When the alignment is adjacent to an existing rail corridor, the study area would extend 100 ft (30 m) from the rail right-of-way on the side the alignment would run. 
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 I-5 

 Union Avenue Wheeler Ridge 
SR-58/Soledad Canyon Corridor 

(Antelope Valley) 

Aesthetics and Visual 
Resources:  Number of viewing 
points and high potential 
contrast/impact areas 

2 viewing points:  Pyramid Lake scenic viewing point and Castaic Lake 
scenic viewing point, 0.4 mi (0.64 km) and 0.7 mi (1.13 km)  

 

High potential contrast impacts from elevated structure and catenary at 
edge of Pyramid Lake adjacent to I-5, and cut and fill and tunnel portals in 
hillside of Santa Clarita Woodlands Park. 

1 viewing point:  Tehachapi Loop Marker, 0.7 
mi. (1.13 km) of alignment. 

 

Contrast with historic Tehachapi Pass Rail, 
and high contrast from cut and fill in hillside 
for about 12 mi (19 km). 

 

The elevated guideway and catenary across 
the scenic Sierra Highway and adjacent to 
Santa Clara River SEA (Significant Ecological 
Area) would contrast with the existing 
landscape features.  Cut and fill and tunnel 
portals would be visible against natural open 
space hillsides and ridges in Angeles National 
Forest.  Would affect 1.1 mi (1.8 km) of 
scenic highway (Sierra Highway in City of 
Palmdale).  The elevated guideway 
potentially has shadow impacts. 

Cultural Resources and 
Paleontological Resources:72  
Potential presence of historical 
resources in area of potential effect 

0.18 known archeological sites per 
mi 

 

Based on records searches, the 
I-5 options have lower potential 
to encounter cultural resources 
than the Antelope Valley option.  
Long tunnels further reduce the 
potential for cultural resources 
impacts. 

0.20 known archeological sites per mi 

 

Based on records searches, the I-5 
options have lower potential to 
encounter cultural resources than the 
Antelope Valley option.  Long tunnels 
further reduce the potential for 
cultural resources impacts. 

0.31–1.30 known archeological sites per mi 

 

The Antelope Valley option would be more 
sensitive for cultural resources than the I-5 
alignment options. 

                                                 
72 The archaeological area of potential effect is defined as 500 ft (152 m) on each side of the alignment centerline for new routes requiring additional right-of-way, and 100 ft (30 m) 
on each side of the centerline for routes along existing highways and railroads, where very little additional right-of-way would be required.  The study area for paleontological 
resources is defined as 100 ft (30 m) on each side of alignment centerline. 
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 I-5 

 Union Avenue Wheeler Ridge 
SR-58/Soledad Canyon Corridor 

(Antelope Valley) 

Hydrology and Water 
Resources:  Potential impacts and 
associated ac (ha) of floodplains, 
linear ft (m) of streams, and ac 
(ha) of lakes within potential 
impact study areas, ac (ha) 
lakes/other water bodies within 
study areas. 

Floodplains:  NA 

Streams:  NA 

Lakes:  NA 

 

Lower potential for affecting 
floodplains than Antelope Valley 
or the Wheeler ridge option.  
Similar potential for impacts to 
streams and lakes as the Wheeler 
Ridge alignment option. 

Floodplains:73  408 ac (165 ha) 

Streams:74  3,050 linear ft (930 linear 
m) 

Lakes:   4.6 ac (1.9 ha) 

 

Higher potential for affecting 
floodplains than Antelope Valley 
option, primarily due to large areas of 
floodplain between Bakersfield and 
the base of the Tehachapi Mountains 
at Grapevine. 

Floodplains:   317 ac (128 ha) 

Streams:  4,700-5,000 linear ft (1,433-1,524 
linear m) 

Lakes:   0.3-1.4 ac (0.1-0.6 ha) 

 

Lower overall potential for water-related 
impacts because the potential impacts are 
due to the relatively small seasonal streams 
in Soledad Canyon between Palmdale and 
Sylmar, and the alignment would not 
encroach on any lakes.  Range represents 
inclusion of SR-14 alignment option. 

Biological Resources, Including 
Wetlands:  Ac (ha) of wetland 
and ac (ha) of special-status 
species habitat within potential 
impact study areas), and linear ft 
(m) of non-wetland waters 
(waters) 

Wetlands:   NA75

Habitat:  NA 

Species:  NA 

 

The I-5 options would potentially 
impact slightly more sensitive 
plant communities and wetlands 
than the Antelope Valley 
alignment.  However more of the 
route would be in tunnel, limiting 
the exposure of the HST to 
biological resources. 

Wetlands:   NA 

Habitat:   204 ac (333 ha) 

Species:   8 species 

 

The I-5 options would potentially 
impact slightly more sensitive plant 
communities and wetlands than the 
Antelope Valley alignment.  However 
more of the route would be in tunnel, 
limiting the exposure of the HST to 
biological resources. 

Wetlands:   NA 

Habitat:   120-132 ac (49-53 ha) 

Species:   10 species 

 

 

The Antelope Valley alignment option would 
potentially impact more sensitive plant and 
wildlife species and more wildlife movement/ 
migration corridors than the I-5 options.  
Overall, the Antelope Valley option would 
have slightly more potential impacts on 
biological resources than the I-5 options. 

                                                 
73 The  study area is defined as 100 ft (30 m) on each side of the alignment centerline. 
74 The study area is defined as a total of 50 feet (25 feet on each side of alignment centerline), per representative impact analysis. 
75 The comparison of potential impacts to wetland resources is not relevant due to limited wetlands data in this region, particularly in the Soledad Canyon area.  Hydrologic information 
regarding potential impacts to streams and lakes is used as a indication of the potential for impacts to wetland resources for this area. 
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 I-5 

 Union Avenue Wheeler Ridge 
SR-58/Soledad Canyon Corridor 

(Antelope Valley) 

Section 4(f) and 6(f) 
Resources:76  Number of 
resources rated high (potential 
direct effects) 

Resources rated high:  5 

 

Alignment option would 
potentially impact Fort Tejon 
Historical Park, Angeles and Los 
Padres National Forests, Hungry 
Valley State Vehicular Recreation 
Area, and Pyramid Lake. 

Resources rated high:  8 

 

Alignment option would potentially 
impact Fort Tejon Historical Park, 
Angeles and Los Padres National 
Forests, Hungry Valley State 
Vehicular Recreation Area, Pyramid 
Lake, and other local parks along 
Wheeler Ridge. 

Resources rated high:  0 

 

The alignment would not go through major 
parks such as Angeles National Forest.  There 
are only medium potential impacts on 
historical resources in Palmdale and 
Lancaster. 

Growth Induced Impacts:  Ac 
(ha) of urbanized area required in 
addition to baseline forecast 

Low potential impact. 

 

Because these alignment options would have no stations between 
Bakersfield and Los Angeles, urban development is forecasted to be more 
concentrated in the Central Valley, and consequently slightly more land 
would be urbanized surrounding the Central Valley stations to 
accommodate the growth, as compared to the Antelope Valley option. 

Low potential impact. 

 

This option includes a station at Palmdale in 
the Antelope Valley of Los Angeles County.  
The station at Palmdale is forecasted to 
increase projected urbanized land in Los 
Angeles County by more than 2,250 ac (911 
ha).  Due to increased travel times associated 
with this alignment, the Palmdale option 
would also slightly reduce requirements for 
urbanized land in nearly every study area 
county because of reduced population and 
employment growth.  In total, the reductions 
in other counties would outweigh the 
increase in Los Angeles County, resulting in a 
net decrease in statewide urbanized area of 
approximately 2,100 ac (850 ha) in 2035.  
This option is forecasted to result in less 
farmland conversion (about 2,800 ac [1,133 
ha] less) than the I-5 option in 2035. 

 

                                                 
76 The 4(f) and 6(f) resources study area is defined as 900 ft (274m) on each side of the alignment centerline. 
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6.4.2 Sylmar to Los Angeles Alignment Options 

All information presented is for the area from Sylmar to Los Angeles.  This segment is shown in Figure 6.4-2. 

 MTA/Metrolink Combined I-5/Metrolink 

Physical/Operational Characteristics 

Alignment Description This alignment extends southeast generally following the 
MTA/Metrolink between Sylmar and Los Angeles Union 
Station (LAUS) area.  It is assumed that the alignment 
would be generally at grade between Burbank and 
downtown Los Angeles.  There is an aerial option over I-
5 and I-10 between Burbank and LAUS.  Station options 
considered in this segment include Sylmar, Burbank, and 
the LAUS area. 

This alignment extends southeast following MTA/Metrolink from Sylmar 
to Burbank Metrolink station, and then generally follows I-5 to a tunnel 
under Elysian Park to the LAUS area.  The assumed configuration for 
the I-5 option is aerial from south of Burbank station to south of 
Glendale Boulevard, then cut and cover to south of Stadium Way.  
Additionally, there is an aerial option from south of Burbank station to 
south of Stadium Way.  Station options considered in this segment 
include Sylmar, Burbank, and the LAUS area. 

Length in miles (km) 23–25 mi (37–40 km) 24–25 mi (39–40 km) 

Cost77 (dollars) $2.11 billion $2.09 billion 

Travel Time (min) Roxford to 
Los Angeles Union Station 

11-12 min (depending on LAUS option) 11 min 

Ridership Ridership for these two alignment options would be about the same. 

Constructability This alignment is a combination of at-grade, trench, and 
aerial construction. 

This alignment is also a combination of at-grade, trench, and aerial 
construction, but could also require approximately 2 miles (3.2 km) of 
tunneling at Silver Lake.  The aerial and tunneling sections are due to 
right-of-way constraints. 

Operational Issues 

Roxford to Los Angeles Union 
Station 

Average speed:  131 mph (211 kph) 

Maximum speed:  155–186 mph (249–299 kph) 

Average speed:  131 mph (211 kph) 

Maximum speed:  155–186 mph (249–299 kph) 

                                                 
77 Segment cost begins at Roxford Street. 
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 MTA/Metrolink Combined I-5/Metrolink 

Potential Environmental Impacts 

Noise and Vibration:78  High, 
medium, and low potential impacts 

Medium potential impacts.   

There would be an increase in noise levels due to 
increased frequency of trains.  There would be a 
reduction in noise levels due to the elimination of horn 
noise and gate noise from existing services as a result of 
the grade separations at some existing grade crossings.  
Potential noise impacts would be medium where the 
alignment is at grade between Burbank and Los Angeles.  
If the alignment were aerial where it crosses the I-5 and 
I-10, the potential noise impacts would be higher. 

Medium potential impacts.   

Where the alignment would be aerial between Burbank and to just 
south of Glendale Boulevard, the potential noise impacts would be 
medium.  However, between Glendale Boulevard and south of Stadium 
Way, where the alignment would be in tunnel, the potential noise 
impacts would be low.  If the alignment were aerial between Burbank 
and Stadium Way, the potential noise impacts would be considerably 
higher. 

Land Use and Planning, 
Communities and 
Neighborhoods, Property, and 
Environmental Justice 

Not compatible because of need for new right-of-way. 

 

Environmental Justice:  Minority populations are present 
at points along the alignment option 

Community:  Low potential impacts. 

Property:  Low potential impacts. 

Not compatible because the alignment cuts through low-density 
residential areas.  If cut and cover were used at Silver Lake, the 
alignment would be compatible because it would not divide the 
community. 

 

Environmental Justice:  Minority populations are present at points along 
the alignment option 

Community:  Low potential impacts. 

Property:  Low–medium potential impacts. 

Aesthetics and Visual 
Resources:  Number of viewing 
points and high potential 
contrast/impact areas 

It is assumed that this alignment would be at grade 
between Burbank and Glendale Avenue and would 
consequently have low to medium potential impacts.  
Between Glendale Avenue and Los Angeles, the 
alignment would be at grade and consequently would 
have medium potential impacts.  If the aerial option 
were used between Glendale Boulevard and Los Angeles, 
there could be higher potential impacts due to higher 
contrast areas and shadows. 

It is assumed that this alignment between Burbank and Glendale 
Avenue would be at grade and aerial, and would consequently have 
medium potential impacts due to high contrast and potential shadow 
impacts.  From south of Glendale Boulevard to south of Stadium Way, 
it would be in tunnel, having few potential visual impacts.  However, if 
the tunnel section between Glendale Boulevard and south of Stadium 
Way were aerial, there could be higher potential impacts due to higher 
contrast areas and shadows. 

                                                 
78 Generally, vibration is not a significant impact. However, sensitive and specific areas, such as historical structures and special habitats, could be affected. 
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 MTA/Metrolink Combined I-5/Metrolink 

Hydrology and Water 
Resources:  Potential impacts and 
associated ac (ha) of floodplains, 
linear ft (m) of streams, and ac 
(ha) of lakes within potential 
impact study areas, ac (ha) 
lakes/other water bodies within 
study areas. 

Floodplains:79  0 ac (0 ha) 

Streams:80  350 linear ft (107 linear m)  

Lakes:   0 ac (0 ha) 

(Assumes existing LAUS option) 

This is a predominantly urban environment. 

Floodplains:   10 ac (4 ha) 

Streams:  350 linear ft (107 linear m)  

Lakes:   0 ac (0 ha) 

(Assumes existing LAUS option) 

This is a predominantly urban environment. 

Biological Resources Including 
Wetlands:  Ac (ha) of wetlands, 
ac (ha) of sensitive habitat 
(habitat), ac (ha) of special-status 
species habitat within potential 
impact study areas, and linear ft of 
non-wetland waters (waters) 

Wetlands:   1.5 ac (0.6 ha)  

Habitat:   34 ac (14 ha) 

Species:   4 

 

This is a predominantly urban environment. 

Wetlands:   10.5 ac (4.3 ha) 

Habitat:   34 ac (14 ha) 

Species:   4 

 

The I-5 route would potentially impact slightly more biological 
resources than the MTA/Metrolink route.  The I-5 route could 
potentially impact one sensitive plant community, whereas the 
MTA/Metrolink route potentially would not impact any.  The I-5 route 
would also encounter more non-wetland waters than the 
MTA/Metrolink route.  This is a predominantly urban environment. 

Section 4(f) and 6(f) 
Resources:81  Number of 
resources rated high (potential 
direct effects) 

Resources rated high:  0–3 depending on LAUS option 

 

From Sylmar to downtown Los Angeles, generally the 
MTA/Metrolink alignment option has fewer potential 
impacts than the I-5 option because there are fewer 
local and regional parks. 

 

Both the Metrolink and I-5 alignments are rated high for 
potential presence of historical resources. 

Resources rated high:  4–5 depending on LAUS option  

 

From Sylmar to downtown Los Angeles, generally the MTA/Metrolink 
alignment option has fewer potential impacts than the I-5 option 
because there are fewer local and regional parks.  The I-5 option has 
potential impacts on Griffith Park and Elysian Park. 

 

Both the Metrolink and I-5 alignments are rated high for potential 
presence of historical resources. 

 

                                                 
79 The  study area is defined as 100 ft (30 m) on each side of the alignment centerline. 
80 The study area is defined as a total of 50 feet (25 feet on each side of alignment centerline), per representative impact analysis. 
81 The 4(f) and 6(f) resources study area is defined as 900 ft (274m) on each side of the alignment centerline. 
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6.4.3 Bakersfield to Los Angeles Station Options 

Station Name (Alignment) Discussion 

Palmdale/Antelope Valley 

Palmdale Transportation 
Center (SR-58/Soledad 
Canyon) 

The Palmdale Transportation Center would potentially serve the Antelope Valley population.  This station option maximizes 
opportunities for intermodal connectivity.  It is close to Palmdale Airport, with the opportunity for convenient shuttle or 
people-mover service, and it is the Metrolink station for Palmdale and a hub for local bus services.  The Palmdale 
Transportation Center would reduce travel times and access costs for the Antelope Valley population.  More than 1.3 million 
total intercity boardings and alightings are expected at this station annually by 2020 (low end forecast). 

The Palmdale Transportation Center is estimated to cost $32.4 million.  The station would be at grade. 

Minority populations are present in the vicinity of this station option.  It would have a potentially high impact on streams 
(6,586 linear ft [2,007 m]).  There are four special-status species in the vicinity of the station.  One Section 4(f) and 6(f) 
resource, the Sierra Highway Greenbelt, could be affected by the station. 

Sylmar 

Sylmar Metrolink 
(MTA/Metrolink and combined I-
5/Metrolink) 

The Sylmar Metrolink station would provide a direct connection to the Metrolink regional commuter rail service.  This potential 
station location would have convenient access to the freeway network.  Between approximately 2.5 and 3.5 million total 
intercity boardings and alightings are expected at this station annually by 2020. 

The Sylmar Metrolink station is estimated to cost $172 million.  The station would be an aerial structure. 

Although there are no recorded archeological sites in this station area, there is a large potential for buried prehistoric sites.  
This station would potentially affect 2,640 linear ft (805 m) of non-wetland waters, and one plant and one wildlife species.  
Two Section 4(f) and 6(f) resources could be affected by this station, Recreation Park and Layne Park in San Fernando. 

Burbank 

Burbank Metrolink Media 
City (MTA/Metrolink and 
combined I-5/Metrolink) 

The Burbank Metrolink station would provide the highest connectivity to the Burbank area.  This station site is in downtown 
Burbank, has a direct connection to the Metrolink regional commuter rail service, is a hub for bus transit in the Burbank area, 
has adjacent access to I-5, and is only 2.4 mi (3.9 km) from Burbank Airport.  Between about 2.9 and 5.4 million total 
intercity boardings and alightings are expected annually at this station by 2020. 

The Burbank Metrolink station is estimated to cost $ 172 million and would be aerial. 

There would be a potentially high impact on historical structures because of the historical structures surrounding the station.  
This station would potentially affect 3,168 linear ft (966 m) of non-wetland waters, 11 ac (4 ha) of perennial wetlands, and 
one plant species.  Additionally, 1,384 linear ft (422 m) of streams could be affected.  Griffith Manor Park, a potential Section 
4(f) and 6(f) resource in Glendale, could be affected by the station. 
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Station Name (Alignment) Discussion 

Burbank Airport 
(MTA/Metrolink and combined I-
5/Metrolink) 

The Burbank Airport station would be nearer to Burbank Airport (1.6 mi [2.6 km]), but would be outside the city center and 
would not connect with a Metrolink station or regional transit.  The intercity ridership potential is expected to be about the 
same as the Burbank Metrolink station option. 

The Burbank Airport station is estimated to cost $366 million.  The station would be in a trench, making it considerably more 
difficult and expensive to build than the downtown station. 

There would be a high potential impact on historical structures because of the historical structures surrounding the station.  
This station would potentially affect 6 ac (2 ha) of wetlands. 

Los Angeles 

Los Angeles Union Station 
(MTA/Metrolink) 

The existing LAUS station has the best connectivity and therefore would also provide the fastest overall travel times.  LAUS is 
the transit/rail transportation hub of southern California.  LAUS is the primary destination for the Metrolink Commuter rail 
services, the Los Angeles Metro Red Line, the Pasadena Gold Line, the Amtrak Surfliner service, and the regional bus transit 
services.  HST would serve LAUS on an elevated structure, and transfers to other modes would be made directly under HST 
platforms.  LAUS would have between 9 and 15.3 million annual intercity boardings and alightings by 2020, which is the 
highest ridership of all stations in the entire system. 

LAUS is estimated to cost $96.3 million.82  It would be an elevated structure constructed over the current Metrolink and 
Amtrak tracks.  For service to Inland Empire/San Diego via the UPRR Riverside/UPRR Colton alignment option, and for service 
to Orange County and LAX, the HST alignment at LAUS would continue south (over US-101).  The UPRR Colton alignment 
option to Inland Empire/San Diego would require the LAUS station site to remain a stub-end station, requiring trains traveling 
from northern California to Inland Empire and San Diego that stop at LAUS to reverse directions (increasing travel times 
between these markets by at least 10 min). 

The existing LAUS site would have limited potential impacts on the environment.  Minority populations are present in the 
vicinity of this station.  The El Pueblo de Los Angeles State Historic Park could be affected, particularly during construction, by 
the addition of the HST system.  Also given the proximity of the station to the historic district, this area is considered to have 
high potential for impacts on cultural resources. 

                                                 
82 Costs would be reduced for this station because of lower design speed for station stopping tracks, which requires less infrastructure and right-of-way. 
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Station Name (Alignment) Discussion 

Los Angeles Union Station 
South (MTA/Metrolink) 

The LAUS south site would require the construction of a pedestrian bridge/plaza across US-101 to connect with LAUS.  The 
LAUS south station would have similar intercity ridership potential as the LAUS option.  For service to Inland Empire/San 
Diego via the UPRR Riverside/UPRR Colton alignment option, and for service to Orange County and LAX, the HST alignment 
at LAUS would continue south (over US-101).  The UPRR Colton alignment option to Inland Empire/San Diego would require 
the LAUS station site to remain a stub-end station for trains traveling from northern California to Inland Empire and San 
Diego (increasing travel times between their markets by at least 10 min). 

The station would be constructed across the US-101 corridor, creating a new aerial terminal that would have to connect via 
bridge to the existing LAUS.  The LAUS south station would cost $96.383 million to build. 

There would be a high potential impact on historical structures because of the historical structures surrounding LAUS, which 
is itself a historical structure.  The station would affect 2,112 linear ft (644 m) of non-wetland waters.  No Section 4(f) or 6(f) 
resources would be directly affected by this station. 

Los Angeles River East 
(MTA/Metrolink) 

The Los Angeles River east station site would require the construction of a pedestrian bridge/plaza across US-101 to connect 
with LAUS.  The Los Angeles River east station would have intercity ridership potential similar to the LAUS option.  For service 
to Inland Empire/San Diego via the UPRR Colton alignment option, the HST alignment at the Los Angeles River east station 
would continue east on an aerial structure.  This station site would not serve the UPRR Riverside/UPRR Colton alignment 
option to Inland Empire/San Diego or the links to Orange County or LAX. 

The aerial station would be constructed across the East River from the existing LAUS and would constitute a new station and 
structure.  The station is estimated to cost $96.3 million.* 

There would be a high potential impact on historical structures because of the historical structures surrounding the rail yards 
and LAUS, which is itself a historical structure.  The station would affect 3,696 linear ft (1,127 m) of non-wetland waters.  No 
Section 4(f) or 6(f) resources would be directly affected by this station.  There would be low potential impacts on biological 
resources in this station area. 

 

                                                 
83 Costs would be reduced for this station because of lower design speed for station stopping tracks, which requires less infrastructure and right-of-way. 
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6.5 LOS ANGELES TO SAN DIEGO VIA INLAND EMPIRE 

This region of southern California includes the eastern portion of the Los Angeles Basin from downtown Los Angeles east to the Riverside and San 
Bernardino areas and south to San Diego generally along the I-215 and I-15 corridors.  

6.5.1 Los Angeles to March Air Reserve Base Alignment Options 

All information presented is for the area from Los Angeles to March Air Reserve Base (ARB).  This segment is shown in Figure 6.5-1. 

 Union Pacific Railroad (UPRR) 

 Colton Line Riverside/Colton Line 
Colton Line to San 

Bernardino 
Riverside/Colton/San 

Bernardino 

Physical/Operational Characteristics 

Alignment Description The Colton alignment would 
potentially begin at LAUS 
and follow the UPRR Colton 
Line to March ARB.  Station 
options considered in this 
segment include El Monte, 
Pomona, Ontario, Colton, 
and UC Riverside. 

The Riverside/Colton 
alignment would potentially 
begin at LAUS and would 
follow the UPRR Riverside 
Line to Pomona.  From 
Pomona to March ARB, the 
alignment would follow the 
UPRR Colton Line.  Station 
options considered in this 
segment include South El 
Monte, City of Industry, 
Ontario, and UC Riverside. 

The Colton/San Bernardino 
alignment would potentially 
begin at LAUS and would 
follow the UPRR Colton Line to 
Ontario Airport.  From Ontario 
Airport, the alignment would 
move north into San 
Bernardino, continue to Santa 
Fe station primarily along the 
existing BNSF/SCRRA 
alignment, turn south on the 
BNSF San Jacinto Line, and 
continue south on I-215 to 
March ARB.  Station options 
considered in this segment 
include El Monte, Pomona, 
Ontario, San Bernardino, and 
UC Riverside. 

The Riverside/Colton/San 
Bernardino alignment would 
potentially begin at LAUS 
and would follow the UPRR 
Riverside Line to Pomona.  
From Pomona to Ontario 
Airport, the alignment would 
follow the UPRR Colton Line, 
move north into San 
Bernardino, primarily along 
the BNSF San Bernardino 
line, continue to Santa Fe 
station, turn south on the 
BNSF San Jacinto Line, and 
continue south on I-215 to 
March ARB.  Station options 
considered in this segment 
include South El Monte, City 
of Industry, Ontario, San 
Bernardino, and UC 
Riverside. 

Length in miles (km) 68 mi (109 km) 68 mi (109 km) 75 mi (121 km) 74 mi (119 km) 

Cost (dollars) $4.10 billion $2.91 billion $4.82 billion $3.62billion 

Travel Time (min) 33 min 35 min 39 min 41 min 
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 Union Pacific Railroad (UPRR) 

 Colton Line Riverside/Colton Line 
Colton Line to San 

Bernardino 
Riverside/Colton/San 

Bernardino 
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Ridership Would provide the shortest 
and fastest route between 
Los Angeles and March 
ARB.  The UPRR Colton 
alignment option to Inland 
Empire/San Diego enters 
LAUS and Union Station 
South from the north, 
requiring a direction 
reversal using LAUS as a 
stub-end station for trains 
traveling from Inland 
Empire to northern 
California (e.g., San 
Francisco and Sacramento), 
increasing travel times 
between these markets by 
at least 10 min.  LA River 
Station East could provide 
through service for trains 
between these markets. 

Would provide the second 
shortest and fastest route.  
The Riverside/Colton 
alignment option to Inland 
Empire/San Diego would 
allow through tracks at 
LAUS and Union Station 
South.  This alignment 
would not provide service to 
the LA River Station East. 

Would provide service to 
downtown San Bernardino.  
The UPRR Colton alignment 
option to Inland Empire/San 
Diego enters LAUS and Union 
Station South from the north, 
requiring a direction reversal 
using LAUS as a stub-end 
station for trains traveling 
from Inland Empire to 
northern California (e.g., San 
Francisco and Sacramento) 
increasing travel times 
between these markets by at 
least 10 min.  LA River Station 
East could provide through 
service for trains between 
these markets. 

Would provide service to 
downtown San Bernardino.  
The Riverside/Colton 
alignment option to the 
Inland Empire/San Diego 
would allow through tracks 
at LAUS Station and Union 
Station south.  This 
alignment would not provide 
service to the LA River East 
Station. 

Constructability All alignment options would require construction in an urban environment, while maintaining rail service within the adjacent 
existing corridor. 

Operational Issues Average speed:  110 mph 
(177 kph) 

Maximum speed:  186–215 
mph (299–346 kph) 

 

Requires trains bound to 
points north of Los Angeles 
to change direction at LAUS 
and Union Station South.  
LA River Station East could 
provide through service to 
points north of Los Angeles. 

Average speed:  117 mph 
(188 kph) 

Maximum speed:  186–215 
mph (299–346 kph) 

 

This alignment would not 
serve LA River Station East. 

Average speed:  115 mph 
(185) 

Maximum speed:  186–215 
mph (299–346 kph) 

 

Requires trains bound to 
points north of Los Angeles to 
change direction at LAUS and 
Union Station South.  LA River 
Station East could provide 
through service to points north 
of Los Angeles. 

Average speed:  110 mph 
(177 kph) 

Maximum speed:  186–215 
mph (299–346 kph) 

 

This alignment would not 
serve LA River Station East. 

Potential Environmental Impacts 
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 Union Pacific Railroad (UPRR) 

 Colton Line Riverside/Colton Line 
Colton Line to San 

Bernardino 
Riverside/Colton/San 

Bernardino 

Travel Conditions For the alignment segment between Los Angeles and 
Riverside, the UPRR Colton and UPRR Riverside would 
serve the same basic populations and the same number of 
potential stations in about the same travel time.  

These alignment options would provide service to San 
Bernardino, one of the largest Inland Empire cities, via a 
station in Colton.  Because these alignment options are not as 
direct as the UPRR Colton or UPRR Riverside/Colton options, 
the alignment distance would be approximately 6 mi [9.7 km] 
longer, and the travel time would be approximately 6 min 
longer than the Colton or Riverside/Colton alignment. 

Noise and Vibration:84  High, 
medium, and low potential 
impacts  

High potential impacts.   

 

High potential impacts due 
to proximity of residential 
land use along the Los 
Angeles to East San Gabriel 
Valley segment.  There 
would be an increase in 
noise levels due to 
increased frequency of 
trains.  There would be a 
reduction in noise levels 
due to the elimination of 
horn noise and gate noise 
from existing services as a 
result of the grade 
separations at some 
existing grade crossings. 

Medium potential impacts.   

 

Medium potential impacts 
due to proximity of 
alignment to 
industrial/commercial land 
uses.  There would be an 
increase in noise levels due 
to increased frequency of 
trains.  There would be a 
reduction in noise levels due 
to the elimination of horn 
noise and gate noise from 
existing services as a result 
of the grade separations at 
some existing grade 
crossings. 

High potential impacts.   

 

High potential impacts due to 
proximity of residential land 
use along the Los Angeles to 
East San Gabriel Valley and 
the San Bernardino segments.  
There would be an increase in 
noise levels due to increased 
frequency of trains.  There 
would be a reduction in noise 
levels due to the elimination of 
horn noise and gate noise 
from existing services as a 
result of the grade separations 
at some existing grade 
crossings. 

High potential impacts.   

 

High potential impacts due 
to proximity of residential 
land use along the San 
Bernardino segment.  There 
would be an increase in 
noise levels due to increased 
frequency of trains.  There 
would be a reduction in 
noise levels due to the 
elimination of horn noise 
and gate noise from existing 
services as a result of the 
grade separations at some 
existing grade crossings. 

                                                 
84 Generally, vibration is not a significant impact. However, sensitive and specific areas, such as historical structures and special habitats, could be affected. 
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 Union Pacific Railroad (UPRR) 

 Colton Line Riverside/Colton Line 
Colton Line to San 

Bernardino 
Riverside/Colton/San 

Bernardino 

Land Use and Planning, 
Communities and 
Neighborhoods, Property, 
and Environmental Justice 

Compatible. 

Environmental Justice:  Low 
potential minority 
population impacts. 

Community:  Low potential 
impacts. 

Property:  Medium potential 
impacts. 

 

Traverses mostly developed 
urban areas adjacent to an 
existing rail corridor with 
industrial, commercial, and 
residential uses.  The 
residential uses are 
concentrated in the San 
Gabriel area.  About 26% 
of the length would have 
high potential impacts on 
property. 

Compatible. 

Environmental Justice:  Low 
potential minority population 
impacts. 

Community:  Low potential 
impacts. 

Property:  Medium potential 
impacts.   

 

Traverses mostly developed 
urban areas adjacent to an 
existing rail corridor with 
industrial, commercial, and 
some residential uses.  
About 30% of length would 
have high potential impacts 
on property. 

Not compatible with existing land use because of loop through 
low-density areas in San Bernardino.  However, the potential 
San Bernardino station site is within a redevelopment area, 
which would support an HST station in the future. 

Environmental Justice:  Low potential minority population 
impacts. 

Community:  Low potential impacts. 

Property:  Medium potential impacts.  

 

Traverses mostly developed urban areas adjacent to an 
existing rail corridor with industrial, commercial, and 
residential uses (particularly in the San Bernardino Area).  
More potential property impacts than the UPRR Colton or 
Riverside/Colton alignments.  33% of the length would have 
high potential impacts on property. 
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 Union Pacific Railroad (UPRR) 

 Colton Line Riverside/Colton Line 
Colton Line to San 

Bernardino 
Riverside/Colton/San 

Bernardino 

Hydrology and Water 
Resources:  Potential impacts 
and associated ac (ha) of 
floodplains, and linear ft (m) of 
streams within potential impact 
study areas, ac (ha) lakes/other 
water bodies within study areas. 

Floodplains:85  132 ac (53 
ha) 

Streams:86  1,400 linear ft 
(6,325 linear m) 

Lakes:   1.1 ac (0.4 ha) 

 

Traverses mostly developed 
urban areas with 
channelized watercourses.  
Potential impacts would be 
limited due to use of 
existing rail corridors.  
Because stream crossings 
have already been 
accomplished, these 
alignments would not result 
in new crossings or 
disturbances to these 
resources. 

Floodplains:   57 ac (23 ha) 

Streams:  2,250 linear ft 
(11,619 linear m) 

Lakes:   0.5 ac (0.2 ha) 

 

Traverses mostly developed 
urban areas with 
channelized watercourses.  
Potential impacts would be 
limited due to use of 
existing rail corridors.  
Because stream crossings 
have already been 
accomplished, these 
alignments would not result 
in new crossings or 
disturbances to these 
resources. 

Floodplains:   148 ac (60 ha) 

Streams:  3,000 linear ft 
(4,715 linear m) 

Lakes:   1.1 ac (0.4 ha) 

 

Traverses mostly developed 
urban areas with channelized 
watercourses.  Potential 
impacts would be limited due 
to use of existing rail corridors.  
Because stream crossings 
have already been 
accomplished, these 
alignments would not result in 
new crossings or disturbances 
to these resources. 

Floodplains:   115 ac (47 ha) 

Streams:  3,850 linear ft 
(10,010 linear m) 

Lakes:   0.5 ac (0.2 ha) 

 

Traverses mostly developed 
urban areas with 
channelized watercourses.  
Potential impacts would be 
limited due to use of 
existing rail corridors.  
Because stream crossings 
have already been 
accomplished, these 
alignments would not result 
in new crossings or 
disturbances to these 
resources. 

                                                 
85 The study area is defined as 100 ft (30 m) on each side of the alignment centerline. 
86 The study area is defined as a total of 50 feet (25 feet on each side of alignment centerline), per representative impact analysis. 
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 Union Pacific Railroad (UPRR) 

 Colton Line Riverside/Colton Line 
Colton Line to San 

Bernardino 
Riverside/Colton/San 

Bernardino 

Biological Resources  
Including Wetlands:  Ac (ha) 
of wetland and ac (ha) of 
special-status species habitat 
within potential impact study 
areas 

Wetlands:   NA87

Species:88  5 

Habitat:   66 ac (27 ha) 

Traverses mostly developed 
urban areas.  Due to 
existing development, there 
are few wetlands and 
wildlife resources present 
along the proposed 
alignment.  Therefore, 
potential for impacts would 
be limited. 

Wetlands:   NA 

Species:   4 

Habitat:   65 ac (26 ha) 

 

Traverses mostly developed 
urban areas.  Due to 
existing development, there 
are few wetlands and 
wildlife resources present 
along the proposed 
alignment.  Therefore, the 
potential for impacts would 
be limited. 

Wetlands:   NA 

Species:   4 

Habitat:   119 ac (48 ha) 

 

Traverses mostly developed 
urban areas.  Due to existing 
development, there are few 
wetlands and wildlife 
resources present along the 
proposed alignment.  
Therefore, the potential for 
impacts would be limited. 

Wetlands:   NA 

Species:   3 

Habitat:   118 ac (48 ha) 

 

Traverses mostly developed 
urban areas.  Due to 
existing development, there 
are few wetlands and 
wildlife resources present 
along the proposed 
alignment.  Therefore the 
potential for impacts would 
be limited. 

Section 4(f) and 6(f) 
Resources:89  Number of 
resources rated high (potential 
direct effects) 

Resources rated high:  7 

 

Alignment would be along 
or adjacent to existing 
right-of-way and could 
potentially impact local 
parks. 

Resources rated high:  9 

 

Alignment would be along or 
adjacent to existing right-of-
way and could potentially 
impact local parks. 

Resources rated high:  9 

 

Alignment would be along or 
adjacent to existing right-of-
way and could potentially 
impact local parks. 

Resources rated high:  11 

 

Alignment would be along or 
adjacent to existing right-of-
way and could potentially 
impact local parks. 

 

                                                 
87 The comparison of potential impacts to wetland resources is not relevant due to limited wetlands data in this region, particularly in the Soledad Canyon area.  Hydrologic information 
regarding potential impacts to streams and lakes is used as a indication of the potential for impacts to wetland resources for this area. 
 
88 The study area is defined as a total of 50 feet (25 feet on each side of alignment centerline), per representative impact analysis. 
 
89 The 4(f) and 6(f) resources study area is defined as 900 ft (274m) on each side of the alignment centerline. 
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6.5.2 March Air Reserve Base to Mira Mesa Alignment Options 

All information presented is for the area from March ARB to Mira Mesa.  This segment is shown in Figure 6.5-2. 

 I-215/I-15 

Physical/Operational Characteristics 

Alignment Description The I-215/I-15 alignment would begin at March ARB and follow the existing I-215 and then I-15 corridor to Mira Mesa.  The 
majority of the alignment would follow or be adjacent to the existing transportation corridor.  Station options considered in this 
segment include March ARB (cost not included), Temecula/Murrietta, and Escondido (I-15 or Escondido Transit Center). 

Length in miles (km) 73 mi (117 km) 

Cost (dollars) $3.97 billion (with I-15 Escondido station) 

$4.89 billion (with Escondido Transit Center station) 

Travel Time (min) 32 min 

Ridership This alignment would serve the I-15 corridor well, regardless of which Escondido station option were chosen. 

Constructability Substantial earthwork along this alignment could require additional right-of-way or extensive retaining walls.  Existing traffic flow 
would need to be maintained during construction. 

Operational Issues Average speed:  153–215 mph (246–346 kph) 

Maximum speed:  186–217 mph (299–349 kph) 

 

This alignment is relatively straight and flat through undeveloped land and rural/suburban communities, thus allowing for 
operating speeds over 200 mph (322 kph). 

Potential Environmental Impacts 

Travel Conditions No rail corridor exists between March ARB and Mira Mesa.  This alignment would provide options to increase accessibility, 
connectivity, and capacity to major suburban areas of Los Angeles and San Diego. 

Noise and Vibration:90  
High, medium, and low 
potential impacts 

Low to medium potential impacts.   

 

There would be low potential impacts between March ARB and Escondido, and medium potential impacts (from the Escondido 
Transit Center alignment and station option) between Escondido and Mira Mesa.  This is largely due to the larger population 
south of Escondido compared to north of Escondido. 

                                                 
90 Generally, vibration is not a significant impact. However, sensitive and specific areas, such as historical structures and special habitats, could be affected. 
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 I-215/I-15 

Land Use and Planning, 
Communities and 
Neighborhoods, Property, 
and Environmental 
Justice 

Compatible. 

Environmental Justice:  Low potential minority population impacts. 

Community:  Low potential impacts. 

Property:  Low potential impacts. 

 

Since this area is largely undeveloped, this alignment would have few potential land use impacts. 

Cultural Resources and 
Paleontological 
Resources:91  Potential 
presence of historical 
resources in area of potential 
effect 

High potential impacts.  March ARB to Mira Mesa has high potential for archeological resources.  The mountainous terrain just 
south of Temecula is considered to contain important traditional tribal cultural areas. 

Hydrology and Water 
Resources:  Potential 
impacts and associated ac 
(ha) of floodplains, and linear 
ft (m) of streams within 
potential impact study areas, 
ac (ha) lakes/other water 
bodies within study areas. 

Floodplains:92  112 ac (45 ha) 

Streams:93  650-1,050 linear ft (198-320 linear m) 

Lakes:   0.7-2.1 ac (0.3-0.8 ha) 

Most of the potential impacts on streams and floodplains could be mitigated through typical engineering solutions. 

Biological Resources 
Including Wetlands:  Ac 
(ha) of wetlands, ac (ha) of 
special-status species habitat 
within potential impact study 
areas, and linear ft (m) of 
non-wetland waters (waters) 

Wetlands:   1.3-2.8 ac (0.5-1.1 ha) 

Species:   11 

Habitat:   104-106 ac (42-43 ha) 

 

Wildlife species potentially impacted include 15 sensitive species.  March ARB to Escondido would result in potential impacts to 
jurisdictional waters. 

                                                 
91 The archaeological area of potential effect is defined as 500 ft (152 m) on each side of the alignment centerline for new routes requiring additional right-of-way, and 100 ft (30 m) 
on each side of the centerline for routes along existing highways and railroads, where very little additional right-of-way would be required.  The study area for paleontological 
resources is defined as 100 ft (30 m) on each side of alignment centerline. 
92 The study area is defined as 100 ft (30 m) on each side of the alignment centerline. 
93 The study area is defined as a total of 50 feet (25 feet on each side of alignment centerline), per representative impact analysis. 
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 I-215/I-15 

Section 4(f) and 6(f) 
Resources:94  Number of 
resources rated high 
(potential direct effects) 

Resources rated high:  15–16, depending on station option at Escondido 

 

The parks in this region are primarily unnamed local parks with recreational uses stretching the length of the corridor. 

 

                                                 
94 The 4(f) and 6(f) resources study area is defined as 900 ft (274m) on each side of the alignment centerline. 
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6.5.3 Mira Mesa to San Diego Alignment Options  

All information presented is for the area from Mira Mesa to San Diego.  This segment is shown in Figure 6.5-3. 

 Carroll Canyon Miramar Road I-15 to Qualcomm Stadium 

Physical/Operational Characteristics 

Alignment Description Undeveloped land and parkland 
comprise a considerable share of land 
use.  The alignment follows an 
existing transportation corridor.  The 
corridor traverses Carroll Canyon from 
Mira Mesa to the University City 
Station, connects to LOSSAN corridor, 
and terminates in downtown San 
Diego.  The alignment is next to the 
north side of the Miramar Naval Air 
Station (NAS).  Station options 
considered in this segment include 
University City, San Diego Airport, and 
downtown San Diego. 

Undeveloped land and parkland comprise 
a considerable share of land use.  The 
alignment follows an existing 
transportation corridor.  The Miramar 
Road alignment would provide the most 
direct route from Mira Mesa along 
Miramar Road to University City Amtrak 
Station, connect to LOSSAN corridor, and 
terminate in downtown San Diego.  The 
alignment is adjacent to the north side of 
the Miramar Naval Air Station (NAS).  
Station options considered in this 
segment include Mira Mesa, University 
City, and downtown San Diego. 

Undeveloped land and parkland 
comprise a considerable share of land 
use.  The alignment follows the I-15 
alignment to Qualcomm Stadium.  
This alignment, along with the existing 
I-15 corridor, would bisect the 
Miramar NAS.  Station options 
considered in this segment include 
Mira Mesa and Qualcomm. 

Length in miles (km) 19 mi (31 km) 19 mi (31 km) 9 mi (14 km) 

Cost (dollars) $1.42 billion $1.35 billion   $1.28 billion

Travel Time (min) 14 min 14 min 7 min 

Ridership Would provide direct service to 
downtown San Diego and have higher 
potential for commute ridership than 
I-15 to Qualcomm option. 

Would provide most direct service to 
downtown San Diego and have higher 
potential for commute ridership than I-15 
to Qualcomm option. 

Would provide highest potential for 
intercity ridership.  The low-end 
ridership analysis estimates 350,000 
more intercity passengers for this 
option than the downtown options by 
2020.  Would not provide direct 
service to downtown San Diego but 
would provide the shortest travel time 
to the greater San Diego area.  The 
station location would be an 8-mi (13-
km) drive or 10-mi (16-km) (20-min) 
ride on light-rail transit (LRT) to the 
city center. 
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 Carroll Canyon Miramar Road I-15 to Qualcomm Stadium 

Constructability This alignment would require 
construction in a sensitive and remote 
area, and along the heavily 
constrained LOSSAN rail corridor as it 
enters San Diego from the north.  
Existing rail services would need to be 
maintained during construction. 

This alignment would require construction 
in a densely suburban area, along an 
existing roadway, and along the heavily 
constrained LOSSAN rail corridor as it 
enters San Diego from the north.  Existing 
traffic and rail services would need to be 
maintained during construction. 

This alignment would require 
substantial earthwork and additional 
right-of-way or extensive retaining 
walls.  Existing traffic flow would need 
to be maintained during construction.  
This alignment would be the shortest 
to be constructed relative to other 
alignment options. 

Operational Issues Average speed:  84 mph (135 kph) 

Maximum speed:  124–155 mph (200–
249 kph) 

Average speed:  84 mph (135 kph) 

Maximum speed:  124–155 (200–249 
kph) 

Average speed:  77 mph (124 kph) 

Maximum speed:  124–155 (200–249 
kph) 

Potential Environmental Impacts 

Travel Conditions The Carroll Canyon alignment and the Miramar Road alignment would directly serve 
downtown San Diego.  The Carroll Canyon alignment option provides an alternative 
to the potential Mira Mesa station at University City.  The Carroll Canyon and 
Miramar Road alignment options would provide considerably shorter travel times to 
downtown San Diego than the I-15 to Qualcomm Stadium alignment (including 
alternative travel from Qualcomm to downtown).   

The I-15 to Qualcomm alignment 
would have the shortest line-haul 
times (about 7 min less than the two 
options to downtown San Diego), but 
would not directly serve downtown 
San Diego.  The in-train travel time for 
the light-rail between Qualcomm and 
the downtown San Diego Santa Fe 
Depot is more than 20 min. 

Land Use and Planning, 
Communities and 
Neighborhoods, Property, and 
Environmental Justice 

Moderately compatible (alignment 
would follow existing transportation 
corridor, therefore reducing potential 
impacts). 

Environmental Justice:  Low potential 
minority population impacts. 

Community:  Low potential impacts. 

Property:  Medium potential impacts. 

 

Carroll Canyon option would pass well 
to the north of Miramar NAS, thereby 
avoiding potential impacts. 

Moderately compatible (alignment would 
follow existing transportation corridor, 
therefore reducing potential impacts). 

Environmental Justice:  Low potential 
minority population impacts. 

Community:  Low potential impacts. 

Property:  Low potential impacts. 

 

This alignment is directly adjacent to 
Miramar NAS on an aerial structure. 

Moderately compatible (alignment 
would follow existing transportation 
corridor, therefore reducing potential 
impacts). 

Environmental Justice:  Low potential 
minority population impacts. 

Community:  Low potential impacts. 

Property:  Low potential impacts. 

 

This alignment bisects Miramar NAS 
along the I-15 corridor, but it is 
assumed to be in tunnel throughout 
Miramar NAS. 
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 Carroll Canyon Miramar Road I-15 to Qualcomm Stadium 

Aesthetics and Visual 
Resources 

High potential impacts.   

 

At-grade route would cut through a 
residential neighborhood and an open 
space area.  Elevated structures would 
also pass through a city center area 
and directly in front of high-rise 
residences, adversely affecting views 
and creating the potential for impacts. 

High potential impacts.   

 

Elevated structure would be visible from 
residential neighborhoods and Balboa 
Park, creating moderate to high levels of 
visual contrast.  Elevated structures 
would also pass through a city center 
area and directly in front of high-rise 
residences, adversely affecting views and 
creating the potential for impacts. 

Low potential impacts.   

 

There are few aesthetic and visual 
resources along the I-15 corridor. 

Cultural Resources and 
Paleontological Resources:95  
Potential presence of historical 
resources in area of potential 
effect 

High potential impacts.   

 

High potential for historical resources 
through downtown San Diego. 

High potential impacts.   

 

High potential for historical resources 
through downtown San Diego. 

Low potential impacts.  

 

Low potential for historical resources. 

Hydrology and Water 
Resources:  Potential impacts 
and associated ac (ha) of 
floodplains, and linear ft (m) of 
streams within potential impact 
study areas, ac (ha) lakes/other 
water bodies within study areas. 

Floodplains:96  162 ac (66 ha) 

Streams:97  100 linear ft (30 m) 

Lakes:   0 ac (0 ha) 

 

Carroll Canyon would have the lowest 
potential impacts on streams, but the 
highest on floodplains.  The Miramar 
corridor crosses several flood-prone 
areas and has several streams feeding 
the area. 

Floodplains:   130 ac (53 ha) 

Streams:  600 linear ft (183 m) 

Lakes:   0 ac (0 ha) 

 

Miramar Road would have similar 
potential impacts as the Carroll Canyon 
alignment.  The Miramar corridor runs 
within several flood-prone areas and has 
several streams feeding the area. 

Floodplains:   40 ac (16 ha) 

Streams:  250 linear ft (76 m) 

Lakes:   0.3 ac (0.1 ha) 

 

The I-15 option would have potential 
impacts on streams.  The I-15 corridor 
is considered a flood-prone area and 
has several streams feeding the area. 

                                                 
95 The archaeological area of potential effect is defined as 500 ft (152 m) on each side of the alignment centerline for new routes requiring additional right-of-way, and 100 ft (30 m) 
on each side of the centerline for routes along existing highways and railroads, where very little additional right-of-way would be required.  The study area for paleontological 
resources is defined as 100 ft (30 m) on each side of alignment centerline. 
96 The study area is defined as 100 ft (30 m) on each side of the alignment centerline. 
97 The study area is defined as a total of 50 feet (25 feet on each side of alignment centerline), per representative impact analysis. 
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 Carroll Canyon Miramar Road I-15 to Qualcomm Stadium 

Biological Resources Including 
Wetlands:  Ac (ha) of wetland 
and ac (ha) of special-status 
species habitat within potential 
impact study areas 

Wetlands:98  2.5 ac (1 ha) 

Habitat:   40 ac (16 ha) 

Species:   10 

 

Characterized by a predominance of 
southern riparian scrub and potential 
encounters with more non-wetland 
waters (as a result of the canyon 
alignment) than the other two 
alignment options.  Wetlands would be 
dominated by estuarine wetlands 
along the coast, with a greater 
amount of vernal pool wetlands than 
the Miramar Road alignment.  This 
alignment would be expected to result 
in potential impacts on wildlife habitat 
and movement corridors, as well as to 
encounter threatened and endangered 
species and species of special concern. 

Wetlands:   0.9 ac (0.4 ha) 

Habitat:   34 ac (14 ha) 

Species:   6 

 

Characterized by a predominance of 
mixed chaparral and southern riparian 
scrub and a potential encounter with a 
substantial amount of non-wetland 
waters.  Wetlands would be dominated by 
estuarine areas along the coast, with 
some vernal pool wetlands in the interior 
portion of the segment.  The Los 
Peñasquitos Canyon Preserve near 
Miramar NAS is a considerable regional 
wildlife and linkage corridor that might 
also be potentially impacted.  This 
alignment would be expected to result in 
potential impacts on wildlife habitat and 
movement corridors, as well as to 
encounter threatened and endangered 
species and species of special concern. 

Wetlands:   0.2 ac (0.1 ha) 

Habitat:   18 ac (7 ha) 

Species:   6 

 

Characterized by a predominance of 
mixed chaparral and a potential 
encounter with a substantial amount 
of non-wetland waters (similar in 
quantity to the Miramar Road 
alignment).  Wetlands would be 
dominated by palustrine and vernal 
pool wetlands, with a quantity of 
vernal pool wetlands higher than 
either the Carroll Canyon or Miramar 
road alignment options99.  This 
alignment would be expected to result 
in potential impacts on wildlife habitat 
and movement corridors, as well as to 
encounter threatened and endangered 
species and species of special 
concern. 

Section 4(f) and 6(f) 
Resources:100  Number of 
resources rated high (potential 
direct effects) 

Resources rated high:  5 

 

The Section 4(f)  and 6(f) resources in 
this corridor are primarily local parks, 
including the Rose Canyon Open 
Space Preserve.  There are more 
potential impacts on cultural and 
historical resources closer to 
downtown San Diego. 

Resources rated high:  5 

 

Like the Carroll Canyon alignment, the 
Section 4(f) and 6(f) resources in this 
corridor are primarily local parks, 
including the Rose Canyon Open Space 
Preserve and the Miramar Memorial Golf 
Course.  There are more potential impacts 
on cultural and historical resources closer 
to downtown San Diego. 

Resources rated high:  9 

 

This alignment contains a higher 
number of unnamed local parks than 
the other two corridors, primarily 
because of the suburban development 
of the area. 

                                                 
98 The study area is defined as a total of 50 feet (25 feet on each side of alignment centerline), per representative impact analysis. 
 
99 Vernal Pools of Southern California Draft Recovery Plan, U.S. Fish and Wildlife Service, 1997. 
100 The 4(f) and 6(f) resources study area is defined as 900 ft (274m) on each side of the alignment centerline. 
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 Carroll Canyon Miramar Road I-15 to Qualcomm Stadium 

Growth-Induced Impacts Low potential impacts. 

 

Growth is forecasted to be more 
concentrated in the urban (downtown) 
areas. 

Low potential impacts.   

 

Growth is forecasted to be more 
concentrated in the urban (downtown) 
areas. 

High potential impacts.   

 

Moving the terminal site from 
downtown San Diego to East Mission 
Valley is projected to increase the size 
of the urbanized area by about 11,500 
ac (4,654 ha) (more than 2%) in 
2035. 
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6.5.4 Los Angeles to San Diego Station Options 

Station Name (Alignment) Discussion 

East San Gabriel Valley 

City of Industry Metrolink 
(UPRR Riverside/UPRR Colton) 

The Metrolink station site at City of Industry would have a wide range of multimodal connections to local and regional bus 
services, and Metrolink commuter rail service.  The City of Industry site would provide a central location between the potential 
stations at LAUS and Ontario Airport.  This station site would also have good access to the freeway network.  The City of 
Industry station site would be served by the UPRR Riverside/Colton alignment option.  The forecasted ridership (boardings and 
alightings) would be between 4.8 and 10.2 million annual intercity passengers in 2020. 

The City of Industry station would be at grade, allowing for easier and less expensive construction of the facility.  The station is 
estimated to cost $28.7 million. 

There are few environmental issues with this site, except incompatibility with current land use.  The surrounding area is 
primarily low density residential and would not be compatible with a train station. 

Pomona Metrolink (UPRR 
Colton and UPRR 
Riverside/Colton) 

The Metrolink station site at Pomona would have a wide range of multimodal connections to local and regional bus services, and 
Metrolink commuter rail service.  This station site would also provide good access to the freeway network.  The Pomona station 
site would be served by both the UPRR Colton and UPRR Riverside/Colton alignment options.  The Pomona Metrolink station 
would have high potential ridership.  The intercity ridership (boardings and alightings) would be similar to the City of Industry 
station option forecast. 

The station would be an aerial structure next to the existing at-grade Metrolink Station.  Expected cost is $165 million. 

The Pomona station has few environmental issues.  However, there is one Section 4(f) and 6(f) resource within 150 ft (46 m) of 
the station.  This unnamed park could be affected by station activities. 

El Monte (UPRR Colton) The El Monte station site would have good freeway access, but would only serve the UPRR Colton Line.  The intercity ridership 
(boardings and alightings) would be similar to the City of Industry station forecasts. 

The El Monte station would be at grade, which would make construction easier and less expensive than if it were an aerial 
structure.  The station is estimated to cost $27.0 million. 

There are few environmental issues with this site.  However, the surrounding area is primarily low density residential and would 
not be compatible with a train station. 

South El Monte (UPRR 
Riverside/UPRR Colton) 

The South El Monte station site would have good freeway access but would only serve the UPRR Riverside/UPRR Colton Line.  
The intercity ridership (boardings and alightings) would be similar to the City of Industry station option forecasts. 

Like the El Monte station, the South El Monte station would be at grade, which would make construction easier and less 
expensive than if it were an aerial structure.  The station is estimated to cost $27.0 million. 

Like the City of Industry station location, there are few environmental issues with this site, except incompatibility with current 
land use.  The surrounding area is primarily low density residential and would not be compatible with a train station.  The 
station would have a medium potential impact on streams, and would potentially affect 1,500 linear ft (457 linear m) of non-
wetland waters. 
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Station Name (Alignment) Discussion 

Ontario Airport 

Ontario Airport (UPRR Colton 
and UPRR Riverside/UPRR 
Colton) 

The Ontario airport station would provide a multi-modal connection to Ontario International Airport and link to regional bus 
transit services.  The Ontario airport station would provide the fastest HST travel times and reduce access costs for passengers 
to Ontario International Airport.  The forecasted intercity ridership (boardings and alightings) would be between 1.0 and 2.2 
million annual intercity passengers in 2020. 

The station would be at grade, costing approximately $ 27.0 million.  Since it is next to a functioning airport, particular 
construction techniques may need to be employed to avoid interference with airport ground and airside operations, which could 
have cost implications. 

There are few environmental issues with this station location. 

East San Bernardino County/Riverside County 

San Bernardino Santa Fe 
Depot (Riverside/Colton/San 
Bernardino)  

The San Bernardino station site would have the widest range of multimodal connections to local and regional bus services, and 
Metrolink commuter rail service.  The forecasted intercity ridership would be similar to the UC Riverside station option forecasts. 

The San Bernardino station would be an aerial station, which is more expensive than at-grade construction.  The estimated cost 
of the station would be $ 86.4 million.101

There are several environmental issues with the San Bernardino station site.  There would be high visual contrast in downtown 
San Bernardino because it would travel through primarily low density residential areas.  It would also have high potential 
shadow impacts.  This station would be incompatible with the surrounding residential area; however, the station is in a 
redevelopment area with future planned uses that would be consistent with the HST station.  Minority populations are present in 
the vicinity of this station option. 

UPRR Colton (UPRR Colton 
and UPRR Riverside/UPRR 
Colton) 

The UPRR Colton station site would have the least connectivity to existing transit services, but it would have the most central 
location for serving both the San Bernardino and Riverside populations, and good accessibility to I-10.  The intercity ridership 
would be similar to the UC Riverside station option forecasts. 

The station would be at grade, making it less expensive to build than the San Bernardino station.  The estimated cost of this 
station is $27.0 million. 

This station could affect 1,330 linear ft (405 m) of streams and 1,400 linear ft (427 m) of non-wetland waters. 

University of California 
Riverside (UPRR Colton and 
UPRR Riverside/UPRR Colton) 

The UC Riverside site is furthest away from the freeway network but provides for the most convenient access to Riverside.  The 
forecasted ridership (boardings and alightings) would be between 2 and 4 million annual intercity passengers in 2020. 

The aerial station would cost $86.4 million.102

This station could affect 690 linear ft (210 m) of streams and 1,500 linear ft (457 m) of non-wetland waters.  There would be 
medium potential visual impacts in the residential areas near the station and along the corridor leading to the station. 

                                                 
101 Costs are reduced due to lower design speed for station stopping tracks, requiring less infrastructure and right-of-way. 
102 Costs are reduced due to lower design speed for station stopping tracks, requiring less infrastructure and right-of-way. 
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Station Name (Alignment) Discussion 

March Air Reserve Base 
(UPRR Colton and UPRR 
Riverside/UPRR Colton) 

The March ARB site would be adjacent to the air reserve base but would have the least connectivity, longest travel times, and 
highest access costs because it is farthest from the Riverside/San Bernardino populations, and the air reserve base does not 
serve commercial air passengers.  The forecasted ridership (boardings and alightings) would be less than the other stations in 
this region in 2020. 

The station would be at grade, making it less expensive to build than the San Bernardino station.  The estimated cost of this 
station is $27.0 million. 

This station could affect 90 ac (36 ha) of costal sage scrub and one Section 4(f) and 6(f) resource.  

Temecula Valley 

Murrieta (I-15) A potential station at Murrieta would serve the fast-growing Temecula/Murrieta area.  The Murrieta station site would have 
convenient freeway access to both I-15 and I-215.  The forecasted ridership (boarding and alighting) would be between 1.2 and 
2.0 million annual intercity passengers in 2020. 

This aerial station would cost $165 million. 

This station could affect 3,319 linear ft (1,012 m) of non-wetland waters and 640 linear ft (195 m) of streams. 

Escondido 

Escondido Transit Center (I-
15) 

The Escondido Transit Center would have somewhat higher connectivity than the Escondido I-15 station.  The Transit Center 
station would be closer to the Escondido Transit Center (within 1/8-mi) and provide better connectivity with the proposed 
Escondido-to-Oceanside commuter rail service.  The forecasted ridership (boardings and alightings) would be between 1.8 and 
2.8 million annual intercity passengers in 2020. 

This station would be in a trench or tunnel, which is the most expensive and difficult station type to build, and would cost $366 
million.  The alignment to serve this station would require 5.9 mi (9.5 km) of tunneling, raising the cost of the alignment 
between March ARB and Mira Mesa by nearly $500 million.  This alignment would also add considerable construction issues and 
right-of-way constraints. 

The corridor leading to the transit center is incompatible with the surrounding low density residential properties; however, the 
HST station is compatible with the use of the Transit Center.  There are also minority populations present around the station. 

Escondido at SR-78/I-15 
(I-15) 

TheEscondido I-15 site is located in the City of Escondido southwest of the I-15/El Norte Parkway interchange.  Access to the 
station is assumed to be from Hillery Drive, which has access to Westview Parkway and Black Mountain Road.  The intercity 
ridership (boardings and alightings) would be similar to the Escondido Transit Center station option forecasts. 

This aerial station would most likely be less expensive than the Escondido Transit Center station.  The station would cost $164 
million. 

The station and corridor are considered moderately compatible with the surrounding land use.  There are few other 
environmental concerns. 
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Station Name (Alignment) Discussion 

Mid-San Diego County 

Mira Mesa (I-15) The Mira Mesa location would provide convenient access to the freeway and serve northern San Diego County.  Mira Mesa could 
serve both options to San Diego (I-15/Qualcomm and San Diego Downtown via Carroll Canyon or Miramar Road).  The 
forecasted ridership (boardings and alightings) would be between 0.9 and 1.4 million annual intercity passengers in 2020. 

This aerial station would cost $164 million. 

This stations could affect 50 ac (20 ha) of wetlands. 

University City (Carroll 
Canyon and Miramar Road) 

The University City site could be served by the Coaster commuter rail service.  This ‘at-grade’ station would cost $33.4 million. 

The University City site would be located within a minority population and would have low potential impacts on biological 
resources, visual resources, public utilities, and cultural resources.  There would be moderate potential impacts on geology due 
to seismic hazards and difficulty in excavations, hydrology and water quality due to the potential for erosion, and Section 4(f) 
and 6(f) lands at Mandell Weiss Eastgate Park. 

San Diego 

Downtown San Diego Santa 
Fe Depot (Miramar Road and 
maybe I-15 to Qualcomm) 

For service to San Diego, the downtown San Diego Santa Fe Depot site would have the highest connectivity.  This station is 
located in the city center where many potential HST passengers could walk to destinations.  The Santa Fe Depot is the terminus 
for the Coaster commuter rail service and the Amtrak Surfliner intercity service.  It provides direct connections to San Diego LRT 
network and is a bus transit hub for San Diego.  The intercity ridership forecasts concluded that the downtown San Diego Santa 
Fe terminus would have about 350,000 fewer passengers annually than the Qualcomm Stadium station option by 2020.  The 
downtown station site would have considerably higher potential for serving long distance commuters than the Qualcomm site. 

The station would be an aerial structure with several stub-end tracks.  It would be over the existing station tracks and would be 
difficult to construct while continuing operations of the other rail services below.  The station is expected to cost $115 million. 

There would be medium to high potential property impacts for stations in the downtown areas.  There would be high potential 
visual impacts on the downtown area.  There are approximately 18 ac (7 ha) of estuarine wetlands that would be affected. 

San Diego Airport (Miramar 
Road) 

San Diego International Airport is a unique airport because it is located adjacent to downtown San Diego and is 2 mi (3 km) 
from the city center.  The San Diego airport station location would provide a convenient connection to the airport and directly 
connect with the regional bus network and a San Diego LRT station.  Although the location would not have as good connectivity 
to the city center as the Santa Fe Depot site, it would have a better connection to I-5 and is expected to have similar intercity 
ridership potential as the downtown San Diego Santa Fe station site. 

The station would be an aerial structure with several stub-end tracks.  It would be next to the airport and, similar to the Ontario 
airport station, might require special construction considerations for the ongoing operation of the airport.  This could increase 
the cost of the station, which is expected to be $115 million. 

There are few potential environmental impacts for this station area. 
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Station Name (Alignment) Discussion 

Qualcomm Stadium (I-15) Qualcomm Stadium would provide a direct connection to the San Diego LRT network and good freeway access, but it would not 
have the same level of connectivity to the San Diego city center.  The low-end ridership analysis estimates 350,000 more 
intercity passengers than the downtown option by 2020.  The Qualcomm station would not provide direct service to downtown 
San Diego, but it would provide the shortest travel time to the greater San Diego area.  The station location would be an 8-mi 
(13 km) drive or 10-mi (16 km) (20-min) ride on LRT to the city center.  The forecasted ridership (boarding and alightings) 
would be between 5.4 and 11.4 million annual intercity passengers in 2020. 

The station would be an aerial structure with several stub-end tracks.  The station is expected to cost $115 million. 

There would be medium potential property impacts, and the station would affect 1,430 linear ft (436 m) of non-wetland waters. 
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6.6 LOS ANGELES TO ORANGE COUNTY 

This region includes the western portion of the Los Angeles basin between downtown Los Angeles and Los Angeles International Airport (LAX) and 
the coastal areas of southern California between Los Angeles and Orange County, generally following the existing LOSSAN rail corridor. 

6.6.1 Los Angeles to Los Angeles International Airport Alignment Options 

All information presented is for the area from Los Angeles to LAX.  This segment is shown in Figure 6.6-1. 

 MTA Harbor Subdivision Alignment 

Physical/Operational Characteristics 

Alignment Description The LAUS to LAX alignment would follow an existing rail corridor for the majority of the distance from LAUS to LAX.  
Station options considered in this segment include LAX Station. 

Length in miles (km) 15.4 mi (24.8 km) 

Cost (dollars) $1.93 billion 

Travel Time (min) 13 min 

Ridership This alignment would provide a direct route to LAX. 

Constructability This alignment would require construction of at-grade and aerial structure segments.  It would be on an aerial structure 
from LAUS to the MTA harbor subdivision, at grade to I-405, and then on aerial to the airport. 

Operational Issues Average speed:  69 mph (111 kph) 

Maximum speed:  93–124 mph (150–200 kph) 

Potential Environmental Impacts 

Travel Conditions If service to LAX is selected, frequencies to each station along the Los Angeles-Inland Empire-San Diego corridor could 
be less than if a single line south of Los Angeles were selected.  If both LAX and the direct link to Orange County were 
selected in addition to the Los Angeles-Inland Empire-San Diego corridor, the potential frequency of service for each of 
these three corridors could be considerably reduced.  However, if LAX is directly served by HST, the number of 
intermodal connections would be increased, the travel times and access costs to these markets would be decreased, and 
the competitiveness of the new mode for the southwest portions of Los Angeles County intercity transportation markets 
would be increased.  If the airport is not directly served, local transportation (shuttle, regional transit, or the automobile) 
will be needed between LAUS and the airport, or to western Los Angeles County. 

Noise/Vibration:103  High, medium, 
and low potential impacts 

High potential impacts.  Dense urban area surrounding land uses. 

Speeds would be restricted under 100 mph (161 kph) for the majority of the alignment. 

                                                 
103 Generally, vibration is not a significant impact. However, sensitive and specific areas, such as historical structures and special habitats, could be affected. 
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 MTA Harbor Subdivision Alignment 

Land Use and Planning, 
Communities and Neighborhoods, 
Property, and Environmental 
Justice 

Compatible.  

Environmental Justice:  Low potential minority population impacts along alignment.  

Community:  Low potential impacts. 

Property:  Low potential impacts along alignment.  Potential impacts at the LAX station location. 

 

Although there are minority populations in the corridor, the alignment is largely within an existing right-of-way, therefore 
reducing the potential impacts.  The final location and type of station at LAX could influence the ultimate impact of the 
station on the surrounding community. 

Aesthetics and Visual Resources:  
Potential high contrast/impact areas 
and possible shadow areas 

Medium potential impacts. 

 

Elevated track would be visible in urban corridor and would create shadows. 

Hydrology and Water 
Resources:104  Potential impacts and 
associated ac (ha) of floodplains, and 
linear ft (m) of streams within 
potential impact study areas 

Floodplains:  5 ac (2 ha) 

Streams:  1,300 linear ft (396 linear m) 

 

Potential impacts would be limited due to the use of existing rail corridors in which few resources are found. 

Biological Resources Including 
Wetlands:105  Linear ft of non-
wetland waters (waters) and number 
of special-status species (species) 

Waters:  2,960 linear ft (902 linear m) 

Species:  8 

 

Potential impacts would be limited due to the use of existing rail corridors in which few resources are found. 

Section 4(f) and 6(f) 
Resources:106  Number of resources 
rated high (potential direct effects) 

Resources rated high:  2 

 

Potential impacts would be limited due to the use of existing rail corridors in which few resources are found. 

 

                                                 
104 The hydrology and water resources study area is defined as 100 ft (30 m) on each side of the alignment centerline. 
105 The biological resources and wetlands study area is defined as 1,000 ft (305 m) for urban areas, 0.25 mi (0.40 km) for undeveloped areas, and 0.5 mi (0.80 km) for sensitive areas 
on each side of alignment centerline. 
106 The 4(f) and 6(f) resources study area is defined as 900 ft (274m) on each side of the alignment centerline. 
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6.6.2 Los Angeles Union Station to Orange County Alignment Options 

All information presented is for the area from Los Angeles to Anaheim/Irvine.  This segment is shown in Figure 6.6-2. 

 HST Options 

 

Union Pacific 
Santa Ana–HST (to 

Anaheim) 
LOSSAN Corridor–HST (to 

Anaheim) LOSSAN Corridor–HST (to Irvine) 

Alignment Description This alignment would 
provide dedicated107 HST 
service using an existing 
UPRR right-of-way.  
Station options 
considered in this 
segment include Norwalk 
and Anaheim 
Transportation Center. 

This shared-use108 alignment would 
provide HST service along the existing 
LOSSAN corridor, terminating at 
Anaheim Transportation Center.  The 
segment from Union Station to 
Fullerton would have a total of four 
tracks.  Station options considered in 
this segment include Norwalk, 
Fullerton Transportation Center, and 
Anaheim Transportation Center. 

This shared-use109 alignment would provide HST service 
along the existing LOSSAN corridor, terminating at Irvine 
Transportation Center.  The segment from Union Station to 
Fullerton would have a total of four tracks.  Station options 
considered in this segment include Norwalk, Fullerton 
Transportation Center, Anaheim Transportation Center, 
Santa Ana Regional Transportation Center, and Irvine 
Transportation Center. 

Length miles (km) 28.8 mi (46.3 km) 30.1 mi (48.4 km) 43.9 mi (70.7 km) 

Cost (dollars) $3.45 billion $1.20 billion   $2.31 billion

Travel Time (min) 16 min 27 min 37 min 

Ridership Dedicated HST route 
provides fastest through-
service with no capacity 
constraints from 
competing rail traffic. 

Provides HST service to central Orange 
County but is frequency-constrained 
because of shared-use operations. 

Extends HST services to south central Orange County but is 
frequency-constrained because of shared-use operations. 

Constructability Within existing rail right-
of-way.  Would require 
construction of at-grade, 
aerial structure, 
trenched and tunnel 
segments. 

Within existing rail right-of-way.  
Would require additional right-of-way 
and construction of extensive grade 
separations while maintaining existing 
service. 

Within existing rail right-of-way.  Would require additional 
right-of-way and construction of extensive grade 
separations while maintaining existing service.  Would 
require construction of trenched segments. 

                                                 
107 Dedicated HST means only HST will operate on the alignment. 
108 Shared-use means that HST and other passenger rail service will operate on the same alignment.  
109 Shared-use means that HST and other passenger rail service will operate on the same alignment. 
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 HST Options 

 

Union Pacific 
Santa Ana–HST (to 

Anaheim) 
LOSSAN Corridor–HST (to 

Anaheim) LOSSAN Corridor–HST (to Irvine) 

Operational Issues No dispatching conflicts 
with conventional freight 
or passenger trains due 
to the dedicated right-of-
way for HST operations.  
Few sharp curves to limit 
speeds.  Could support 
up to 20 trains per hour 
in each direction, 
depending on terminal 
station configuration. 

Shared-use alignment with delays and capacity constraints due to other rail traffic.  Operational 
analysis suggests range of between 18 and 45 HST trains a day in each direction, depending on 
schedule and the effectiveness of a joint operating plan that would have to be developed in 
partnership with Amtrak and Metrolink.  These estimated HST service levels assumed 16 Amtrak and 
29 Metrolink trains daily in each direction. 

 

Improvements also benefit existing freight, passenger, and commuter services.  The addition of a 
fourth track between Los Angeles and Fullerton would allow for the segregation of freight and 
passenger services, assuming additional modifications to track configurations approaching Fullerton 
and LAUS. 

Travel Conditions This alignment is the 
most direct alternative 
and has fastest travel 
time.  

A new station in Norwalk 
would be located along 
the alignment.  This 
alignment could also be 
extended to Irvine along 
the existing LOSSAN 
corridor.  The fully 
grade-separated corridor 
would improve traffic 
flow and reduce air 
pollution at existing rail 
crossings. 

This alignment would operate along the existing rail corridor, providing fast travel times and direct 
service. 

 

Infrastructure improvements would provide benefits to existing Amtrak and commuter rail services as 
well.  The fully grade-separated corridor would improve traffic flow and reduce air pollution at existing 
rail crossings. 

Noise and Vibration:110  
High, medium, and low 
potential impacts  

High potential impacts.  
Introduces new potential 
impacts in partially 
residential area on what 
is currently a sparsely 
used freight line. 

Medium potential impacts.  There would be an increase in noise levels due to increased frequency of 
trains consisting of HST, Amtrak, Metrolink, and BNSF trains at conventional speeds.  There would be 
a reduction in noise levels due to the elimination of horn noise and gate noise from existing services 
as a result of the grade separations at some existing grade crossings.  The grade crossing noise 
reduction (elimination of horn noise and gate noise from existing services) as a result of the grade 
separations would offset the increase in train frequencies  

                                                 
110 Generally, vibration is not a significant impact. However, sensitive and specific areas, such as historical structures and special habitats, could be affected. 
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 HST Options 

 

Union Pacific 
Santa Ana–HST (to 

Anaheim) 
LOSSAN Corridor–HST (to 

Anaheim) LOSSAN Corridor–HST (to Irvine) 

Land Use and Planning, 
Communities and 
Neighborhoods, Property, 
and Environmental 
Justice 

Compatible. 

Environmental Justice:  
Minority populations are 
present at points along 
this alignment option. 

Community:  Low 
potential impacts. 

Property:  Low potential 
impacts. 

Compatible. 

Environmental Justice:  Minority populations are present at points along this alignment option.   

Community:  Low potential impacts. 

Property:  High potential impacts. 

Aesthetics and Visual 
Resources:  Number of 
viewing points and potential 
high contrast/impact areas 

Low potential impacts.   

No viewing points are 
located along this 
alignment.  Potential 
impacts are medium to 
high contrast/ impact 
areas. 

Low potential impacts.  

No viewing points are located along this alignment.  Potential impacts are low to high contrast/impact 
areas. 

Hydrology and Water 
Resources:  Potential 
impacts and associated ac 
(ha) of floodplains, and linear 
ft (m) of streams within 
potential impact study areas, 
ac (ha) lakes/other water 
bodies within study areas. 

Floodplains:111  15 ac (6 
ha) 

Streams:112  1450 linear 
ft (442 linear m) 

Floodplains:   75 ac (30 ha) 

Streams:   1050 linear ft (320 
linear m) 

Floodplains:   75 ac (30 ha) 

Streams:   1050 linear ft (320 linear m) 

                                                 
111 The Floodplains study area is defined as 100 ft (30 m) on each side of the alignment centerline. 
112 The streams, habitat and species study area is defined as a total of 50 feet (25 feet on each side of alignment centerline), per representative impact analysis. 

 

 
CALIFORNIA HIGH SPEED RAIL AUTHORITY 

 
 

U.S. Department 
of Transportation 
Federal Railroad 
Administration 

Page 6-83

 
C022069



California High-Speed Train Final Program EIR/EIS High-Speed Train Alignment Options Comparison 

 HST Options 

 

Union Pacific 
Santa Ana–HST (to 

Anaheim) 
LOSSAN Corridor–HST (to 

Anaheim) LOSSAN Corridor–HST (to Irvine) 

Biological Resources, 
Including Wetlands Linear 
ft of non-wetland waters 
(waters), and ac (ha) of 
special-status species habitat 
within potential impact study 
areas 

Habitat: 66 ac (27 ha) 

Species:  3 

 

Trains would travel in 
existing right-of-way 
within an urban area. 

Habitat: 65 ac (26 ha) 

Species:  2 

 

Trains would travel in existing 
right-of-way within an urban 
area. 

Habitat: 65 ac (26 ha) 

Species:  2 

 

Trains would travel in existing right-of-way within an urban area. 

Section 4(f) and 6(f) 
Resources:113  Number of 
resources rated high 
(potential direct effects) 

Resources rated high:  3  

 

Potential impacts would 
be limited due to the use 
of existing rail corridors 
in which few resources 
are found. 

Resources rated high:  2  

 

Potential impacts would be 
limited due to the use of 
existing rail corridors in which 
few resources are found. 

Resources rated high:  5  

 

Potential impacts would be limited due to the use of existing rail 
corridors in which few resources are found. 

 

                                                 
113 The 4(f) and 6(f) resources study area is defined as 900 ft (274m) on each side of the alignment centerline. 
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6.6.3 Los Angeles to San Diego Station Options 

Station Name (Alignment) Discussion 

High-Speed Rail Stations 

Los Angeles International Airport 

Los Angeles International 
Airport (MTA Subdivision) 

The LAX station would be a below-grade station, adjacent to airport terminals, and would permit easy access by a potential 
people mover or shuttle, or by walking.  It would have direct connections to regional bus transit services and would be the only 
HST station directly serving western Los Angeles County.  This underground terminal station would cost $336 million.   

A station at LAX would have low potential impacts on biological resources, visual resources, cultural and paleontological 
resources, Section 4(f) and 6(f) lands, and public utilities; and low to moderate potential impacts on hydrology and water 
quality (mostly groundwater).  It would be located within a minority population. 

Southern Los Angeles County (Gateway Cities) 

Norwalk (UPRR) The selection of the alignment between Los Angeles and Orange County would determine the preferred station location that 
would serve the 17 cities that comprise the Gateway Cities of south Los Angeles County, which include the Cities of Vernon, 
Commerce, Montebello, Pico Rivera, Santa Fe Springs, Norwalk, and La Mirada.  The Norwalk UPRR site would be an elevated 
station located near the Imperial Highway.  There is no existing passenger rail connection (about 1 mi [2 km] east of the Green 
Line LRT terminus).  It has existing bus connections and good freeway access.  The station would cost $28.7 million. 

A station in Norwalk along the UPRR Santa Ana Branch Line would have low potential impacts on biological resources, 
paleontological resources, hydrology and water quality, public utilities, and Section 4(f) and 6(f) lands; low to moderate 
potential impacts on cultural resources; and moderate potential visual impacts since it would be an elevated station.  It would 
be located within a minority population, in addition to requiring some non-residential displacements. 

Norwalk (LOSSAN) The selection of the alignment between Los Angeles and Orange County would determine the preferred station location that 
would serve the 17 cities that comprise the Gateway Cities of south Los Angeles County, which include the Cities of Vernon, 
Commerce, Montebello, Pico Rivera, Santa Fe Springs, Norwalk, and La Mirada.  The Norwalk LOSSAN site would be at Norwalk 
Metrolink station with direct connectivity to the regional commuter rail service.  It would be a bus transit hub for the area, and 
would be well served by I-5 and the Imperial Highway.  An HST station would require considerable improvements to the 
existing station, including lengthening platforms to accommodate the longer trains.  Station improvements would cost $10.0 
million.114

An HST station in Norwalk at the existing Metrolink station would have low potential impacts on biological resources, visual 
resources, cultural and paleontological resources, hydrology and water quality, public utilities, Section 4(f) and 6(f) lands at 
Zimmerman Park, and would be located within a minority population. 

                                                 
114 Shared-use station includes modification to existing platforms and passenger facilities only within existing right-of-way.  Does not include full express and stopping track 
configuration assumed for HST stations on dedicated high-speed lines. 

 

 
CALIFORNIA HIGH SPEED RAIL AUTHORITY 

 
 

U.S. Department 
of Transportation 
Federal Railroad 
Administration 

Page 6-85

 
C022071



California High-Speed Train Final Program EIR/EIS High-Speed Train Alignment Options Comparison 

Station Name (Alignment) Discussion 

Central Orange County 

Anaheim Transportation Center 
(LOSSAN) 

The Anaheim Transportation Center is an existing transit hub with high connectivity for central Orange County.  The station is a 
bus transit hub and serves existing Amtrak and Metrolink Commuter Rail services.  Depending on the alignment selected 
between Los Angeles and Anaheim, there are several design options for the orientation of the HST station at the transportation 
center.  An HST station along the existing LOSSAN corridor would require considerable improvements to the existing station, 
including lengthening platforms to accommodate the longer trains, and would cost $10.0 million.115  For the dedicated UPRR 
Santa Ana Branch alignment option, a full HST terminal station would be required.  The terminal station would be configured 
underground and would cost $336 million. 

The station in Anaheim would have low potential impacts on biological resources, visual resources, cultural and paleontological 
resource, public utilities, cultural resources, and Section 4(f) and 6(f) lands; and moderate potential impacts on hydrology and 
water quality, potentially affecting 15 ac (6 ha) of floodplain.  The site is located within a minority population. 

Southern Orange County 

Irvine Transportation Center 
(LOSSAN) 

The master site plan for the Irvine Transportation Center indicates that this station area will develop into a transit-oriented 
environment serving as a station stop for improved Pacific Surfliner service, Metrolink Commuter service, and a potential 
southern terminus to the proposed HST network in Orange County.  The Irvine Transportation Center is an existing transit hub 
for bus routes with high connectivity for South Orange County.  An HST station would require considerable improvements to the 
existing station, including lengthening platforms to accommodate the longer trains.  In addition, certain amenities would be 
required, since this would be a potential terminus station.  The station improvements would cost $10.0 million.116

 

The station in Irvine would have low potential impacts on biological resources, visual resources, cultural and paleontological 
resources, public utilities, hydrology and water quality (affecting 5 ac [2 ha] of floodplain), and Section 4(f) and 6(f) lands at 
the former El Toro Marine Corps Air Station.  The site is located within a minority population. 

 

                                                 
115 Shared-use station includes modification to existing platforms and passenger facilities only within existing right-of-way.  Does not include full express and stopping track 
configuration assumed for HST stations on dedicated high-speed lines. 
116 Shared-use station includes modification to existing platforms and passenger facilities only within existing right-of-way.  Does not include full express and stopping track 
configuration assumed for HST stations on dedicated high-speed lines. 
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6A.2 BAY AREA - MERCED 

The region from the Bay Area to Merced was divided into three segments: 1) San Francisco to San Jose; 
2) Oakland to San Jose; and 3) San Jose to Merced. 

The Authority, in consultation with the FRA, has identified a broad preferred corridor between the Bay 
Area and the Central Valley containing a number of feasible route options within which further study will 
permit the identification of a single preferred alignment option.  This corridor is generally bounded by 
(and includes) the Pacheco Pass (SR-152) to the south, the Altamont Pass (I-580) to the north, the BNSF 
Corridor to the east, and the Caltrain Corridor to the west, but the Authority would not pursue alignment 
options through Henry Coe State Park and station options at Los Banos.1  The future studies would focus 
on the identification of a preferred alignment between the Central Valley and the San Francisco Bay area. 

Future studies would consider: (1) how and where the HST alignment from the Bay Area would connect 
with the HST alignment in the Central Valley; (2) how and where the HST alignment would enter the Bay 
Area and would connect to Bay Area termini; (3) the location of stations within these segments. 

The following preferences for the San Francisco to San Jose and Oakland to San Jose segments are 
based upon current information.  These recommendations are subject to change based upon the 
information provided in future studies. 

6A.2.1 San Francisco to San Jose 

The Authority, in consultation with the FRA, has identified a broad preferred corridor between the Central 
Valley and the Bay Area containing a number of feasible route options within which further study will 
permit the identification of a single preferred alignment option.  Future studies would consider how much 
of the Caltrain alignment between San Francisco and San Jose would be included as part of the HST 
system.2

Preferred Alignment:  

• Caltrain Corridor (Shared Use)   

 
Analysis: 
 
This Program EIR/EIS analyzes one alignment option between San Francisco and San Jose along the San 
Francisco Peninsula that would utilize the Caltrain rail right-of-way, and share tracks with express Caltrain 
commuter rail services (see Figure 6.2-1).  The Caltrain Corridor (Shared Use) is the preferred alignment 
option for direct service to San Francisco and San Francisco International Airport (SFO). 

The alignment between San Francisco and San Jose is assumed to have 4-tracks, with the two middle 
tracks being shared by Caltrain and HST.  HST trains could operate at maximum speeds of 100-125 mph 
along the Peninsula providing 30-minute express travel times between San Francisco and San Jose.  
Environmental impacts would be minimized since this alignment utilizes the existing Caltrain right-of-way 
(see summary table Section 6.2.1A).  This alignment would increase connectivity and accessibility to San 
Francisco, the Peninsula, and SFO, the hub international airport for northern California.  The HST system 
would provide a safer, more reliable, energy efficient intercity mode along the San Francisco Peninsula 
                                                
1 Highway route numbers are provided only as a convenient reference for the reader, not as a limitation on the corridor to be considered. 

2  In the Authority’s previous investigations a potential Altamont Pass alignment option included a new Bay crossing near the Dumbarton Bridge.  With this 

previous concept involving the Altamont Pass the proposed HST service would use only that portion of the Caltrain alignment between Redwood City and San 

Francisco on the San Francisco Peninsula. 
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while improving the safety, reliability, and performance of the regional commuter service because of the 
fully grade separated tracks with fencing to prevent intrusion, additional tracks, and a state-of-the-art 
signaling and communications system.  The HST alignment would greatly increase the capacity for 
intercity and commuter travel and reduce automobile traffic.    

Many comments in favor of the proposed HST on the San Francisco Peninsula were received from 
agencies and the public, including MTC, the City of San Francisco, Caltrain JPB, Samtrans, BART, the 
Transbay Terminal JPB, the City of Los Altos Hills, the City of Milpitas, the City of Santa Clara, the County 
of Santa Clara, the City of Morgan Hill and the San Francisco Chamber of Commerce.  There was also 
opposition to improvements on the Caltrain corridor raised by some members of the pubic.  The City of 
Menlo Park supported investigating options to avoid the SF Peninsula area by integrating HST with 
existing systems, and the Town of Atherton supports options that would avoid HST service through the 
Town of Atherton as well as investigating trench concepts through the Town of Atherton at the project-
specific level.     

Preferred Station Locations:   

• Downtown San Francisco Terminus: Transbay Terminal 

 
Analysis: 
  
The Transbay Terminal site is the preferred station option for the San Francisco Terminal.  The Transbay 
Terminal would offer greater connectivity to San Francisco and the Bay Area than the 4th and King site 
(about a mile from the financial district) because of its location in the heart of downtown San Francisco 
and since it would serve as the regional transit hub for San Francisco.  The Transbay Terminal is located 
in the financial district where many potential HST passengers could walk to the station.  The Transbay 
Terminal is also expected to emerge as the transit hub for all major services to downtown San Francisco, 
with the advantage of direct connections to BART (1 block from the terminus), Muni, and regional bus 
transit (Samtrans, AC Transit, and Golden Gate District).  Moreover, the Transbay Terminal is compatible 
with existing and planned development and is the focal point of the Transbay redevelopment plan that 
includes extensive high density residential, office, and commercial/retail development.   

The rail component of the Transbay Terminal is estimated to cost about $500 million more than the 4th 
and King option, however because the rail component would be shared with Caltrain services, the 
Transbay Joint Powers Authority funding plan assigns only a portion of the rail related Transbay Terminal 
costs to the HST system.  The rail facilities planned for the Transbay Terminal are for 6 tracks and 3 
platforms.  The Authority’s operational analysis indicated that to serve all of the HST trains proposed in 
the Authority’s Business Plan, four tracks and two island platforms would have to be dedicated to HST 
service.  Subsequent cooperative operations planning analysis of the Transbay terminal rail capacity 
available for HST and Caltrain commuter service would be needed to determine the most efficient mix 
and scheduling of services.  

Public and agency comments have largely favored the Transbay Terminal site.  The City of San Francisco, 
the Transbay Terminal JPB, Samtrans, the Caltrain JPB, the San Francisco Chamber of Commerce, and AC 
Transit all submitted comments in favor of the Transbay Terminal site.   

 
• San Francisco Peninsula Airport Connector Station:  Millbrae (SFO)  
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Analysis: 
 
Two airport connector station options were considered for the San Francisco peninsula in the Draft 
Program EIR/EIS, Milbrae for San Francisco International Airport (SFO) and Santa Clara for San Jose 
International Airport.  SFO serves as the “hub” airport for international travel in Northern California and is 
located about 12 miles south of downtown San Francisco.  The conceptual design is to link to SFO at the 
Millbrae Caltrain/BART station location which is adjacent to SFO (but not directly at the airport).  This 
multi-modal station would link to the airport by the existing BART connection and could possibly be 
reached in the future by the airport people mover system.  The Millbrae (SFO) HST station supports the 
objectives of the HST project by providing an interface with the northern California hub airport for 
national and international flights.  The Millbrae (SFO) is the preferred HST airport connector station on 
the San Francisco peninsula.  

A potential link to San Jose International Airport would be at Santa Clara less than 3 miles north of the 
potential downtown San Jose station.  Because the downtown San Jose (Diridon) station site would 
provide sufficient connectivity to San Jose airport for the foreseeable future the Authority has determined 
that the preferred HST alternative have no HST station at Santa Clara.     

• Mid-Peninsula Station: continue study of potential sites at Palo Alto and Redwood City 

 
Analysis: 
 
The Authority, in consultation with the FRA, has identified a broad preferred corridor between the Central 
Valley and the Bay Area within which further study will permit the identification of a preferred alignment 
option.  Future studies would consider how much of the Caltrain alignment between San Francisco and 
San Jose would be included as part of the HST system and whether a Mid-Peninsula station site should 
be recommended.3

6A.2.2 Oakland to San Jose 

 
The provision of HST service to Oakland would increase connectivity and accessibility to the East Bay, 
including Oakland International Airport.  The HST system would provide a safer, more reliable, energy 
efficient intercity mode directly to the East Bay while improving the safety, reliability and performance of 
the existing Capitol intercity service through grade separation improvements between Oakland and Union 
City.  The HST alignment would greatly increase the capacity for intercity travel in the East Bay and 
reduce highway congestion.  Direct service to Oakland and the East Bay is supported by MTC, the City of 
Oakland, BART, and the Alameda County Congestion Management Agency. 

The Authority, in consultation with the FRA, has identified a broad preferred corridor between the Central 
Valley and the Bay Area containing a number of feasible route options within which further study will 
permit the identification of a single preferred alignment option.  These recommendations for the Oakland 
to San Jose alignment and stations are based upon current information and are subject to change based 
upon the information provided in other future studies. 

                                                
3  In the Authority’s previous investigations a potential Altamont Pass alignment option included a new Bay crossing near the Dumbarton Bridge.  With this 

previous concept involving the Altamont Pass the proposed HST service would use only that portion of the Caltrain alignment between Redwood City and San 

Francisco on the San Francisco Peninsula. 
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Preferred Alignment:   
 
• Hayward Line to I-880 

 
Analysis: 
 
Two alignment options were considered between San Jose and Oakland, the Hayward Line/I-880 and the 
Hayward Branch/Niles/Mulford Line.  Both options would use the Hayward Line freight railroad right-of-
way (also used by the “Capitol” intercity Amtrak service) between Oakland and Union City.  At Union City, 
the Hayward Line/I-880 option would diverge to the median of Interstate 880 (on an aerial structure) to 
bring the alignment to San Jose and a tunnel under a small lake in Fremont Central Park.  This option is 
estimated to cost about $140 million more than the Hayward Line/Niles/Mulford option (about 4% of the 
cost between Oakland and San Jose) but would have higher ridership potential and considerably less 
potential environmental impact.  The Hayward Line/I-880 is the preferred alignment option between 
Oakland and San Jose (see Figure 6.2-2). 

The Hayward Line/Niles/Mulford option would require tight curves that would greatly limit operational 
speeds between Union City and Newark – with express travel times at least 6 minutes longer than the 
Hayward Line/I-880 option.  This alignment also goes through the Don Edwards National Wildlife Refuge, 
which would result in considerably higher potential for environmental impacts (hydrology and water 
resources, biology and wetlands, visual impacts, and Section 4(f) and 6(f) parkland impacts) than the 
Hayward Line/I-880 alignment option (see summary table Section 6.2.1B).   

MTC and the City of Newark support the Hayward Line/I-880 alignment option.  Caltrans District 4 
commented that there would be significant construction stage impacts if the alignment encroaches onto 
the I-880 median between Fremont and San Jose, and there is a need for a detailed analysis of potential 
construction impacts during project level environmental review. 

 
Preferred Station Locations: 
 
• Downtown Oakland Terminus: continue investigation of both West Oakland and 12th Street/City 

Center sites  

 
Analysis: 
 
The West Oakland station option and the 12th Street/City Center station options would both provide good 
connectivity with BART and would have similar potential for environmental issues.  Although the 12th 
Street/City Center option is in the heart of downtown Oakland, it would have more construction and 
right-of-way issues.  The MTC favors the West Oakland option, but supports continuing to investigate 
both station sites, while the City of Oakland believes both should be further investigated.  Both the West 
Oakland and the 12th Street/City Center sites are preferred for future study as potential locations for a 
terminus station in Oakland because there is not enough information to differentiate between these two 
remaining station options.  

• Oakland Airport Connector Station: Coliseum BART Station  
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Analysis: 
 
A multi-modal station (BART/Capitols/HST) at the Coliseum BART station, which is located about two 
miles from the Oakland Airport passenger facilities, could connect the proposed HST system to Oakland 
Airport.  This potential station would be about 7-miles south of downtown Oakland.  The Coliseum BART 
HST station is preferred in support of the HST project objective to connect to major airports. 
 
• Southern Alameda County Station:  Union City  

 
Analysis: 
 

 

The Union City station location is the preferred HST station to serve Southern Alameda County.  The 
multi-modal Union City station site offers a high level of connectivity with connections to BART, the 
Capitol Corridor, and AC Transit and could connect to the Altamont Commuter Express service.  It would 
have low potential for environmental impacts, whereas the Auto Mall Parkway site is adjacent to the Don 
Edwards Wildlife Refuge.  The Union City station site is supported by the City of Union City.  Comments 
received by Bay Area Rapid Transit (BART) recommend a potential HST station be considered at Warm 
Springs (while accurately considering the planned BART Warm Springs Extension).  The Authority would 
coordinate future studies of this potential station with planned BART improvements at Warm Springs.   
 
• Downtown San Jose Terminus: Diridon Station 

 
Analysis: 

Diridon Station is the preferred HST station for downtown San Jose and the Southern Bay Area, serving 
Caltrain, ACE Commuter Rail, the Capitol Corridor, Amtrak long distance services, VTA buses and light 
rail, and a possible future link to BART (from Fremont).  Diridon station is a multi-modal hub that 
maximizes connectivity to downtown San Jose and the southern Bay Area, and would have high ridership 
potential.  The Authority identifies the Diridon Station as the preferred HST station option for San Jose 
and the southern Bay Area.  Diridon Station is favored by the City of San Jose and the Valley 
Transportation Authority (VTA).   
 
6A.2.3 San Jose to Merced:  Northern Mountain Crossing 

 
Preferred Alignment (Corridor):  A broad corridor is preferred containing a number of feasible route 
options.  This broad corridor is generally bounded by (and includes) the Pacheco Pass (SR-152) Corridor 
to the south, the Altamont Pass (I-580) Corridor to the north, the BNSF Corridor to the east, and the 
Caltrain Corridor to the west.  The Authority would not pursue alignment options through Henry Coe 
State Park, and station options at Los Banos in future studies. 

Analysis: 
 
The Authority and the FRA, have determined that the available information supports identifying a broad 
corridor containing multiple route options and providing for further study.  The San Jose to Merced 
segment involves the crossing of the Diablo Range Mountains that separate the Central Valley from the 
San Francisco Bay Area.  This is one of the most difficult geographic features encountered by the 
proposed HST system and is an area of controversy.  Future studies, including a next-tier EIR/EIS, will be 
needed in order to identify a single preferred alignment option between the Central Valley and the San 
Francisco Bay Area.  The FRA consulted with CEQ, and CEQ concurred that the proposed approach would 
be consistent with NEPA and would provide for compliance with Section 404 of the Clean Water Act. 
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Many comments have been received urging further evaluation of the Altamont Pass as a potential 
alignment option.  Federal agency comments and others have noted the limitations of available 
environmental resource information regarding the Diablo Range mountain crossing.  In addition, 
comments have been received indicating that other undeveloped areas in the northern mountain crossing 
outside the current boundaries of Henry Coe State Park contain sensitive environmental resources.  The 
Authority identifies a broad corridor between the Bay Area to Merced as preferred, that would be 
bounded generally by (and include) the Pacheco Pass Corridor (SR-152) to the south, the Altamont Pass 
Corridor (I-580) to the north, the BNSF Corridor to the east, and the Caltrain Corridor to the west4 (see 
Figure 6.2-3a).5   

Many comments have also been received opposing potential HST alignments through (or under) Henry 
Coe State Park (which includes the Orestimba State Wilderness Preserve).  The Authority has determined 
that alignment options through Henry Coe State Park should not be pursued in any subsequent 
environmental analysis.    

HST alignments through Henry Coe State Park would have greater potential environmental impacts than 
alignment options through the Diablo Range that would avoid the park to the north (see summary table 
Section 6.2.1C).  Alignments through Henry Coe State Park would have the highest impacts to Section 
4(f) and 6(f) Resources (both long-term and construction impacts).  In addition, the considerable amount 
of public and agency input in regards to these alignment options has been overwhelmingly opposed to 
any construction through Henry Coe State Park. 

The Authority also has determined that the Pacheco Pass alignment HST station at Los Banos (Western 
Merced County) should not be pursued in subsequent environmental reviews because of low intercity 
ridership projections for this site, limited connectivity and accessibility, and potential impacts to water 
resources and threatened and endangered species.  Although the City of Los Banos supports the Pacheco 
Pass alignment with a potential station at Los Banos, considerable public and agency opposition has been 
expressed about a potential Los Banos HST station because of its perceived potential to result in growth 
related impacts.  This station option (as well as the Visalia/Hanford option) has low ridership potential 
compared to other potential station locations investigated by the Authority.  In 2020, this station is 
forecast to serve a population of only about 88,000 (forecast to only have between 155,000 and 190,000 
annual total intercity boardings and alightings by 2020).  Excluding this station is expected to slightly 
reduce the capital costs of the HST system and reduce potential environmental impacts at Los Banos.  

                                                
4 The highways (SR 152 and I-580) are provided only as a point of reference for the convenience of the reader; the precise highway alignments are not 

limitations on the area to be considered in future studies. 

 

5 The Altamont Pass alignment option was recommended to be eliminated from further investigation in the Authority’s and FRA’s Draft Program EIR/EIS (see 

Section 2.6.8).  However, as a result of agency and public comments received on the Draft Program EIR/EIS, it was determined that the Altamont Pass should be 

included as part of the broad corridor identified as the preferred HST option for the Northern Mountain Crossing.  
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Response to Comments of Lee Duboc, Mayor, City of Menlo Park, August 27, 2004 (Letter AL051) 

AL051-1 
The Authority acknowledges the City’s concerns.  Subsequent project 
level engineering will define the alignment (horizontal and vertical), 
right of way, power supply systems, and associated facilities to the 
extent necessary for identification of specific noise, visual, economic, 
traffic, and other environmental impacts and mitigations.  The level 
of information provided in the Final Program EIR/EIS is both 
adequate and appropriate for a program-level EIR/EIS document 
(please see Section 1.1 of the Final Program EIR/EIS regarding a 
“program-level” document).  Please also see standard response 
3.15.13.  Additional “photo-simulated” views and impacts on trees 
are beyond the scope of this program EIR/EIS.  Should the HST 
proposal move forward, visual simulations would be created and 
impacts on trees would be quantified as part of project-specific 
studies.  The HST system would be fully grade separated and would 
require complete grade separation of portion of the Caltrain right-of-
way utilized by the HST system.   

AL051-2 
Detailed environmental review at the project level (full disclosure of 
site-specific impacts) is required prior to final design and 
construction of any portion of the proposed system, regardless of 
the availability of project funding.  It is both adequate and 
appropriate for a decision to move forward with the HST system to 
be based on a program-level document.  The submittal of a proposal 
to a vote of the people of the State is exempt from CEQA (CEQA 
Guidelines Section 15378 (b)(3)). 

AL051-3 
Acknowledged.  Issues related to the financing of the proposed HST 
system are beyond the scope of the program EIR/EIS.  The bond 
funding noted in the comment was proposed in legislation, not by 
the Authority.  Legislative proposals are exempt from CEQA (CEQA 
Guidelines Section 15378 (b)(1). 

AL051-4 
Acknowledged.  See Standard Response 6.3.1. 
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Response to Comments Bay Area Open Space Council, et al., August 31, 2004 (Letter O049) 

O049-1 
Please see standard response 3.15.2 and standard response 3.15.13 
regarding the general level of detail in this Program EIR/EIS and the 
anticipated more detailed project-level, Tier 2 studies.  Please see 
response to Comment O042-1 for more information on the purpose 
of the Program EIR/EIS and the subsequent studies.  The co-lead 
agencies believe that the Program EIR/EIS contains sufficient 
information and analyses for the decisions made as part of this 
document.  Please see response to Comment O064-08 in regards to 
suitable mitigation measures.  In addition, further clarification and 
description of the design features of the proposed project and 
further discussion of proposed mitigation strategies have been added 
to the Final Program EIR/EIS in Chapter 3.  Please see Chapter 6A 
and the Summary of the Final Program EIR/EIS in regards to the 
preferred HST alignment and station locations.   

Please refer to standard response 3.15.13 in regards to the level of 
detail of the Program EIR/EIS process and Section 1.1 of the Final 
Program EIR/EIS document.  The mitigation strategies described in 
the Final Program EIR/EIS represent mitigation menus for decision-
makers to consider.  Commitments to specific mitigation measure 
will come in decisions on the program document and in the future, 
more specifically as part the decisions on project-level documents, 
should the HST proposal move forward. 

O049-2 
The co-lead agencies believe the Final Program EIR/EIS meets the 
requirements of both CEQA and NEPA, including the Summary 
section.  Conclusions regarding significance of impacts before and 
after mitigation are presented in Section 7, “Unavoidable Adverse 
Environmental Impacts”.  Tables describing the HST alignment and 
station choices are included as Section 6, “High-Speed Train 
Alignment Options Comparison”.  This section is a “summary 
chapter”, which presents in table format a summary of the data 

presented in Chapter 3 and in the supporting technical documents so 
that alignment and station comparisons can be made between the 
various HST design options.  Given that the HST Alternative is over 
700-miles long and that thousands of miles of alignment options 
have been investigated, it is not practical to place all the information 
suggested by your comments into a single “summary chapter”.  
Section 6 is over 100 pages in length (not including the many pages 
of figures).  The preferred HST alignments and potential station 
locations and the rationale behind their identification are presented 
in Chapter 6A of the Final Program EIR/EIS document. 

O049-3 
Section 2.6 of the Program EIR/EIS describes the No Project, HST, 
and Modal alternatives.  The description of the HST Alternative 
includes key engineering and operations aspects and references 
additional technical documents.  For the Final Program EIR/EIS, 
Section 3.18 has been added which includes a description of 
construction practices and discussion relating to potential 
construction related impacts.  Potentially significant environmental 
impacts are addressed in Chapter 7.  Chapter 3 summarizes the 
potential environmental impacts of the No Project, HST and Modal 
Alternatives.  The co-lead agencies believe that the Final EIR/EIS 
presents sufficient information to accurately and thoroughly describe 
the proposed project and actions.  However, it is neither necessary 
nor practical to include all the technical information related to the 
Final EIR/EIS (about 100 supporting technical reports) in the Final 
EIR/EIS.  Please also see standard response 10.1.1 in regards to the 
availability of the supporting technical documents.  Please also see 
response to Comment O043-1 and O043-2.  Please see Chapter 12 
of the Final Program EIR/EIS for a complete list of references 
including supporting technical reports.     

O049-4 
Please see response to Comment O043-3. 
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O049-5 
Please see response to Comment O043-3.  The co-lead agencies 
believe that the HST Operations description is appropriate for a 
program level document.  Should the HST proposal move forward, 
more detailed operational analysis will be required as part of future 
project-specific studies.  Please also see standard response 2.7.2 and 
standard response 2.7.3. 

O049-6 
The co-lead agencies disagree with your assessment.  Please see 
standard response 3.15.2 and standard response 3.15.13 regarding 
the general level of detail in this Program EIR/EIS and the 
anticipated more detailed project-level, Tier 2 studies.  Please see 
response to Comment O042-1 for more information on the purpose 
of the Program EIREIS and the subsequent studies.  The expected 
scale of stations and general footprint needs are described in the 
“Engineering Criteria” and “Alignment Configuration and Cross 
Sections” technical reports (January, 2004) and are reference in 
Section 2.7.3 of the Final Program EIR/EIS.  The analysis on public 
utilities (like the analysis for the resource topics) was done at a 
program level of detail.  Further analysis of local traffic impacts and 
connecting transit services will be preformed in project-level 
environmental reviews when additional details of facilities and design 
and location will be known.   A further evaluation of “project-related 
public service facilities” is beyond the scope of this program EIR/EIS 
process.  Should the HST proposal move forward, more detailed 
project-level studies will be required.   

O049-7 
The engineering aspects of HST and the other alternatives are 
described at a conceptual level of detail (see Section 2.6 of the Final 
Program EIR/EIS).  Describing “all engineering aspects of HST and 
the other alternatives” is beyond the scope of this program EIR/EIS 
process.  The co-lead agencies believe that sufficient information has 
been provided in the Final EIR/EIS regarding to the advantages of 
the HST over the other alternatives (please see the Summary of the 

Program EIR/EIS).  A footnote has been added to the Final Program 
EIR/EIS documenting an appropriate source for the claim that HST 
would generate less runoff and has more infiltration potential than 
the Modal Alternative (See Section 3.15.3).  Information from your 
comments (Attachment C) have been added to the Final Program 
EIR/EIS discussing the advantages of railway corridors over 
highways (from DeSanto and Smith 1993).  

O049-8 
The co-lead agencies believe that the Program EIR/EIS document 
fully meets the requirements of CEQA and NEPA for a program level 
document.  The estimated costs for the HST Alternative and Modal 
Alternative are summarized in Section 4 of the Program EIR/EIS.  
Detailed cost-benefit analyses which were prepared as part of the 
Commission’s and the Authority’s feasibility studies were referenced 
in this program process (see Section 2.3).  The preparation of a 
financing plan for the proposed HST system is not required for CEQA 
and NEPA compliance and is beyond the scope of this program 
EIR/EIS. 

O049-9 
Please see standard response 10.1.7.  While the Commission 
discussed several phasing concepts, it made no preference or 
recommendation regarding the phasing of a statewide HST system.  
However, the Commission did determine that the links to 
Sacramento and San Diego were “vital to the feasibility of the 
project” (High-Speed Rail Summary Report and Action Plan, 
December 1996, page 8-28).  Please also see standard response 
2.13.1. 

The co-lead agencies disagree with your conclusions.  In the Draft 
Program EIR/EIS the co-lead agencies identified the HST Alternative 
as the preferred alternative based on a range of potential impacts 
derived from the various design options which were compared to the 
No Project and Modal alternatives.  Based upon the information 
presented in the Draft Program EIR/EIS and comments received 
from agencies, organizations and the public the Authority identified a 
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preferred alignment and station locations which has been added to 
the Final Program EIR/EIS.  The co-lead agencies believe that 
process that has been followed fully meets the requirements of 
CEQA and NEPA. 

Please see standard response 6.3.1 in regards to the Bay Area to 
Central Valley portion of the HST Alternative.  

O049-10 
Please see response to Comment O049-1 and response to Comment 
O049-2. 

O049-11 
In the Final Program EIR/EIS, each environmental area (sections of 
Chapter 3) has been modified to include specific mitigation strategies 
that would be applied in general for the HST system.  Each section 
of Chapter 3 also outlines specific design features that will be applied 
to the implementation of the HST system to avoid, minimize, and 
mitigate potential impacts.    At this level of design it is premature to 
develop more specific mitigation measures for specific potential 
effects.  Only once there is a more detailed analysis of the alignment 
and avoidance and minimization efforts have been exhausted, will 
specific mitigation be addressed.  Also see comment O029-4 
regarding the further examination of alignment options. 

Because the proposed HST system would not be operational until the 
year 2020, the affected environment discussions describe both the 
existing conditions as of 2003 and, where appropriate and not overly 
speculative, the anticipated 2020 conditions that would pertain when 
the project becomes operational.  For disciplines where projections 
of future changes in existing conditions would be overly speculative, 
the existing 2003 conditions were used as a proxy for the 2020 
conditions.  For some disciplines—such as transportation, energy, air 
quality, and land use—future conditions are routinely projected in 
adopted regional or local planning documents or are forecast by 
public agencies.  In these cases, the existing conditions and the 
projected 2020 conditions were used as the basis for impact 
analysis.  The technical studies prepared for each region and 

addressing each resource area provided key information for the 
preparation of the affected environment discussions. 

The environmental consequences discussions describe the potential 
environmental impacts (both adverse and beneficial) of the Modal 
and HST Alternatives in comparison to the No Project Alternative and 
compared to each other.  Each discussion begins by comparing 
existing conditions with 2020 No Project conditions to describe the 
consequences of No Project and how environmental conditions are 
expected to change during the timeframe required to bring the 
proposed HST system online.  As described above, existing (2003) 
conditions were used as a proxy for 2020 No Project conditions 
where 2020 baseline information was unavailable, could not be 
projected, or would be overly speculative.  Using 2020 No Project 
conditions as a basis for comparison, the analysis of impacts then 
addresses direct and indirect impacts for the proposed HST and 
Modal Alternatives, as well as potential cumulative impacts.  

O049-12 
Program EIR/EIS the traffic analysis has been completed at a 
regional level of detail based on regional modeling data.  Should the 
HST program move forward detailed intersection level traffic analysis 
will be required as part of subsequent project specific analysis.  
Should the HST proposal move forward, the Authority and the FRA 
will work closely with the local governments (cities) and other 
stakeholders involved to ensure that adequate access improvements 
are identified to minimize and mitigate potential traffic impacts. 
Detailed traffic studies are not appropriate until more specificity is 
defined for proposed stations in terms of location and design during 
the subsequent project level studies.    

In the Final Program EIR/EIS, each environmental area (sections of 
Chapter 3) has been modified to include mitigation strategies that 
would be applied in general for the HST system.  Each section of 
Chapter 3 also outlines specific design features that will be applied to 
the implementation of the HST system to avoid, minimize, and 
mitigate potential impacts.  Specific impacts and mitigations will be 
addressed during subsequent project level environmental review, 
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based on more precise information regarding location and design of 
the facilities proposed. The detail of engineering associated with the 
project level environmental analysis will allow the Authority to 
further investigate ways to avoid, minimize and mitigate potential 
impacts.  Only after the alignment is refined and the facilities are 
fully defined through project level analysis, and avoidance and 
minimization efforts have been exhausted, will specific impacts and 
mitigation measures be addressed. 

Please see comment O049-11, above, regarding the comparison of 
existing and future conditions. 

O049-13 
The detailed information necessary to conduct a quantitative 
construction phase analysis is not available at this stage of the 
project.  Information such as the years of construction operations at 
each analysis site, the types of equipment and hours of equipment 
operating at each site, the location of this equipment relative to 
nearby sensitive land uses, the number of trucks entering, leaving, 
and idling near site, the mitigation measures that may be required or 
proposed for this project, etc. has not be specified with enough 
detail to conduct a quantitative analysis. 

Section 3.18 of the Final Program EIR/EIS addresses construction 
methods and the potential for construction impacts in general.  In 
addition, each section of Chapter 3 also outlines specific design 
features that will be applied to the implementation of the HST 
system to avoid, minimize, and mitigate potential impacts.  However, 
construction impacts are highly site-specific in nature.  Construction 
impacts will be addressed in detail during subsequent project level 
environmental review, based on more precise information regarding 
location and design of the facilities proposed and the phasing or 
sequencing of construction. The detail of engineering associated with 
the project level environmental analysis will allow the Authority to 
further investigate ways to avoid, minimize and mitigate potential 
impacts.   

Section 3.3 of the Final Program EIR/EIS primarily addresses the 
potential impacts to air quality at a regional level.  However, Section 
3.3.1.D describes the methodology applied to assess localized 
impacts at this program level of analysis.  Section 3.3.3 generally 
addresses impacts in each region of study.  More detailed traffic 
analysis (see Response O049-12 above) completed at the project 
level of analysis will be necessary to support potential localized air 
quality impacts. 

In the Final Program EIR/EIS, each environmental area (sections of 
Chapter 3) has been modified to include mitigation strategies that 
would be applied in general for the HST system.  Each section of 
Chapter 3 also outlines specific design features that will be applied to 
the implementation of the HST system to avoid, minimize, and 
mitigate potential impacts.  Specific impacts and mitigations will be 
addressed during subsequent project level environmental review, 
based on more precise information regarding location and design of 
the facilities proposed. 

O049-14 
The co-lead agencies disagree with your assessment.  The Program 
EIR/EIS calculates both direct (Section 3.8) and indirect impacts to 
farmlands (Section 5).  Severance impacts are discussed qualitatively 
in Section 3.8 but cannot be quantified at a program level of detail.  
Should the HST proposal move forward, more detailed project 
specific study will be required.  Please see responses to Comment 
Letter O047 from the “American Farmland Trust”.  Please see 
response to Comment O064-08 in regards to suitable mitigation 
measures and additional information in Section 3.8.6 of the Final 
Program EIR/EIS.     

O049-15 
Section 3 of the PEIR/S programmatically evaluates the potential for 
direct and indirect impacts from the No Project, HST and Modal 
Alternative.  Please see standard response 3.15.2 and standard 
response 3.15.13 regarding the level of analysis and the intended 
uses of the PEIR/s.   Please also see responses to Comments O034 
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from the Defenders of Wildlife.  Please see responses to Comments 
AS004 – 45 regarding the addition of a construction section and 
response to Comment AS004 – 46 regarding the addition of a 
discussion of HST support facilities to the PEIR/S.  Please see 
standard response 3.15.7 and response to Comment O034 – 15 
regarding the widths of the evaluation corridors – the evaluation 
“envelopes.”  Please see standard response 3.15.10 regarding 
consideration of habitat conservation plans, natural community 
conservation plans (NCCP), and other approved local, regional, or 
state habitat conservation plans.  Please see responses to Comments 
AF007 – 5, and AL072 – 8 and standard responses 3.15.7, and 
3.15.11 regarding impacts to wetlands.  Please see standard 
responses 3.15.2, 3.15.3, 3.15.4, 3.15.9, and 3.15.11 and response 
to Comments AS004 – 46, 47, 48, 49, & 51, AS012 – 7, 8, 9, 12, and 
17, and O034 – 3 & 4 regarding impacts to wildlife and wildlife 
corridors and habitat fragmentation.  Please see response to 
Comment AS004 – 50 regarding privately owned conservation lands.  
Please see response to Comment AS004 – 49 regarding EMF/EMI 
levels associated with the HST Alternative.  Please see response 
AF009 – 26 regarding threatened vs. endangered species.  Please 
see response to Comments AL072 regarding impacts to the 
Grassland Ecological Areas.  Please see standard response 3.15.7 
regarding the future evaluation that will be undertaken for the 
Corridor from the Central Valley to the Bay Area, including a review 
of Altamont Pass.  Please note that the Authority has dropped the 
previously proposed Los Banos HST Station from further 
consideration.  See also additional discussions of potential mitigation 
strategies in Chapter 3 of the Final Program EIR/EIS.   

O049-16 
Please see responses to Comments AL063 – 1 and 14 regarding 
consistency with local and regional plans.  The HST Alternative 
description has been expanded – please see Section 2.6 of the Final 
PEIR/S.  Please see response to O044 – 18 regarding environmental 
justice.  Please see response to Comment O015 – 4 regarding the 
land use impact evaluation envelope.  Please note that the Authority 
has dropped future consideration of the HST alignments through and 

under Henry Coe State Park and the Orestimaba State Wilderness.  
Please see standard response 6.3.1.  Please see standard response 
3.15.2 and standard response 3.15.13 regarding the level of analysis 
and the intended uses of the PEIR/s.   

Please see standard response 5.2.1 in regards to potential growth 
inducement.  Analysis for “Land Use Planning, Communities and 
Neighborhoods, Property, and Environmental Justice” is summarized 
in Section 3.7 of the Program EIR/EIS.  Section 3.7.3 “Environmental 
Consequences” describes the potential impacts of the HST and 
Modal Alternatives.  Section 3.7.4 “Comparison of Alternatives by 
Region” provides more detailed comparisons for each region of 
potential land use impacts.  Section 3.7.5 presents mitigation 
strategies for potential land use impacts.  The findings of Section 3.7 
are summarized in Chapter 7.  The use of design practices and 
commitments to mitigation strategies as part of the decision on the 
Final Program EIR/EIS are expected to substantially mitigate most 
potential adverse impacts of the proposed HST system.  However, 
demonstrating specific significant land use impacts and how 
mitigation measures would be applied to reduce these to less than 
significant is beyond the scope of this program EIR/EIS process and 
must be included in project-level analyses when more detailed 
information on specific alignment locations and design options will 
be available.   Should the HST proposal move forward, more detailed 
project specific studies will be required. 

O049-17 
Please see standard response 5.2.1 and 5.2.5. 

O049-18 
Please see standard response 3.15.13.  The Co-lead agencies 
acknowledge the importance of detailed comments regarding 
hydrology and water resources that are embodied in this comment.  
These issues will be addressed in the subsequent studies and 
project-level, Tier 2 studies for the selected HST alignment and 
station options.  The Co-lead agencies believe that the level of 
analysis presented in the PEIR/S is sufficient to support a decision 
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regarding whether to advance the statewide high speed train 
network and to eliminate some alignment options from further 
consideration and identify preferred corridor alignment options.  The 
Co-lead agencies acknowledge that information on the subjects 
described in this comment must be addressed in the analyses of 
alignment and station options that will be prepared in subsequent 
studies and the project-level, Tier 2 evaluations.  The Co-lead 
agencies recognize the importance of the issues raised in this 
comment (and many others) requesting more detailed analysis, but 
believe that using the two step analysis process (outlined in standard 
response 3.15.13) is a reasonable, appropriate, and practical way to 
evaluate such a large and extensive project as a statewide high 
speed train network.  Therefore, the Co-lead agencies acknowledge 
that the conceptual nature of the Alternatives makes it impossible to 
fully evaluate the potential for impacts on hydrology and water 
resources, but are satisfied that the PEIR/S provides enough 
information to make a decision about whether to advance the HST 
alternative and identification of preferred alignment and station 
options. While detailed environmental setting information will be 
necessary as part of the project-level environmental analysis, the Co-
lead agencies are confident that the PEIR/S provides enough 
information to confirm that, all other things being equal, the 
proposed HST alignment would have fewer impacts on hydrology 
and water resources than the Modal Alternative consisting of 
highway and airport expansions. Mitigation measures can only be 
appropriately defined as part of the more detailed project-level 
design and environmental process. 

O049-19 
Please see response to Comment O064-07.  Please also see 
response to Comment O064-08 in regards to suitable mitigation 
measures.  Please also see Section 3.18 for a discussion of potential 
construction related impacts and Chapter 3 for “design practices” 
commitments. 

O049-20 
The public utilities impact analysis is programmatic and addresses 
only representative utilities; it does not address all utilities and does 
not address local details.  Project-level analysis would address all 
utilities and local issues once the alignments and profiles, and facility 
designs are more defined.  The detail of engineering associated with 
the project level environmental analysis will allow the Authority to 
further investigate ways to avoid, minimize and mitigate potential 
impacts.  Should the HST proposal move forward, the Authority and 
the FRA will work closely with the local governments (cities) and 
others to avoid, minimize, and mitigate, where necessary, taking all 
necessary steps to ensure that there will be no disruption to service 
through thoughtful design and best construction practices.  

Each section of Chapter 3 also outlines specific design features that 
will be applied to the implementation of the HST system to avoid, 
minimize, and mitigate potential impacts.  Specific impacts and 
mitigations will be addressed during subsequent project level 
environmental review, based on more precise information regarding 
location and design of the facilities proposed. 

Greater specificity in alignment location and profile, station designs, 
system access, operating plans, and control systems is also required 
to address the potential impacts on specific public services.  These 
issues will be addressed during subsequent project level 
environmental review, based on more precise information regarding 
location and design of the facilities proposed (e.g., elevated, at-
grade, access locations, station design features, fencing type and 
location, etc.). The detail of engineering associated with the project 
level environmental analysis will allow the Authority to identify 
system requirements and further investigate ways to avoid, minimize 
and mitigate potential affects.   

O049-21 
Section 3.16: Section 4(f) and 6(f) Resources has been renamed in 
the Final Program EIR/EIS to “Section 4(f) and 6(f) Resources (Public 
Parks and Recreation, Waterfowl Refuges and Historic Sites).”  
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It is important to note that all of the impacts associated with the 
HST and Modal Alternatives are potential impacts. The Authority 
screened a large number of different alignment options and 
alignment combinations throughout the state to develop the HST 
Alternative analyzed in the Final Program EIR/EIS.  A key objective 
for the HST system is to avoid and/or minimize the potential impacts 
to cultural, park, recreational and wildlife refuges.  This objective, 
along with others, was used to eliminate several alignment options 
that would have potentially affected 4(f) and 6(f) resources. 

If a 4(f) or 6(f) resource is ranked as “high” that indicates that the 
HST or Modal centerline is within 150 feet of a 4(f) or 6(f) resource.  
However, given the conceptual level of engineering performed for 
this programmatic environmental document it is premature and 
would be speculative to estimate specific physical impacts based 
upon the location alignment options and their relationship to 4(f) 
and 6(f) resources in the program-level analyses.  The more detailed 
engineering associated with the project level environmental analysis 
will include further investigation of ways to avoid, minimize and 
mitigate potential use of 4(f) and 6(f) resources, findings regarding 
impacts to 4(f) and 6(f) resources would be made during project-
level studies when impacts from more specific alignment locations 
would be assessed.     

A table identifying each potentially affected resource and the nature 
of potential impact in terms of its relative proximity to the proposed 
facilities for both the Modal and HST Alternatives is provided in the 
Final Program EIR/EIS (Appendix 3.16-A).   

Please see response to Comment AS004-1 and response to 
Comment O051-1. 

In the Final Program EIR/EIS, each environmental section of Chapter 
3 has been modified to include more specific mitigation strategies 
that would be applied in general for the HST system and “design 
practices” commitments.  Each section of Chapter 3 also outlines 
specific design features that will be applied to project level studies 
and the implementation of the HST system to avoid, minimize, and 
mitigate potential impacts.  Once alignments are refined through 

project-level analysis and after avoidance and minimization efforts 
have been exhausted, specific mitigation will be addressed.   

O049-22 
Please see standard response 3.17.1. 

O049-23 
Please see response to Comment O064-08 in regards to suitable 
mitigation measures.  Please see Section 5, “Economic Growth and 
Related Impacts” in regards to potential growth inducement as a 
result of the HST and Modal alternatives.  Please also see 
information added to the Final Program EIR/EIS in Chapter 3 on 
mitigation strategies and design practices, and Chapter 6B in regards 
to transit-oriented development measures. 

The total cost of environmental mitigation was estimated to be 3% 
of the line construction costs (i.e., track, earthwork, structures, etc.) 
for each segment, based on other recently implemented 
transportation corridors in California.  This cost is intended to 
represent the total cost associated with potential mitigation of 
environmental impacts such as impacts to wetlands, parkland, 
biological resources, and wildlife habitat.  Noise mitigation with 
sound walls and right-of-way impact and relocation mitigation are 
estimated separately and thus not included in the 3% estimate.  This 
factor is based on the average to estimate a total cost of mitigation 
across a system.    While it does not account for potential differences 
between alignment options or variations along segments, it provides 
an overall estimate of mitigation costs consistent with other projects 
of this magnitude. 

O049-24 
The co-lead agencies believe the Final Program EIR/EIS document 
meets the requirements of CEQA and NEPA.  Please see standard 
response 6.3.1.  Please also see Chapter 2 of the Final Program 
EIR/EIS for a discussion of the process for identifying the 
alternatives to be addressed.  The USACE and the USEPA have 
concurred in the identification of alternatives for analyses and all the 
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cooperating agencies concurred with Chapter 1, the purpose and 
need statement for the Final Program EIR/EIS. 
 

O049-25 
Please see standard response 2.18.1 and response to Comment 
O049-24. 

O049-26 
Please see standard response 2.18.1.  Please also see response to 
Comment O067-23. 

O049-27 
Please see response to Comment O049-24, the Co-lead agencies 
respectfully disagree with your assessment of the Program EIR/EIS 
and the need for recirculation.  Individuals, organizations, agencies 
and others that have submitted comments on the Draft Program 
EIR/EIS as legible addresses will receive an electronic copy of the 
Final Program EIR/EIS.  Eddy Moore and Terrell Watt will be included 
on the Authority’s mailing list. 

Attachment A & B 
Please see standard response 2.18.1 in regards to the Altamont 
Pass.  Please see response to Comment O067-21 in regards to the 
ridership analysis done in support of the Authority’s June 2000 
Business Plan.  Please see response to Comment O049-9 in regards 
to the phasing of the HST Alternative. 

 The co-lead agencies determined that the ridership and revenue 
forecasts done for the June 2000 Business Plan were appropriate for 
use in the Program EIR/EIS process.  Please see standard response 
2.1.1 and standard response 2.1.2 in regards to the ridership 
forecasts.  Additional forecasts for design options that were not part 
of the Business Plan analysis were done by Charles River Associates 
using the same models used for the Business Plan (such as for the 
“Diablo Direct” route options) and the results summarized in the 

Program EIR/EIS.  Detailed results of the “Diablo Direct” forecasts 
were provided by the Authority on request.  The co-lead agencies 
agree that Sacramento to the Bay Area is an important intercity 
travel market and this market is included as part of the HST 
Alternative.  The catchment areas listed were for the purposes as 
outlined for the screening evaluation.  These calculations were not 
used to develop ridership and revenue forecasts.  The ordering of 
the objectives listed in Table 2.6-5 were not intended to represent 
an hierarchy of importance for the objectives as your comment 
implies (while maximizing ridership is listed first in this table, it was 
listed as on page 2-42 of the Draft EIR/EIS).  For the multitude of 
options analyzed in screening, at a program level of detail it was not 
practical to do detailed ridership and revenue forecasts for every 
potential HST design option considered.  The co-lead agencies 
determined to quantify travel time and population and employment 
within a reasonable catchment area in order to indicate the potential 
ridership and attractiveness of alignment and station options.  Please 
see the “Alignment/Station Screening Methodology” (Authority/FRA, 
May 16, 2001) technical report for more details. 

Please see information in the Final Program EIR/EIS regarding 
mitigation strategies and design practices (Chapter 3), construction 
methods (Section 3.18), and transit-oriented development measures 
(Chapter 6B).   

Attachment C 
Please see response to Comment O049-15. 

Attachment D 
Please see response to Comment O049-19. 

Attachment E 
Acknowledged. 

Attachment F 

Acknowledged. 
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Comment Letter O050 
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Comment Letter O050 Continued 
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Response to Comments of Margaret Okuzumi, Executive Director, Bay Rail Alliance, August 31, 2004 (Letter O050) 

O050-1 
Please see standard response 2.18.1. 
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Comment Letter O068 
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Response to Comments of David Schonbrunn, President, Transportation Solutions Defense and Education Fund, 
August 31, 2004 (Letter O068) 

O068-01 
See standard response 2.18.1 and 6.3.1. 
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Comment Letter O069 
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Comment Letter O069 Continued 
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Comment Letter O069 Continued 
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Comment Letter O069 Continued 
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Comment Letter O069 Continued 
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Comment Letter O069 Continued 
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Response to Comments of Stuart M. Flashman, Attorney, Train Riders’ Association and California Rail Foundation, 
August 31, 2004 (Letter O069) 

O069-01 
Please see responses to Comments O069-2 through O069-20. 

O069-02 
Please see standard response 2.18.1.  The Program EIR/EIS 
appropriately recognizes, describes, and references the 
Commission’s studies (see Section 2.3.1).  Please see response to 
Comment AS004-8 (State Parks) regarding the need for HST to be at 
the centers of the cities.  The co-lead agencies are unaware of any 
HST system anywhere in the world (including the NorthEast Corridor 
in the U.S.) that has been implemented that is similar to the network 
described by State Parks.  The Program EIR/EIS does evaluate and 
weigh the benefits of potential HST station sites at “central cities” 
versus “outlying” stations to serve the Central Valley population.  
Many of the “outlying” sites in the Central Valley were eliminated as 
part screening for the Program EIR/EIS, due to their higher potential 
for adverse environmental impacts (please see standard response 
2.25.1).  Please also refer to standard response 2.1.12 in regards to 
the identification of preferred station locations.  The purpose and 
need statement complies with NEPA and CEQA requirements.      

O069-03 
Please see standard response 10.1.7.  While the Commission 
discussed several phasing concepts, it made no preference or 
recommendation regarding the phasing of a statewide HST system.  
However, the Commission did determine that the links to 
Sacramento and San Diego were “vital to the feasibility of the 
project” (High-Speed Rail Summary Report and Action Plan, 
December 1996, page 8-28).  Please also see standard response 
2.13.1.  The development of a financing plan for the HST Alternative 
is beyond the scope of this program EIR/EIS process.  Please see 
standard response 2.18.1 in regards to further investigation of the 
Altamont Pass.  The ridership and revenue forecasts and the HST 

Alternative did not assume expansion of the local transit services 
beyond the level of the No Project Alternative.  Please see standard 
response 1.1.5 in regards to the role of the Authority and the 
implementation of public transit systems.  Please see Section 3.1 of 
the Program EIR/EIS “Traffic and Circulation” for the summary of the 
traffic and transit impacts done for this program EIR/EIS process.  
Please see Section 2 for a summary of the system alternatives which 
includes discussion of the formulation of the alternatives and the 
alternatives considered and rejected.  Contrary to your comments, 
the Program EIR/EIS states that it is not assumed that the HST 
proposal would negate the potential need to expand airports and 
highways (Section 2.5.2).  The co-lead agencies did consider, but 
rejected including conventional rail improvements as part of the 
Modal Alternative, please refer to Section 2.5.1C.  The co-lead 
agencies believe that the alternatives analysis in this program 
EIR/EIS fully meets the requirements of CEQA and NEPA.  

O069-04 
Please see standard response 2.18.1. 

O069-05 
Please see standard response 2.25.1.   

O069-06 
Please see standard response 6.15.4.  The Authority has identified 
the BNSF alignment option as the preferred HST alignment between 
Fresno and Bakersfield because it was found to have less cost and 
fewer environmental impacts that the UP alignment option.  Please 
see Section 3.8 for the methods used to calculate potential impacts 
and a summary of the analysis for agricultural lands.  Please see 
standard responses 5.2.1 and 5.2.3 regarding reducing impacts to 
farmlands.  Please see response to Comment O064-08 in regards to 
mitigation measures.    
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O069-07 
Please see Section 3.18 which has been added to the Final Program 
EIR/EIS to further address potential construction related impacts.  
Potential impacts relating to the “division of neighborhoods” and 
“socio-economic effects” are summarized in Section 3.7, “Land Use 
and Planning, Communities and Neighborhood, and Environmental 
Justice” at a program level of detail.  Should the HST proposal move 
forward, more detailed project specific studies will be required.  
Please see Section 5, “Economic Growth and Related Impacts” for a 
summary of the analysis on the potential for HST to “accelerate 
sprawl”.  The Authority has identified the BNSF alignment between 
Stockton and Bakersfield as the preferred HST alignment because it 
minimizes costs and environmental impacts (please see Section 6A of 
the Final Program EIR/EIS).  The identified preferred HST alignment 
for the Central Valley does not include “bypasses” of Fresno, 
Bakersfield, or Merced.  The Program EIR/EIS document clearly 
shows where trains would be operating at “high-speeds” (for 
example, see Figures 4.3-1 and 4.3-2) and describes the 
communities (see Chapter 6).   

Potential noise related impacts are summarized in Section 3.4.  
Determining the “specific dBA of noise impacts” is beyond the scope 
of this program EIR/EIS document.  Please see the methodologies 
for determining potential noise impacts presented in 3.4.1, 
“Regulatory Requirements and Methods of Evaluation”.  Should the 
HST proposal move forward, more detailed project specific analysis 
will be required.  Page 3.4-11 of the Program EIR/EIS references 
Figure 3.4-7 and Figure 3.4-8.  Both of these figures show “a direct 
comparison with trains running at 217 miles per hour” (the 
comparison you highlight from the Program EIR/EIS for HST at 150 
miles per hour, is made in reference to Figure 3.4-7).    The 
comparisons for Figure 3.4-7 are not “misleading”.  The purpose of 
the figure is to give readers an idea of how noisy trains are by 
comparing them to other things that make noise at distances they 
are familiar with (home appliances at 3 feet, speech at 3 feet, motor 
vehicles at 50 feet, jet aircraft at 500 feet, and HST at 100 feet).  
Table 3.4-1 does not claim that the No Project Alternative or the 

Modal Alternative would have less noise impacts than the HST 
Alternative.  Table 3.4-1 does not show potential impacts to the No 
Project Alternative.  As clearly stated in the Program EIR/EIS, “For 
purposes of this analysis, it is assumed that there will be no 
additional noise and vibration impacts associated with the 
development of the No Project as compared to existing conditions” 
(Section 3.4.3A), and “The No Project is used as the basis of 
comparison.  It is assumed that any improvements associated with 
the proposed Modal and HST Alternatives would be in addition to the 
No Project conditions” (Section 3.4.3B).  Table 3.4-1 (“Summary of 
Noise Impact Ratings for Alternatives”) presents numbers for the 
“Length (miles) with Potential Noise Impact Rating” for the Modal 
and HST (a range between the options with the highest ratings and 
options with the lowest ratings) and directs the reader to Appendix 
3.4-B for the rating method.  This table shows that the Modal 
Alternative (which has nearly twice the total miles of length as the 
HST Alternative) would have 210 miles of alignment that resulted in 
a ranking of “high” in regards to “potential noise impacts” as 
opposed to 21-107 miles of alignment that resulted in a ranking of 
“high” for the HST Alternative.   

O069-08 
The comment notes that “none of the alternatives for intra-regional 
travel are taken into account, despite the fact that intra-regional 
travel amounts to a significant portion, and in some cases a majority, 
of modal travel…”.  The inclusion of intra-regional travel modes in 
the alternatives analyzed in the Program EIR/EIS would not be 
appropriate, because they would not meet the purpose and need for 
the proposed HST system.  Please see Section 1 “Purpose and Need” 
for the purpose and objectives of the HST Alternative as defined by 
the co-lead agencies.  The HST system is proposed to primarily serve 
intercity trips (trips between regions) rather than local intra-regional 
trips.  The planning and implementation of public transit systems are 
under the jurisdiction of local and regional agencies which are 
responsible for congestion management programs and land use 
planning, as well as transit planning.  Please also see response to 
Comment O024-31.  The co-lead agencies disagree with your 
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assessment that the Modal Alternative is an unrealistic “straw man”.  
As stated in Section 2.5 of the Program EIR/EIS (“Modal 
Alternative”), the co-lead agencies believe that the Modal Alternative 
represents, “the most reasonable, feasible, and practicable modal 
improvements” that could provide for a similar level of intercity 
travel as the proposed HST system and meet the project purpose 
and need and objectives.  Section 2.5, describes the rationale behind 
the development of the Modal Alternative, the modal alternatives 
considered and rejected and the Modal Alternative carried forward.  
The highway network defined for the No Project and Modal 
Alternatives is comprised of the intercity highway network serving 
the same intercity travel markets as the HST Alternative.  Sections 
2.4 and 2.5 of the Final Program EIR/EIS describe the factors used 
to define the highway network. 

O069-09 
Please see response to Comment AS009-24. 

O069-10 
Please see standard response 3.15.2 regarding the level of detail 
regarding biological impacts and standard response 3.15.13 
regarding the intended uses of this PEIR/S.  Please see response to 
Comment AF007 – 2, and standard responses 3.15.6, 3.15.7, and 
3.15.11 for additional discussion of the LEDPA.  The Co-lead 
agencies believe that the PEIR/S provides sufficient information to 
support decisions about whether or not to advance the proposed 
statewide high speed train system and whether to eliminate some of 
the alignment options and advance others for further analysis.  The 
Co-lead agencies believe that the only way of determining which 
mitigation measures are most effective at reducing impacts is during 
project-level, Tier 2 analyses.  Completion of the PEIR/S will enable 
the Co-lead agencies to study the specific alignments and station 
sites in more detail; however the PEIR/S would not project 
construction or activities causing environmental disturbance in any 
way.  The proper stage for considering specific mitigation measures 
and avoidance alternatives is in the project-level studies.  
Throughout the multi-year process of developing alternative corridor 

alignments for the PEIR/S, the intent has been to carry forward 
those options that are most likely to contain the least 
environmentally damaging practicable alternative (LEDPA).  Please 
see the Summary of the Final Program EIR/EIS (Section S.8) in 
regards to the USEPA’s and USACE’s concurrence that the preferred 
HST alignment and station options are most likely to contain the 
LEDPA.  The nature and large geographic extent of the Project 
precludes total avoidance of jurisdictional resources.  Even at this 
stage, every effort has been made to avoid wetland resources.  
During subsequent project level design and environmental analyses, 
more detailed analyses will be possible, and additional avoidance 
and mitigation techniques can and will be applied.  For example, one 
mitigation strategy identified in the Draft PEIR/S is adjustment of 
alignment plans and profiles within the overall corridor alignment 
option selected in the through the program environmental process to 
achieve additional impact avoidance (please see standard response 
3.15.7) and/or construction of structures above grade or in tunnels 
to avoid impacts. 

O069-11 
The Authority will not pursue HST alignments passing through and 
under Henry Coe State Park and the Orestimba State Wilderness 
(see standard response 6.3.1).  Please see responses to Comments 
AL072 regarding impacts to the Grassland Ecological Area.  Please 
see response to Comment AS004 – 50 regarding privately owned 
conservation lands.  Please see standard response 3.15.7 regarding 
anticipated future studies of the Altamont pass. 

O069-12 
The co-lead agencies respectfully disagree with the commenter’s 
contentions regarding growth.  The HST Alternative is expected to 
result in some increased growth in central cities without or without 
less adverse urbanization of undeveloped land, as compared to the 
other system alternatives considered in the EIR/EIS.  The co-lead 
agencies respectfully disagree with the commenter’s contention that 
the analysis underestimates the level of induced growth from the 
HST Alternative.  The Draft Program EIR/EIS reports that the HST 
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Alternative will potentially induce more population, employment, and 
income growth than the other system alternatives, particularly in the 
Central Valley.  While some individuals, organizations and 
jurisdictions may be “expecting a lot of growth in the Valley”, the 
projected rates of growth inducement reported in Chapter 5 of the 
Draft Program EIR/EIS represents the effect that a $37 billion HST 
system constructed over multiple years will have in a state that had 
a year 2003 gross state product of $1.45 trillion1.  Please see 
standard response 5.2.3 for issues related to the analysis of growth 
inducement and indirect impacts for the Draft Program EIR/EIS.  
Please see standard response 5.2.4 and standard response 5.2.5 for 
issues related to use of HST by long-distance commuters. 

The co-lead agencies respectfully disagree with the commenter’s 
contention that the Draft Program EIR/EIS failed to review the 
potential indirect impacts to farmland and other natural and human 
resources.  Section 5.4.7 of the Draft Program EIR/EIS presented a 
detailed quantitative assessment of potential indirect impacts to 
farmland and agriculture based on urbanization footprint projections 
for each system alternative.  Assessment of indirect impacts in 15 
other resource topics was also conducted and reported in Section 5.4 
of the Draft Program EIR/EIS.  Please also see standard response 
5.2.3 for issues related to water usage and public resources, and 
standard response 5.2.1 for issues related to mitigation of significant 
indirect impacts. 

O069-13 
The co-lead agencies disagree with your assessment.  Please see 
Section 5, “Economic Growth and Related Impact” for a summary of 
the potential impacts related to growth inducement for both the HST 
and Modal alternatives (this Section also includes a sub-Section on 
“Air Quality”, Section 5.4.2).  Please also see Section 3.3 “Air 
Quality”.  The method used to quantify potential localized air quality 

                                                 
1 Source:  United States Department of Commerce, Bureau of Economic 
Analysis.  http://www.bea.doc.gov/bea/newsrel/GSPNewsRelease.htm 
 

impacts is presented in Section 3.3.1D.  Please see standard 
response 2.1.12 in regards to parking at stations and transit oriented 
development. 

O069-14 
Electric Power Demand – The Co-lead agencies do not agree that 
any increase in the use of electric power would necessarily result in 
a significant impact.  The Co-lead agencies acknowledge that 
problems have been experienced in meeting demand for electricity in 
California, but believe that the proper way of addressing potential 
problem of this type is to identify future electrical needs through 
environmental planning studies, such as this one, and provide 
California’s energy providers and regulators with this information as 
they consider plans to meet future demands.  The increased demand 
for electricity can be met in any number of ways from funding 
conservation programs to constructing new generating capacity.  
The fact that the high speed train system would use electricity is not 
grounds for rejecting the HST Alternative.  Global Warming and 
Secondary Energy Use– The PEIR/S compared a No Project, Modal 
Alternative (consisting of expanded highways and airports) and HST 
Alterative and found that the HST alternative would use less energy 
than the Modal Alternative.  The HST system would use electrical 
energy for propulsion rather than petroleum (used in the highway 
and airport systems).  Although some electricity would be generated 
burning fossil fuels, the amount would be far less than would be 
consumed by meeting California’s future transportation demand 
through the increased use of automobiles, trucks, and airplanes.  
The HST Alternative is anticipated to result in fewer CO2 emissions 
overall than the No Project or Modal Alternatives as reported in the 
air quality analysis (PEIR/S section 3.3).Similarly for secondary 
energy, the Modal Alternative would require similar levels of 
secondary energy use (to access airports or highway interchanges) 
as the HST Alternative.  The HST Alternative could help to focus and 
increase the density of future development, which would reduce the 
energy impacts of access trips to high speed rail stations. 
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It is not appropriate for the analyses in the Program EIR/EIS to 
speculate on potential global warming trends in California and, based 
on that speculation, further speculate by estimating increased 
energy demand from global warming. 

O069-15 
For the Program EIR/EIS the traffic analysis has been completed at a 
regional level of detail based on regional modeling data and general 
locations of stations.  Should the HST program move forward 
detailed intersection level traffic analysis will be required as part of 
subsequent project specific analysis.  Should the HST proposal move 
forward, the Authority and the FRA will work closely with the local 
jurisdictions and other stakeholders to ensure consistency with 
formalized traffic impact guidelines and to ensure that adequate 
access improvements are identified to minimize and mitigate 
potential traffic impacts.  Identification of specific traffic impacts and 
mitigations for station areas will be very site specific and require 
significantly more definition in the proposed facilities, which will be 
available in the subsequent project level studies. 

O069-16 
The noise impact analysis was done at a program level of detail.  
Further consideration of “secondary noise impacts” (e.g. shadow 
impacts from barriers, potential impacts on HST passengers) is 
beyond the scope of this program process. Should the HST proposal 
move forward, more detailed project specific studies will be required.  
However, it should be noted that noise barriers have been 
extensively utilized as a means of mitigating sensitive noise impacts 
for HST systems throughout the world.  The co-lead agencies 
disagree with your assertion, “The DPEIR/S asserts that such noise 
barriers would reduce, but not eliminate significant noise impacts”.  
Section 3.4.5 “Mitigation Strategies” of the Program EIR/EIS states 
under “A. Noise Barriers”, “In most cases the potential noise impacts 
could be reduced from the severe impact category to the FRA’s 
impact category, and to the no impact category in some locations 
with the application of appropriately dimensioned noise barriers next 
to the tracks.”    

O069-17 
Please see response to Comment O044 – 18 regarding the 
environmental justice evaluation.  The Co-lead agencies agree that 
more detailed analysis of environmental justice issues, including 
identification of specific mitigation measures, must be completed as 
part of the project-level, Tier 2 evaluations.  The Co-lead agencies 
believe that the environmental analysis completed for the PEIR/S is 
sufficient for the purposes of the PEIR/S (deciding whether to 
continue studying the statewide high speed rail system and 
eliminating some of the alignment options from further 
consideration) and also meets the intent and requirements of the 
environmental justice executive order for this program level 
environmental review. 

O069-18  
The No Project alternative does include all projects in the existing 
California STIP and adopted regional transportation plans (see 
PEIR/S page S-3).  The proposal is defined as a statewide high 
speed train system to serve interregional and intercity transportation 
needs, and is expressly not the sum total of all improvements that 
may (or may not) be needed to meet all types of transportation 
needs caused by projected growth in California.  See response O069-
14 for more information on energy analysis.  The Co-lead agencies 
believe that the cumulative growth analysis presented in the Final 
Program EIR/EIS (Section 3.17) is sufficient for this program-level 
evaluation.  Please also see standard response 3.17.1.  

O069-19 
Please see response to Comment O064-08 in regards to suitable 
mitigation measures. 

O069-20 
Please see standard response 2.18.1.  The co-lead agencies 
determined that the ridership and revenue forecasts done to support 
the Authority’s June 2000 Business Plan were sufficient for this 
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program level process.  Please also see standard response 2.1.1 and 
2.1.2. 
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Response Number Response  
the Capitol Corridor conventional rail service.  
The Capitol Corridor rail service is expected to continue to improve and expand operations.  However, the 
Capitol Corridor Joint Powers Authority envisions continuing non-electric, conventional rail-type service.  The 
Capitol Corridor would (at least initially) act as a feeder service to a statewide HST system (up to 110 mph).  
Much of this existing rail corridor parallels the I-80 highway corridor.  The Capitol Corridor was considered but 
rejected as an HST alignment option to link Sacramento and the San Francisco Bay Area.  Because the Capitol 
Corridor has severe speed restrictions from Benicia in Contra Costa County through Santa Clara County, a HST 
trip from Sacramento to Los Angeles via a Capitol Corridor alignment which goes through the San Francisco 
Bay Area would take approximately 1.5 hours longer than a Sacramento to Los Angeles HST trip via the SR-99 
Corridor, and therefore would not meet the project objectives.  While the Capitol Corridor is not included as 
part of the proposed HST system, it could be considered in the future as a potential extension of the proposed 
HST system. (Program EIR/EIS, Section 2.6.8.D) 

Standard Response 2.16.3 The Capitol Rail Corridor was eliminated from further investigation in this Draft EIR/EIS as part of the 
proposed statewide HST system because it could not provide as competitive travel times as the main 
proposed HST alignment between Sacramento and southern California.  The Sacramento to southern 
California link was determined to be a critical part of an initial statewide HST system by the Commission’s 
feasibility studies (see Program EIR/EIS, Section 2.6.8.D).  The Program EIR/EIS states that the Capitol 
Corridor could be considered in the future as a potential extension of the proposed HST system because the 
Capitol Corridor could offer direct HST service to markets (e.g., Solano and Yolo Counties) that are not served 
by HST stations considered in this program EIR/EIS.  The Authority acknowledges that if constructed, the HST 
system could ultimately be extended to other locations—if it were financially and environmentally feasible to 
do so.  However, the investigation of other potential HST extensions beyond the proposed HST system is 
beyond the scope of this program environmental process (please also see standard response 2.16.1). 

Standard Response 2.18.1 
 

The Authority and the FRA have determined that additional study will be needed in a separate program 
EIR/EIS in order to identify a preferred alignment alternative for the northern mountain crossing and that 
Altamont alignment options will be considered in that separate program EIR/EIS.  A broad corridor is 
recommended containing a number of feasible route options.  This broad corridor is generally bounded by 
(and includes) the Pacheco Pass (SR-152) Corridor to the south, the Altamont Pass (I-580) Corridor to the 
north, the BNSF Corridor to the east, and the Caltrain Corridor to the west.  The Authority would not pursue 
alignment options through Henry Coe State Park, and station options at Los Banos.  
The San Jose to Merced segment involves the crossing of the Diablo Range Mountains that separate the 
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Response Number Response  
Central Valley from the San Francisco Bay Area.  This is one of the most difficult geographic features 
encountered by the proposed HST system and is an area of controversy.  The Authority has determined that a 
next-tier Program EIR/EIS process be initiated to focus on the selection of a preferred alignment between the 
Central Valley and the San Francisco Bay Area.  
Many comments have been received urging further evaluation of the Altamont Pass as a potential alignment 
option.  Federal agency comments and others have noted the limitations of available resources information 
regarding the Diablo Range mountain crossing.  In addition, comments have been received indicating that 
other undeveloped areas in the northern mountain crossing outside the current boundaries of Henry Coe 
State Park contain sensitive resources. A next-tier Bay Area to Merced Program EIR/EIS should consider 
alignment options between (and including) the Pacheco Pass Corridor (SR-152) to the south, and the 
Altamont Pass Corridor (I-580) to the north.  Section 2.6.8F of the Draft Program EIR/EIS is not included as 
part of the Final Program EIR/EIS.   
Many comments have also been received opposing potential HST alignments through (or under) Henry Coe 
State Park (which includes the Orestimba State Wilderness Preserve).  The Authority has determined that 
alignment options through Henry Coe State Park should not be pursued in any subsequent environmental 
analysis.    
HST alignments through Henry Coe State Park would have greater potential environmental impacts than 
alignment options through the Diablo Range that would avoid the park to the north.  Alignments through 
Henry Coe State Park would have the highest impacts to Section 4(f) and 6(f) Resources (both long-term and 
construction impacts).  In addition, the considerable amount of public and agency input in regards to these 
alignment options has been overwhelmingly opposed to any construction through Henry Coe State Park. 
The Authority has also determined that the Pacheco Pass alignment HST station at Los Banos (Western 
Merced County) should not be pursued in subsequent environmental reviews because of low intercity ridership 
projections for this site, limited connectivity and accessibility, and potential impacts to water resources and 
threatened and endangered species.  Although the City of Los Banos supports the Pacheco Pass alignment 
with a potential station at Los Banos, considerable public and agency opposition has been expressed about a 
potential Los Banos HST station because of its perceived potential to result in growth related impacts.  This 
station option (as well as the Visalia/Hanford option) has low ridership potential compared to other potential 
station locations investigated by the Authority.  In 2020, this station is forecast to serve a population of only 
about 88,000 (forecast to only have between 155,000 and 190,000 annual total intercity boardings and 
alightings by 2020).  This is expected to slightly reduce the capital costs of the HST system and reduce 
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Response Number Response  
potential environmental impacts at Los Banos.  
The next-tier Program process would include addressing such issues as HST design options, costs, operational 
issues (such as frequency of service and the potential for splitting trainsets), design and cost for a Dumbarton 
HST bridge crossing, potential environmental impacts, and will consider additional ridership data to the extent 
that it is available.  
Section 3.18 of the Final Program EIR/EIS addresses construction methods and the potential for construction 
impacts in general.  In addition, each section of Chapter 3 also outlines specific design features that will be 
applied to the implementation of the HST system to avoid, minimize, and mitigate potential impacts.  
However, construction impacts are highly site-specific in nature.  These issues will be addressed in detail 
during subsequent project level environmental review, based on more precise information regarding location 
and design of the facilities proposed (e.g., specific alignment, right of way corridor width, elevated, at-grade, 
cuts and fills, etc.).  The detail of engineering associated with the project level environmental analysis will 
allow the Authority to further investigate ways to avoid, minimize and mitigate potential impacts.  

Standard Response 2.21.1 The alignment option of having a dedicated HST system utilize the LOSSAN rail corridor was considered and 
rejected.  As was stated in Section 2.6.8 (H), “After reviewing the work of the Commission, recent technical 
reports, and comment received during scoping and in the screening process, the Authority and the FRA 
studied an upgraded LOSSAN corridor to provide higher operating speeds but rejected a dedicated high-speed 
system for this area.  The high level of existing passenger rail [service], extensive existing rail infrastructure, 
and mixed [freight and passenger] rail traffic operations on this corridor, along with the limited existing right-
of-way and sensitive coastal resources, make a dedicated electrified HST service infeasible for this corridor at 
this time.” (Draft Program EIR/EIS, page 2-40)   
The concept of electrified, shared-use HST operations along the LOSSAN corridor south of Irvine was 
considered and rejected.  As was stated in Section 2.6.9 (E), “The potential impacts of overhead catenary 
structures associated with a proposed electrified HST system were of concern to the coastal communities.  
The prior bullet train proposal and feasibility studies of the Intercity HST Commission and the Authority, as 
well as the scoping and screening portions of this Program EIR/EIS process, indicated substantial opposition 
to the overhead catenary needed for the electrified HST technology.  In the San Diego region, SANDAG, 
transportation agencies, and cities indicated a preference for the LOSSAN corridor to be an incrementally 
improved non-electrified service (that would require a transfer to the statewide HST network), and for the I-
15 corridor to be evaluated as an option to provide direct HST service on new infrastructure to San Diego via 
the Inland Empire.” (Draft Program EIR/EIS, page 2-93)  
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Response Number Response  
identifying the Hayward Line/I-880 as the preferred alignment option between Oakland and San Jose. 
The Hayward Line/Niles/Mulford option would require tight curves that would greatly limit operational speeds 
between Union City and Newark – with express travel times at least 6 minutes longer than the Hayward 
Line/I-880 option.  This alignment also goes through the Don Edwards National Wildlife Refuge, which would 
result in considerably higher potential for environmental impacts (hydrology and water resources, biology and 
wetlands, visual impacts, and Section 4(f) and 6(f) parkland impacts) than the Hayward Line/I-880 alignment 
option.   
MTC and the City of Newark support the Hayward Line/I-880 alignment option.  Caltrans District 4 
commented that there would be significant construction stage impacts if the alignment encroaches onto the I-
880 median between Fremont and San Jose, and there is a need for a detailed analysis of potential 
construction impacts during project level environmental review. 

Standard Response 6.2.3 The Authority in consultation with the FRA, has identified a broad preferred corridor between the Bay Area 
and the Central Valley containing a number of feasible route options (please see standard response 6.3.1).  
Future studies would consider: (1) how and where the HST alignment from the Bay Area would connect with 
the HST alignment in the Central Valley; (2) how and where the HST alignment would enter the Bay Area and 
would connect to Bay Area termini; (3) the location of stations within these segments (please also see 
Chapter 6A of the Final Program EIR/EIS document).Please see standard response 6.2.2. 

Standard Response 6.2.5 Please see standard response 6.2.3. 

Standard Response 6.2.6 Please see standard response 6.2.2. 

Standard Response 6.3.1 The Authority and the FRA have determined that additional study will be needed in a separate program 
EIR/EIS in order to identify a preferred alignment alternative for the northern mountain crossing and that 
Altamont alignment options will be considered in that separate program EIR/EIS.  A broad corridor is 
recommended containing a number of feasible route options.  This broad corridor is generally bounded by 
(and includes) the Pacheco Pass (SR-152) Corridor to the south, the Altamont Pass (I-580) Corridor to the 
north, the BNSF Corridor to the east, and the Caltrain Corridor to the west.  The Authority would not pursue 
alignment options through Henry Coe State Park, and the station option at Los Banos in future studies.   
The San Jose to Merced segment involves the crossing of the Diablo Range Mountains that separate the 
Central Valley from the San Francisco Bay Area.  This is one of the most difficult geographic features 
encountered by the proposed HST system and is an area of controversy.  The Authority has determined that a 
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Response Number Response  
next-tier Program EIR/EIS process be initiated to focus on the selection of a preferred alignment between the 
Central Valley and the San Francisco Bay Area.  
Many comments have been received urging further evaluation of the Altamont Pass as a potential alignment 
option.  Federal agency comments and others have noted the limitations of available resources information 
regarding the Diablo Range mountain crossing.  In addition, comments have been received indicating that 
other undeveloped areas in the northern mountain crossing outside the current boundaries of Henry Coe 
State Park contain sensitive resources.  A next-tier Bay Area to Merced Program EIR/EIS should consider 
alignment options between (and including) the Pacheco Pass Corridor (SR-152) to the south, and the 
Altamont Pass Corridor (I-580) to the north.  Section 2.6.8F of the Draft Program EIR/EIS is not included in 
the Final Program EIR/EIS.   
Many comments have also been received opposing potential HST alignments through (or under) Henry Coe 
State Park (which includes the Orestimba State Wilderness Preserve).  The Authority has determined that 
alignment options through Henry Coe State Park should not be pursued in any subsequent environmental 
analysis.    
HST alignments through Henry Coe State Park would have greater potential environmental impacts than 
alignment options through the Diablo Range that would avoid the park to the north.  Alignments through 
Henry Coe State Park would have the highest impacts to Section 4(f) and 6(f) Resources (both long-term and 
construction impacts).  In addition, the considerable amount of public and agency input in regards to these 
alignment options has been overwhelmingly opposed to any construction through Henry Coe State Park. 
The Authority has also determined that the Pacheco Pass alignment HST station at Los Banos (Western 
Merced County) should not be pursued in subsequent environmental reviews because of low intercity ridership 
projections for this site, limited connectivity and accessibility, and potential impacts to water resources and 
threatened and endangered species.  Although the City of Los Banos supports the Pacheco Pass alignment 
with a potential station at Los Banos, considerable public and agency opposition has been expressed about a 
potential Los Banos HST station because of its perceived potential to result in growth related impacts.  This 
station option (as well as the Visalia/Hanford option) has low ridership potential compared to other potential 
station locations investigated by the Authority.  In 2020, this station is forecast to serve a population of only 
about 88,000 (forecast to only have between 155,000 and 190,000 annual total intercity boardings and 
alightings by 2020).  This is expected to slightly reduce the capital costs of the HST system and reduce 
potential environmental impacts at Los Banos.  
The next-tier Program process would include addressing such issues as HST design options, costs, operational 

C025159



California High-Speed Train Final Program EIR/EIS Response to Comments 
 

Standard Responses to Public Comments on the Draft Program 
 Environmental Impact Report/Environmental Impact Statement  

for the Proposed California High-Speed Train System 
 

 

 
CALIFORNIA HIGH SPEED RAIL AUTHORITY 

 
 

U.S. Department 
of Transportation 
Federal Railroad 
Administration 

Page  9-61

 

Response Number Response  
issues (such as frequency of service and the potential for splitting trainsets), design and cost for a Dumbarton 
HST bridge crossing, potential environmental impacts, and will consider additional ridership data to the extent 
that it is available.  
Section 3.18 of the Final Program EIR/EIS addresses construction methods and the potential for construction 
impacts in general.  In addition, each section of Chapter 3 also outlines specific design features that will be 
applied to the implementation of the HST system to avoid, minimize, and mitigate potential impacts.  
However, construction impacts are highly site-specific in nature.  These issues will be addressed in detail 
during subsequent project level environmental review, based on more precise information regarding location 
and design of the facilities proposed (e.g., specific alignment, right of way corridor width, elevated, at-grade, 
cuts and fills, etc.). The detail of engineering associated with the project level environmental analysis will 
allow the Authority to further investigate ways to avoid, minimize and mitigate potential impacts. 

Standard Response 6.5.1 The Authority and the FRA have concluded that a next-tier Program EIR/EIS process should be initiated to 
focus on the selection of a preferred alignment between the Central Valley and the San Francisco Bay Area 
(please see standard response 6.3.1).  This further study will be required to determine how much of the 
Caltrain alignment between San Francisco and San Jose will be included as part of the preferred HST 
alignment and whether a Mid-Peninsula station site should be recommended.  The co-lead agencies look 
forward to working with agencies, organizations, and the public throughout the next-tier Program EIR/EIS for 
the Central Valley to Bay Area and subsequent more detailed project-specific studies should the HST proposal 
move forward. 

Standard Response 6.7.1 A potential link to San Jose International Airport would be at Santa Clara less than 3 miles north of the 
potential downtown San Jose station.  Because the downtown San Jose (Diridon) station site would provide 
sufficient connectivity to San Jose airport for the foreseeable future the Authority has identified a preferred 
HST alignment that would have no potential HST station at Santa Clara.  The Authority identified Millbrae 
(SFO) as the HST airport connector station on the San Francisco peninsula.  

Standard Response 6.8.1 The West Oakland site and the 12th Street/City Center site would both provide good connectivity with BART 
and would have similar potential for environmental issues.  The Authority has concluded that there should be 
continued investigation in future tiered environmental reviews of both the West Oakland and the 12th 
Street/City Center sites as potential locations for a terminus station in Oakland. 
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APPENDIX 3.4-C 

NOISE AND VIBRATION IMPACT CRITERIA 

NOISE IMPACT CRITERIA 

The Federal Railroad Administration’s (FRA’s) noise criteria are ambient-based, such that a rail project’s 
noise is compared with existing conditions to provide an assessment of the effect of the potential change 
in noise environment on various land uses in the transportation corridor.1  The assessment of project 
noise levels incorporates elements of both “relative” and “absolute” limits.  Relative criteria are based on 
expected annoyance due to the change in the noise environment.  Absolute criteria are based on activity 
interference such as interfering with speech (listening to radio or television) or arousing from sleep. 

The figure used for noise impact assessment is the day-night sound level (Ldn) measured in decibels 
(dBA) for residential land uses, Land Use Category 2, including buildings where people sleep (residences, 
hospitals, hotels, motels).  The hourly equivalent sound level (Leq) in dBA is applied during hours of active 
use in parks (Land Use Category 1) and institutional uses (Land Use Category 3—churches, libraries, 
schools). 

The FRA categorizes changes in noise over existing conditions in three levels of effect: no impact, impact, 
and severe impact.  The noise levels for alternatives are compared to the existing ambient noise level 
prior to the introduction of the alternative.  The intersection of the two levels on the graph in Figure 3.4-
C-1 is an indicator of the degree of impact.  Below the threshold of impact, the alternative would have no 
impact on noise since, on the average, there would be an insignificant increase in the number of people 
highly annoyed by the new noise from the alternative.  For severe impact, a significant percentage of the 
people exposed to the noise would be highly annoyed by the new noise source.  Impact is assessed when 
the noise level would be noticeable but would not be sufficient to cause strong, adverse reactions from 
the community.  Upper limits are included in the FRA criteria to account for high noise levels judged to 
interfere with human activities. 

                                                 
1 U.S. Department of Transportation, Federal Railroad Administration.  “High Speed Ground Transportation Noise and Vibration 
Impact Assessment”.  Washington DC: 1998. 

C027437



California High-Speed Train Program EIR/EIS Noise and Vibration Impact Criteria 

 

 
CALIFORNIA HIGH SPEED RAIL AUTHORITY 

 
 

U.S. Department 
of Transportation 
Federal Railroad 
Administration 

Page 3.4-C-2

 

Figure 3.4-C-1 
Noise Impact Criteria for High-Speed Rail Projects 

 

VIBRATION IMPACT CRITERIA 

Table 3.4-C-1 
Ground-Borne Vibration Impact Criteria 

Ground-Borne Vibration Impact Levels  
(VdB re 1 micro inch/sec) 

Land Use Category Frequent Events1 Infrequent Events2 

Category 1:  Buildings where low ambient 
vibration is essential for interior operations. 65 3 65 3 

Category 2:  Residences and buildings where 
people normally sleep 72 80 

Category 3:  Institutional land uses with 
primarily daytime use. 75 83 

Notes: 
VdB re 1 micro inch/sec  =  velocity level in decibel units re one micro-inch per second. 
1 Frequent events are defined as more then 70 vibration events per day.  Most rapid transit projects fall into this category. 
2 Infrequent events is defined as fewer than 70 vibration events per day.  This category includes most commuter rail systems 
3 This criterion limit is based on levels that are acceptable for most moderately sensitive equipment such as optical microscopes.  

Vibration sensitive manufacturing or research will require detailed evaluation to define acceptable vibrations levels.  Ensuring 
lower vibration levels in a building often requires special design of the heating/air conditioning systems and stiffened floors. 
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1.0 INTRODUCTION 

1.1 BACKGROUND 
 
In its Business Plan1 adopted in June 
2000, the California High-Speed Rail 
Authority (Authority) recommended 
that the state proceed with 
implementation of a statewide high-
speed train system by initiating the 
formal state and federal 
environmental review process 
through preparation of a state 
program-level Environmental Impact 
Report (EIR) and a federal Tier I 
Environmental Impact Statement 
(EIS) or Program EIR/EIS.  The 
Authority is the state lead agency for 
the California Environmental Quality 
Act (CEQA), and the Federal Railroad 
Administration (FRA) is the federal 
lead agency for the National 
Environmental Policy Act (NEPA).  As 
part of the Program EIR/EIS, a 
number of project alternatives will be 
evaluated including a High-Speed 
Train Alternative.  Within the High-
Speed Train Alternative, there are a 
range of high-speed train alignments 
and station locations to be 
considered.  To carry out the 
engineering and environmental work 
needed for the program 
environmental process, the state 
network has been divided into five regions: Bay Area-Merced, Sacramento-Bakersfield, Bakersfield-Los 
Angeles, Los Angeles-San Diego via the Inland Empire, and Los Angeles-Orange County-San Diego (see 
Figure 1.1-1).  
 
 
1.2 PURPOSE OF ENGINEERING CRITERIA AND PARAMETERS 
 
Through the alignment and station screening evaluation process, a number of alignment and station 
options were identified, evaluated and defined for further study in the Program EIR/EIS as part of the 
High-Speed Train Alternative.  These alignment and station options were developed based on engineering 
criteria and parameters established for the screening evaluation.  In all cases these criteria and 
parameters are still appropriate; however, to define the alignment and station options adequately to 
support the program level environmental analysis certain areas need further specificity.  To guide the 
further definition of these options additional engineering criteria and parameters are necessary in the 
following three main areas: station requirements (including track/platform configuration and parking), 
                                                           
1 California High-Speed Rail Authority.  Building a High-Speed Train System for California, Final Business Plan. June 2000. 

Figure 1.1-1:  High-Speed Train Corridors 
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storage and maintenance requirements, and the design and operating concept for shared use (HSR and 
conventional passenger trains) operation in certain corridors such San Jose to San Francisco and Los 
Angeles to Irvine. The additional criteria and parameters are consistent with the screening methodology 
and previous studies, as well as the system-wide performance goals and objectives set forth by the 
Authority.   
 
This report presents the engineering and operating parameters and assumptions that were used to 
develop and define all of the alignment and station options to be considered in this program level 
environmental analysis.  The Regional Teams completed the definition of the alignment and station 
options and provided the definitions to the environmental analysis teams as the basis of their analyses.        
 
 
1.3 ORGANIZATION OF THIS REPORT 
 
In the following chapters, this report describes the range of reasonable system alternatives under 
consideration and those considered for further analysis in the Program EIR/EIS.  
  

• Chapter 2.0 describes the overall system parameters. 
 

• Chapter 3.0 describes the alignment design parameters. 
 

• Chapter 4.0 describes the station design parameters. 
 

• Chapter 5.0 describes the system/design parameters applied to the LOSSAN Corridor. 
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2.0 SYSTEM PARAMETERS 

 
2.1 TECHNOLOGY 
 
The design, cost and performance parameters defined in this document are based on two general 
technology groups; electrified and non-electrified (conventional) steel-wheel-on-steel-rail high-speed 
trains.  The proposed high-speed train system is illustrated in terms of general alignment and technology 
in Figure 2.1-1. 
 
 
 

 

Figure 2.1-1 
High-Speed Train System 
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2.1.1 Electrified Steel-Wheel-on-Steel-Rail (VHS) 

 
This type of high-speed train technology would link the San Francisco Bay Area, Sacramento, the Central 
Valley, Los Angeles, Orange County, the Inland Empire and San Diego (via the Inland Empire).  This 
technology must also be capable and compatible for sharing tracks with other services at reduced speeds 
in heavily urbanized areas.   
 
The electrified steel-wheel-on-steel-rail high-speed (VHS) trains must be capable of maximum operating 
speeds near 220 mph (350 km/h) (Figure 2.1-2) on dedicated, fully grade-separated lines with more 
stringent alignment requirements than those needed for lower speed lines.  These trains must also be 
capable of integrate into existing conventional rail lines in the congested urban areas given resolution of 
certain equipment and operating compatibility issues.  All VHS systems in operation use electric 

propulsion with overhead 
catenary and include the 
Train à Grande Vitesse 
(TGV) in France 
operating at 186 mph 
(300 km/h) and the 
InterCity Express (ICE) in 
Germany, which operates 
at 155 mph (250 km/h). 
 

 

 Figure 2.1-2:  VHS Technology 

 
The criteria applicable to the VHS Technology are presented in the remaining sections (2.2 and 2.3) of 
this Chapter, and Chapters 3 through 7. 
 
2.1.2 Non-Electrified Steel-Wheel-on-Steel-Rail (Conventional) 

 
This type of high-speed train technology would link LA Union Station to San Diego via Orange County.  
This service would require a transfer to the electrified high-speed train service (at LA Union Station or 
Orange County) for trips north of Union Station. 
 
From Irvine to San Diego, only non-electrified steel-wheel-on-steel-rail high-speed train technology will 
be considered.  Therefore, high-speed train service from San Diego via the LOSSAN Corridor would 
require a transfer to the electrified high-speed train service (at LA Union Station or Orange County) for 
trips north of Union Station. 
 
The criteria established for this technology is presented in Chapter 8. 
 

VHS Train (ICE) 
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2.2 SHARED USE/COMPATIBILITY ISSUES 
 
The statewide train system is being planned for dedicated high-speed service from San Jose to 
Sacramento to Los Angeles.  For high-speed train service on the San Francisco Peninsula (San Jose to 
San Francisco), only integrated (shared-track) service on the Caltrain Corridor will be considered for 
further evaluation.  The high-speed trains would need to be compatible with the other passenger trains 
(Caltrain) sharing the tracks.  High-speed trains would also share tracks with existing services for the 
LOSSAN alignment alternative from Los Angeles Union Station to Irvine.  Sharing tracks with existing 
services may be required in other heavily urbanized portions of the statewide high-speed train network, 
such as San Jose to Oakland, and Los Angeles to Riverside.  Continued investigation of the rail corridors 
between Los Angeles and Riverside will include consideration of the potential for sharing tracks with 
Metrolink.   The segments proposed for shared use operations are highly constrained in terms of urban 
development and alignment geometry.  Operating speeds on these segments are significantly 
constrained, typically under 125 mph.  
 
FRA requirements for rolling stock preclude shared use of trackage by conventional railroad equipment 
and available very high-speed equipment, which do not currently meet FRA structural design 
requirements (i.e., “buff strength”).  This pertains to the amount of force that can be applied to the end 
of a trainset (passenger cars and locomotives or power units) without causing the cars or locomotives to 
crumple.  A high buff strength requirement (a “crash-worthiness” standard) protects the passengers and 
railroad employees inside the train in the event of a collision.   
 
Both the Federal Railroad Administration (FRA) and high-speed train manufacturers have indicated that 
they believe that steel-wheel-on-steel-rail trains capable of meeting the Authority’s performance 
standards will be able to meet or exceed FRA standards for shared-track operations in California.  The 
implementation of shared use in the California system would focus on changes to the design and 
manufacture of high-speed train equipment; however, it may also encompass the consideration of a 
variety associated solutions including changes in the type of conventional passenger and freight 
equipment used on the potential shared use corridors, changes in the current operating (train control, 
signaling, etc.) practices, and changes in the regulatory requirements.  Shared use operations with 
conventional freight traffic would be avoided with either physical (separate tracks) or temporal (time of 
day) separation. 
 
To define the extent of physical and operational characteristics of these shared use corridors, the 
Regional Teams, in conjunction with the Program Management Team, must apply the following basic 
concept of shared use operation to each applicable corridor.  Shared use corridors would meet the 
following general criteria: 
 

• Electrified 
• Full Grade Separation 
• Uniform Control/Signal System 
• Four Tracks at Stations (allow for through/express services and local stopping patterns) 
• May require three to Four Mainline Tracks (depending on capacity requirements of HSR and other 

services) 
• Physical or Temporal Separation from Conventional Freight Traffic is desired. 

 
 
 
 
 
 
2.3 POTENTIAL FREIGHT SERVICES ON DEDICATED HIGH-SPEED LINES 

C034781



California High-Speed Train Program EIR/EIS Task 1.11 – Engineering Criteria Report 

  Page 6 U.S. Department
of Transportation
Federal Railroad
Administration 

 
In addition to the compatibility issues described above, there are other issues associated with the 
potential operation of freight services with high-speed train passenger services on dedicated high-speed 
lines.  Operating freight trains at axle loads approaching conventional U.S. axle loads would compromise 
high-speed train operating efficiency, maintenance standards/tolerances and strict safety requirements.  
Conventional U.S. freight trains also require different track geometry in terms of superelevation.  In 
addition to the substantially higher axle loads required by the conventional railroad freight services, larger 
clearances due to the size of the double or piggyback cargo containers are also required.  These larger 
clearances would impact the design of the electrification distribution system, undercrossings and tunnels. 
For these reasons operation of conventional full-tonnage freight trains would be incompatible with a high-
speed train system in California. 
 
Two other types of freight movement would be compatible with California high-speed trains and would 
provide significant growing markets. 
 

A. Small Package/Light Container  
 

Package/container versions of the high-speed passenger vehicles can be adapted, without 
compromising operating capabilities, to handle mail, express parcel, package freight, and other 
container freight that does not exceed the weight of typical passenger loads. Examples of this 
type of freight include overnight small packages and mail, distributed by such entities as Federal 
Express, United Parcel Service, and the U.S. Postal Service.  The equipment used for these 
services must be completely compatible with the passenger equipment and be capable of safely 
traveling at the top design speeds of the entire high-speed system.  This type of equipment could 
operate as a separate modified trainset, or one or more cars could be integrated into a passenger 
trainset. 

 
B. Special Medium-Weight Freight 

 
These high-speed (VHS technology) medium weight freight trains would have limited axle loads 
of about 19 metric tons2 or less, as opposed to conventional full-tonnage U.S. freight of about 27 
metric tons per axle.  These freight-only trains would be designed to meet high-speed system 
safety and design standards but would only operate during nighttime hours, at no more than 125 
mph (200 km/h).  The freight-only periods would be scheduled after passenger trains were 
beyond the area of freight operations and would be coordinated so as not to interfere with 
required nighttime maintenance activities.  These maintenance services could be provided on the 
system currently being proposed within the established parameters of cost and design By 
restricting these high-speed freight operations to the non-passenger service hours (night time), 
conflicts with the faster high-speed passenger trains can be avoided. 

 
C. Freight Infrastructure 

 
Freight services on the high-speed network would require operating arrangements and physical 
facilities to handle freight at both origin and destination points. 
 
For small package and light container services, loading and unloading can be accomplished 
quickly at passenger stations.  Employees would unload and load any material destined for each 
station quickly within the dwell times established for passenger trains.  This would require interior 
designs that permit sorting “on the go” and fast means of accepting new packages and releasing 
packages from the car to the platform.  Special destination specific containers may be part of the 
overall design for this type of service.  For these types of freight, accommodations would be 

                                                           
2 One metric ton equals 1.102 English tons.  
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required at stations for package deliveries, and for assembly into destination-specific containers 
and disassembly for final delivery.   
 
For heavier freight services, which would be handled by special “freight only” trains, 
infrastructure requirements may be more elaborate.  If these trains are handled during “freight 
only” operating windows when no passenger trains are on the network, passenger stations could 
be used to handle goods.  It may be necessary to build special loading and unloading facilities 
either adjacent to the passenger platforms or at remote sites.  These issues are freight service 
design issues, which need to be incorporated into whatever processes the Authority chooses, to 
advance the freight concepts toward business planning.  The Authority has adopted the policy of 
excluding the cost of any special freight equipment or infrastructure as part of the initial financial 
and operating plans.  
 
Due to a clear legislative mandate and limited resources, the Authority has focused their efforts 
on the implementation of a high-speed passenger rail service.  The Authority has not undertaken 
the market studies necessary to define a specific freight system for consideration therefore 
specific freight operating plans and infrastructure will not be addressed as part of this program 
environmental process. However, the engineering parameters established by the Authority allow 
for future implementation of freight services as the market supports.  Further consideration of a 
specific freight service proposal would be required at the project specific stage of environmental 
review prior to implementation. 
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3.0 ALIGNMENT DESIGN PARAMETERS 

This section presents the design parameters including speeds, geometry, and clearances to be applied in 
defining the alignment options for the program level environmental analysis. The criteria presented are 
consistent with the criteria applied in the previous Alignment and Station Screening Evaluation study and 
are based on accepted engineering practice, the criteria and experiences of other railway and high-speed 
train systems, and recommendations of high-speed train manufacturers.  The alignment criteria and 
clearances, as set forth, were established with the following objectives: 
 
 Maximum system safety, 
 Acceptable passenger comfort, 
 Minimum wear on rails and wheels for rail technologies, 
 Compatibility with railcar characteristics, and 
 Maximum operating speed and efficiency. 

 
The main engineering design parameters and criteria are summarized in Table 3.0-1 and described below 
for VHS. 
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Table 3.0-1 

Summary of Engineering Design Parameters 
 

Parameter Very High-Speed  

Double Track Full 
Power Source Electric 
Grade Separations Full 
Potential for Shared Use Yes 
Corridor Width 

 Desirable 
 Minimum 

 
100 ft (30.4 m) 
50 ft (15.2 m) 

Top Speed 220 mph 
(350 km/h) 

Average Speed 125-155 mph 
(200-250 km/h) 

Acceleration 0.4-1.3 mph/s3 
(0.6-2.1 km/h/s4) 

Deceleration 1.2 mph/s 
(1.9 km/h/s) 

Minimum Horizontal Radius 500-650 ft 
(150-200 m) 

Minimum Horizontal Radius 
(At top speed) 

15,600 ft @ 220 mph 
(4,750 m @ 350 km/h) 

Superelevation 
 Actual (Ea) 
 Unbalanced (Eu) 

 
7 in (180 mm) 
5 in (125 mm) 

Grades 
 Desirable Maximum (sustained grade) 
 Absolute Maximum (limited length) 

 
3.5% 
5.0% 

Minimum Vertical Radius 
Crest Curve (at top speed) 

157,500 ft @ 220 mph 
(48,000 m @ 350 km/h) 

Minimum Vertical Radius 
Sag Curve (at top speed) 

105,000 ft @ 220 mph 
(32,000 m @ 350 km/h) 

Horizontal Clearance 
(Centerline of track to face of fixed object) 

10 ft 4 in @ 220 mph 
(3.1 m @ 350 km/h) 

Vertical Clearance 
(Top of rail to face of fixed object) 

21 ft (6.4 m) 

Track Centerline Spacing 15 ft 8 in @ 220 mph 
(4.7 m @ 350 km/h) 

Notes: 1- mph/s – miles per hour-second 
 2- km/h/s – kilometers per hour-second 
 
 
3.1 SPEEDS 
 
The proposed technology is focused on the next generation of high-speed rail trains to provide both 
frequent service and fast travel times.  It is anticipated that trains would travel at maximum operating 
speeds near 220 mph (350 km/h).  Average operating speeds would of course, be lower, around 155 
mph (250 km/h).  Speeds in urban areas are typically constrained to a maximum of approximately 125 
mph (200 km/h) due to physical (curve radius) and environmental constraints (visual or noise/vibration).  
These speeds allow for express travel times consistent with the travel time goals. 
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Existing high-speed train systems in Europe and Japan currently operate at speeds of 187 mph (300 
km/h) to 200 mph (325 km/h) and are testing speeds 220 mph (350 km/h).  The operators and 
manufacturers concur that speeds of 220 mph (350 km/h) are or would be obtainable within the 
implementation period of the California system.  All of the system operators agree that there are 
significant obstacles to implementing the higher speeds.  Specifically, the higher speeds are associated 
with increased maintenance of infrastructure and vehicles, higher maintenance costs, higher noise levels 
and higher energy usage and costs.   Decisions have been made in Germany to limit the maximum 
operating and design speeds to 187-200 mph (300-320 km/h) due to the economic viability of the 
increased maintenance and energy usage costs.  However, France is currently testing higher operating 
speeds of mph (320 km/h) and currently designs new lines for potential operation at 220 mph (350 
km/h).  Japan does not plan to increase speeds beyond 187 mph (300 km/h), due to existing 
infrastructure limitations and strict environmental requirements concerning noise; however, they are 
manufacturing and testing equipment at speeds of  220 mph (350 km/h) and higher.  In addition, Spain 
is currently implementing new lines for operation at 220 mph (350 km/h). 
 
Given the technical viability of 220 mph (350 km/h) high-speed train operating speeds and the strong 
advantages of lower travel times on California’s long intercity markets, it is prudent to continue to 
accommodate these speeds in the design and development of the alignments considered for this system. 
 
Table 3.1-1 presents the range of maximum operational speeds and acceleration/deceleration 
characteristics assumed for the two technology groups under consideration, allowing for expanded 
capabilities in the next generation of VHS equipment.  Because of variations in performance and 
equipment characteristics, each group has its own geometric design criteria. 
 
 

Table 3.1-1 
Design Speeds 

 
 VHS  

Top Speed 220 mph 
(350 km/h) 

Average Speed 125 – 155 mph 
(200 – 250 km/h) 

Acceleration 
0 – 62 mph 
62 – 124 mph 
124 – 186 mph 
186 + mph 

                        mph/s1     (km/h/s2)  
1.3            2.1 
1.0            1.6 
0.6            1.0 
0.4            0.6 

Deceleration 
 

mph/s     (km/h/s) 
1.2            1.9 

Note:  1- mph/s – miles/hour-second 
 2- km/h/s – kilometers/hour-second 

 
 
3.2 ELECTRIFICATION 
 
An electrical propulsion system is necessary to provide the performance characteristics (e.g. speed and 
acceleration) required to be competitive with other modes of travel in California.  The power supply 
would consist of a 2x25KV overhead catenary system for all electrified portions of the statewide system.  
Supply stations would be required at approximately 30 mile intervals. Based on the estimated power 
needs of this system, these stations would need to be approximately 20,000 square feet (200’ X 100’).  
Switching stations would be required at approximately 15 mile intervals.  These stations would need to be 
approximately 7,500 square feet (150’ X 50’).  Paralleling (booster) stations would be required at 
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approximately 7½ mile interval.  These stations would need to be approximately 5,000 square feet (100’ 
X 50’).  Each station includes a control house that would need approximately 800 square feet (40’ X 20’).  
These facilities would not be sited as part of this Program EIR/EIS.  However, a generic analysis of these 
facilities would be included.  The facilities defined fall well within the potential impact areas defined for 
the environmental analysis methods for the program level study.  All facility sizing and spacing to be 
verified by simulation based on planned headways, speed and specific equipment specifications at the 
project specific level of analysis.   
 
 
3.3 DOUBLE TRACK 
 
The high-speed rail technology requires a dual track mainline system to safely support the ridership 
volumes, frequency of service, scheduling flexibility and delay recovery required for the proposed system.  
In addition, the dual track mainline must be maintained through station areas to allow for run-through or 
express services.  Off-line stopping tracks would be provided at all intermediate stations (See Chapter 5).   
 
 
3.4 GRADE SEPARATION 
 
Due to the safety and performance requirements, there would be no grade crossings permitted on the 
dedicated high-speed train lines.  No unauthorized vehicles or pedestrians would be permitted to enter 
the corridor or cross the tracks at grade, which would expose them to a possible collision with a train.  In 
addition, the right-of-way would be fully access controlled (fenced) in areas of high-speed operation to 
avoid intrusion by pedestrians, wildlife and livestock.  This requirement applies to both the dedicated and 
shared use operation alternatives. 
 
 
3.5 HORIZONTAL ALIGNMENT 
 
The horizontal alignment design parameters are based on passenger comfort; limiting the lateral force on 
the passenger.  To limit the discomfort caused by excessive lateral force, the track is superelevated 
(tilted) toward the inside of the curves.  Minimum lengths of tangents and curves are required, and spiral 
transition curves are applied to assure a gradual introduction of lateral force.  The steady state lateral 
forces are limited to 0.1g or 3.2 ft/s2 (1 m/s2) in the design parameters described below.  Table 3.5-1 
includes formulae for determining superelevation and minimum lengths of tangents, curves, and 
transition curves for the two technology groups.   
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Table 3.5-1 
Horizontal Alignment Criteria 

 
 VHS (English) (1) VHS (Metric) (2) 

Minimum tangent length (Lt) 
 
 

2.22 V (>500’) 0.42 V (>152.4 m) 

Equilibrium superelevation    
(Ee) 4.01 V2 1.199 V2 
                     R                    R 

Unbalance superelevation   
(Eu) Ee-Ea Ee-Ea 
Max Ea 7 “ 17.8 cm 
Max Eu 5 “ 12.7 cm 
Minimum length of circular   
curve (Lc) 2.22 V 0.42 V 

Minimum radius (absolute @ minimum speed) 500-650ft 150-200m 
Spiral length (Le)    
(greater of) l.38 Ea V 0.103 Ea V 
none required if Ls<0.01 R 0.98 Eu V 0.073 Eu V 
 62 Ee 7.44 Ee 
Notes: (1)- Ea = actual superelevation (inches), Ee = equilibrium superelevation (inches), Eu = unbalanced superelevation 

(inches), Lc = minimum length of circular curve (feet), Le = spiral length (feet), Ls = minimum length of transition spiral 
(feet), Lt = minimum tangent length (feet), R = radius (feet), V = velocity (mph) 

 
           (2)- Ea = actual superelevation (centimeters), Ee = equilibrium superelevation (centimeters), Eu = unbalanced 

superelevation (centimeters), Lc = minimum length of circular curve (meters), Le = spiral length (meters), Ls = minimum 
length of transition spiral (meters), Lt = minimum tangent length (meters), R = radius (meters), V = velocity (kph) 

 
 
 
3.6 VERTICAL ALIGNMENT 
 
The vertical alignment, also known as the profile, traces the elevation of the top of rail.  Maximum profile 
gradients are based on trainset performance.  The length of vertical curves is governed by the vertical 
force that passengers can comfortably experience in profile crests and sags.  According to standard U.S. 
passenger rail practices, the allowable forces in sags (downward 0.03g) are slightly greater than that for 
crests (upward 0.02g) and are practically the same from a standpoint of minimum and desirable criteria. 
There is also a minimum length of profile tangent and vertical curves, which prevent a roller coaster 
effect in profiles. 
 
Table 3.6-1 lists recommended maximum gradients for main lines, secondary tracks and yards, and 
stations.  Also included are formulae for computing radii of vertical curves and minimum curve and 
tangent lengths. 
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Table 3.6-1 
Vertical Alignment Criteria 

 
VHS (English) (1) VHS (Metric) (2) 

Length of constant grade (Lt)   
Desirable 4.38 V 0.829 V 
Minimum 2.22 V (<500’) 0.42 V (<152.4 m) 

Gradient (in %) 
Mainline Tracks:  
(desirable maximum) 3.5 3.5 
(absolute maximum) 5.0 5.0 
Station Tracks: (desirable minimum) 0.0 0.0 
                      (absolute maximum) 
Yards and secondary tracks: 
Storage and transfer tracks: 

0.25 
0.0 
0.0 

0.25 
0.0 
0.0 

Vertical curve radius (R)   
Crest 3.33 V2  0.392 V2  

Sag 2.22 V2  0.261 V2  

Length of vertical curve (LVC)   
Desirable 4.38 V 0.829 V 
Minimum 2.22 V 0.42 V 
(increase 50% if in horizontal curve)   

Notes:  
(1) Lt = length of constant grade (feet), LVC = length of vertical curve (feet), R = vertical curve radius of circular curve (feet), 
V = velocity (mph) 
(2) Lt = length of constant grade (meters), LVC = length of vertical curve (meters), R = vertical curve radius of circular curve 
(meters), V = velocity (kph) 
  
Combined effects of steep grades and horizontal curves on passenger comfort would need to be considered in design phase of 
project. 

 
 
3.7 CLEARANCE REQUIREMENTS 
 
Adequate clearances assure the safe passage of trains, access to disabled trains, and safe conditions for 
maintenance personnel and passenger evacuation.  Minimum clearances are listed below in Table 3.7-1. 
 
 

Table 3.7-1 
Clearances 

 
 VHS 
Centerline of Track to Face of Fixed Object (horizontal) 10 ft 4 in (3.1 m) @ 

220 mph (350 km/h) 
Top of Rail to Face of Fixed Object (minimum vertical) 
 

21 ft (6.4 m) 
 

Double Track Center to Center Distance (horizontal) 
15 ft 8 in (4.7 m) @ 

220 mph (350 km/h)(1) 
Minimum Clear (horizontal) 

30 in (76.2 cm) 

Notes:  
 1-TGV system requires 4.5 m, ICE requires 4.7m @ 350 km/h. 
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3.8 RIGHT-OF-WAY REQUIREMENTS 
 
The minimum right-of-way limits for typical operating sections of the high-speed train system are shown 
in Table 3.8-1.  These limits represent the minimum right-of-way required for basic implementation of a 
specific operating section.  In many cases additional requirements apply which are also noted in the 
table.  Other factors such as topography, soils, groundwater levels, noise receptors, cut-and-fill slopes, 
drainage, retaining walls, service roads, utilities, operating speeds, and construction methods also 
influence the extent of the required right-of-way envelope.  Typical cross-sections for each general 
mainline section are included in Appendix A. 
 
For the definition of alignment options, three general parameters should be followed as guidelines with 
consideration given to constraint information identified in the screening evaluation:  (1) a minimum right-
of-way corridor of 50 feet (15.2 meters) should be assumed in congested corridors; (2) a 100-foot (30.4-
meter) corridor should be assumed in less developed areas to allow for drainage, future expansion and 
maintenance needs; and (3) a wider corridor should be assumed in variable terrain to allow for cut and 
fill slopes and twin-bore tunnel.  In these wider sections, the width should be determined according to 
the minimum cross sectional requirements, as defined in Table 3.8-1, and the general assumption of 2:1 
cut and fill slopes.  For shared use corridors, widths would vary depending on the number of tracks 
required. 
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Table 3.8-1 

Minimum Permanent Right-of-Way Requirements 
 

Type of Section Minimum Width Minimum Requirements 
At-Grade/Cut-and-Fill/Retained Fill 50 ft (15.2 m) Fee purchase of entire width 

Cut & Fill section requires additional width to 
accommodate drainage and 2:1 slopes 

Aerial Structure 50 ft (15.2 m) Fee purchase required for column foundations 
Fee purchase or aerial easement required for full 
width of structure plus 3.5 feet (1 m) on each side 
for maintenance purposes.  
Allows for ongoing use of land area under the 
structure (parking, streets, other rail services, etc.) 
with appropriate lease for private entities or 
agreement with public entities.  This arrangement 
must allow for ongoing access to columns for 
maintenance and proper protection for columns if 
area is used for street or rail purposes. 

Tunnel (Double Track) 67 ft (20.4 m) Fee purchase or underground easement of entire 
width.   
Fee purchase allows for ongoing use of land area 
above the structure (parking, streets, open space, 
etc.) with appropriate lease for private entities or 
agreement with public entities. 

Tunnel (Twin Single Track) 120 ft (36.6 m) Fee purchase or underground easement of entire 
width.   
Fee purchase allows for ongoing use of land area 
above the structure (parking, streets, open space, 
etc.) with appropriate lease for private entities or 
agreement with public entities. 

Trench Section (open or closed) 50 ft (15.2 m) Fee purchase of entire width 
Closed section allows for ongoing use of land area 
over the structure (parking, streets, open areas, 
etc.) with appropriate lease for private entities or 
agreement with public entities.   

 
Note:  Widths do not include temporary easements required for construction purposes. 
 
 
3.9 TUNNELING 
 
 
3.9.1 TECHNICAL CONFERENCE 

 
To provide a forum to address the issues associated with the tunneling required for the statewide high-
speed train system, a technical conference was held on December 3 and 4, 2001, in the Los Angeles 
area.  The conference was attended by seven representatives of major tunneling contractors, nine 
specialized tunneling consulting engineers, two geologists/geotechnical engineers, and representatives of 
the Program Management and Regional Study Teams as well as Authority staff.  In addition, the 
conference was observed by two Authority Board Members.  The conference was held over a two day 
period providing sufficient time for extensive discussion in the three main areas:  past assumptions and 
requirements, construction methods and cost estimating.  
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The conference focused on gaining insights/input regarding feasibility, construction methods and cost 
assumptions associated with the proposed tunneling.  This information would be used to avoid making 
planning decisions that are not based on the current construction capabilities or those reasonably 
expected within the implementation timeframe of this project.  The attendees were provided with 
background information on the studies to date, system requirements, previous assumptions, and previous 
findings as a basis for participation in the technical conference.  As part of the conference, attendees 
participated in discussions and cost estimating exercises to identify and explore the key issues.  
 
 
3.9.2 CONFERENCE CONCLUSIONS 

 
Based on the outcome of the discussions held throughout the conference, numerous specific conclusions 
were formalized with all of the attendees.  Several of the key conclusions are summarized below.   
 

• Confirmed the overall feasibility of the tunneling proposed for the statewide high-speed train 
system.  No ‘fatal flaws’ were identified in the tunneling assumptions applied to date.  

• Tunnel boring machines should be assumed as the excavation method for all tunnels with the 
exception of specific areas identified during the conference that have difficult geology. 

• Twin single track tunnels should be assumed for lengths of 0-6 miles.  For lengths greater than 6 
miles a third tunnel is required for ventilation, evacuation and construction access. 

• There is no significant difference in the tunneling requirements (methods or cost) at sustained 
2.5% or 3.5% vertical grades. 

• The cost of tunneling using Tunnel Boring Machines versus Drill and Blast methods was not as 
significant as the difference in construction time.  Drill and Blast methods require significantly 
more time. 

• All tunnels should be fully lined for structural, water tightness and aerodynamic reasons. 
• Considerable geologic exploration is required prior to construction. 
• Consider reducing the cross-sectional area of tunnels approaching terminal stations and evaluate 

potential reductions in other areas. 
• Confirmed the desirability of crossing of major fault zones at grade. 
• Confirmed the objective of minimizing the amount of tunneling required, due to cost, time of 

construction and potential for delay. 
• Limit the use of long tunnels (over 12 miles in total length). 

 
The conclusions reached at the conference generally confirm and support the studies completed to date.   
 
 
3.9.3 TUNNELING CRITERIA/ASSUMPTIONS 

 
To define the alignment options for consideration in the program environmental analysis, the following 
criteria and assumptions have been followed in the development of plans and profiles for the northern 
and southern mountain crossings, which would be provided by the Program Management Team: 
 

• The extent of tunneling should be minimized. Tunnels lengths should be limited to less than 6 
miles, where possible and not to exceed 12 miles overall length.  

• Tunnel boring machines should be the assumed excavation method for all tunnels with the 
exception of specific areas such as fault crossings that have very difficult geology 

• Twin single track tunnels should be assumed for lengths of 0-6 miles.  For lengths greater than 6 
miles a third tunnel is required for ventilation, evacuation and construction access.  The typical 
sections included in Appendix A reflect these assumptions. 

• Tunnels should be fully lined as reflected in the unit costs included in Chapter 6. 
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1.0 Executive Summary 

This report presents an analysis of the potential economic development and growth effects 
for the alternatives considered in the Bay Area to Central Valley Program-Level 
Environmental Impact Report (EIR) and Tier 1 Environmental Impact Statement (EIS).  
The intent of the analysis is to understand the extent of statewide, regional, and local 
growth effects in terms of population and employment change, and land consumption 
associated with these changes.  This report: 

• Identifies the potential statewide-, regional-, and county-level employment and popu-
lation changes associated with each alternative; 

• Identifies the urban area size needed to accommodate population and employment 
growth; and 

• Identifies the potential for employment and population concentration in the vicinity of 
high-speed train (HST) stations. 

The report presents results for existing conditions (years 2002 and 2005) and a forecast 
year of 2030. 

 1.1 Economic Growth and Development Analysis 

The potential economic growth stimulus of a transportation investment may be measured 
not only in terms of its overall magnitude, but also in terms of its relative distribution among 
different geographic areas.  In economic terms, this distinction is the “generative” versus 
“distributive” dimensions of growth.  Transportation investments, such as airports, high-
ways, transit, and high-speed train, comprise just one of many factors that determine how 
much growth will occur, and whether it will be generative versus distributive in nature.  
Other major growth factors, such as education level, housing affordability, land availabil-
ity, and others, interact in complex and sometimes unpredictable ways for communities, 
regions, and entire states.  Public and private policy tools, such as land use planning and 
zoning, enterprise development zones, and infrastructure funding, can also influence both 
the magnitude and the distribution of economic growth. 

The results presented in this report were developed in the Transportation Economic 
Development Impact System (TREDIS), which combines business attraction and macro-
economic simulation model, together with an employment allocation routine and a resi-
dential spatial allocation model.  The process considered the effects that changes in travel 
options transportation congestion and delay between existing conditions and future years 
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would have on the State’s economic growth.  The process also modeled several dimen-
sions of growth and spatial reallocation that could occur with any of the system alterna-
tives, and considered many possible impacts of high-speed train on jobs, population, and 
land development, including the following: 

• Increased employment because of attraction of new businesses to California, or expan-
sion by businesses already located in the State; 

• Reallocation of employment because of changes in business location by firms already 
located in California; 

• Population growth associated with business attraction, expansion, and spatial shift; 

• Shift in residential population between counties (with fixed employment location) due 
to changed accessibility for the HST Alternatives (i.e., long-distance commutes); 

• Shift in employment for retail and personal service establishments that follow shifts in 
residential location; 

• Changes in densification and development patterns over time, both with and without 
the presence of an HST station; 

• Allocation of population and employment between currently developed and undevel-
oped areas within each county; and 

• Consumption of undeveloped or “raw” land to house projected population and 
employment growth. 

 1.2 Statewide and Regional Growth Effects 

Statewide population is expected to grow by about 33 percent between 2005 and 2030 
(Table 1.1).  Compared to the No-Project Alternative, the population growth is roughly 1.3 
to 1.4 percent higher for the HST Alternatives.  These population differences between alter-
natives represent the increased accessibility provided by the transportation investments; 
hence, an HST investment would lead to greater economic growth within the State than 
the No-Project Alternative.  These statewide figures follow the same general pattern at the 
regional level, with the exception of the North Central Valley, where population growth is 
about 2 to 3 percent higher for the HST Alternative than the No-Project Alternative.  San 
Diego County is also project to experience 4 to 5 percent higher population growth with 
the HST alternatives. 

The HST population growth rate represents a statewide increase of 500,000 people over 
the No-Project Alternative.  However, the greatest population increase is between 2005 
existing conditions and the 2030 No-Project Alternative, with relatively small increases in 
population growth occurring between alternatives in the year 2030.  Specifically, California 
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is projected to add about 12 million people between 2005 and the 2030 No-Project 
Alternative.  Compared to the No-Project Alternative, the Altamont HST Alternative is 
projected to add about 495,000 people, while the Pacheco HST Alternative is projected to 
add about 501,000 people. 

Table 1.1 Projected Population Growth Rate by Region 

Growth Rate (2005 to 2030) 

Region 
Year 2005 

Population 
No-Project 
Alternative 

Pacheco HST 
Alternative 

Altamont HST 
Alternative 

Alameda County 1,451,065 40.5% 41.4% 41.6% 

Contra Costa County 1,017,644 51.6% 52.3% 51.9% 

San Francisco County 741,025 7.4% 9.3% 8.1% 

San Mateo County 701,175 16.1% 17.1% 17.9% 

Santa Clara County 1,705,158 26.3% 28.1% 28.8% 

Study Area – Bay Area 5,616,067 30.8% 32.0% 32.2% 

Fresno County 878,089 47.8% 49.7% 49.5% 

Madera County 142,530 54.2% 61.1% 61.0% 

Merced County 242,249 80.8% 86.7% 84.7% 

Sacramento County 1,363,423 68.2% 69.1% 69.8% 

San Joaquin County 664,796 85.0% 86.7% 88.7% 

Stanislaus County 505,492 47.3% 50.0% 55.1% 

Study Area – Central Valley 3,796,579 63.9% 66.0% 67.1% 

Core Study Area 9,412,646 44.1% 45.7% 46.3% 

South Sacramento Valley 658,108 65.7% 66.0% 66.2% 

South San Joaquin Valley 1,311,579 51.7% 56.2% 56.1% 

Southern California 16,843,742 23.8% 24.6% 24.4% 

San Diego County 2,936,609 36.4% 41.2% 40.7% 

Rest of California 4,991,463 32.5% 32.6% 32.5% 

Statewide Total 36,154,147 33.1% 34.5% 34.4% 

Source: Cambridge Systematics, Inc., 2007. 

Statewide and regional employment growth rates are generally similar to the population 
growth rates, as shown in Table 1.2.  Statewide employment is projected to increase by 
37 percent under the No-Project Alternative, with an additional increase of 1.5 percent for 
the HST Alternative.  The HST employment growth rate represents a statewide increase of 
about 320,000 jobs over the No-Project Alternative, with the Pacheco and Altamont HST 
Alternatives having nearly identical levels of statewide employment growth.  As with 
population growth, however, this level of difference between the alternatives is very small 
compared to the overall level of growth represented by the No-Project Alternative relative 
to the 2005 existing conditions. 
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Table 1.2 Projected Employment Growth Rate by Region 

Growth Rate (2005 to 2030) 

Region 
Year 2005 

Employment 
No-Project 
Alternative 

Pacheco HST 
Alternative 

Altamont HST 
Alternative 

Alameda County 953,937 30.8% 32.0% 31.9% 

Contra Costa County 508,854 50.0% 51.2% 50.8% 

San Francisco County 779,357 25.2% 26.2% 25.9% 

San Mateo County 522,830 37.2% 38.4% 38.5% 

Santa Clara County 1,323,920 33.7% 34.8% 34.8% 

Study Area – Bay Area 4,088,898 33.9% 35.0% 34.9% 

Fresno County 435,769 35.2% 38.2% 38.0% 

Madera County 56,892 60.6% 69.0% 69.3% 

Merced County 87,365 31.7% 40.1% 38.5% 

Sacramento County 805,978 56.3% 57.4% 57.7% 

San Joaquin County 274,155 34.5% 37.0% 38.4% 

Stanislaus County 224,491 41.1% 44.2% 48.2% 

Study Area – Central Valley 1,884,650 45.4% 48.0% 48.7% 

Core Study Area 5,973,548 37.5% 39.1% 39.2% 

South Sacramento Valley 456,834 59.6% 60.4% 60.7% 

South San Joaquin Valley 576,935 40.1% 44.8% 44.6% 

Southern California 9,290,841 32.5% 33.8% 33.7% 

San Diego County 1,895,002 46.9% 49.3% 49.7% 

Rest of California 2,709,974 39.3% 40.1% 39.9% 

Statewide Total 20,903,134 36.9% 38.4% 38.4% 

Source: Cambridge Systematics, Inc., 2007. 

These modest statewide differences, however, conceal more substantial differences that 
are revealed by comparing some key differences at the regional and county levels:1 

• Compared to the No-Project Alternative, the HST Alternatives exhibit higher employ-
ment and population growth rates in all regions and all counties. 

• For the Pacheco HST Alternative, Madera and Merced Counties exhibit the largest 
relative increase in both population and employment, adding about 12,000 jobs and 
24,000 people compared to the No-Project Alternative.  Population and employment 
growth are also relatively strong in the other Central Valley locations, with relative 
employment growth larger than relative population growth. 

                                                      
1 Regional results for the HST Alternatives are expressed relative to the No-Project Alternative, 

unless noted otherwise. 
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• For the Altamont HST Alternative, Madera, Merced, and Stanislaus Counties exhibit 
the largest relative increase in both population and employment.  As with the Pacheco 
HST Alternative, population and employment growth also are relatively strong in the 
other Central Valley locations, with relative employment growth larger than relative 
population growth. 

• Model results suggest that the additional population growth in the HST Alternative is 
driven by internal job growth related to initiation of HST service, rather than popula-
tion shifts from the Bay Area and Southern California with commensurate long-
distance commuting.  Model results suggest a stronger propensity for redistribution of 
population within the Central Valley, with long-distance commuters relocating to 
lower cost and better positioned (for HST service) housing in areas such as Merced 
and Stanislaus Counties. 

• For the rest of California, the HST Alternative exhibits a small, yet positive growth rate 
for both population and employment. 

The HST Alternatives exhibit noticeable differences in the types of jobs that are attracted 
to different regions.  Table 1.3 depicts the percent of growth by major industry group for 
the increment of jobs that are induced by the two HST alternatives (i.e., job growth above 
and beyond the No-Project Alternative).  The HST Alternative exhibits a tendency to 
attract a higher proportion of jobs in the services; government; and finance, insurance, and 
real estate (FIRE) sectors.  The strongest employment sectors for the HST Alternatives tend 
to be the most compatible for location in higher-density settings, such as near potential 
HST sites. 

A variety of HST network, alignment, and station options were also evaluated in the Bay 
Area to Central Valley study area.  Population and employment growth levels across the 
study area are projected to be similar among all the options.  In general, systemwide 
growth inducement can be expected to change at similar rates to changes in ridership 
between HST Network Alternatives due to the close correspondence between HST rider-
ship, highway and air congestion reduction, and traveler benefits.  At a county and local 
level, growth inducement effects will be higher if a county has an HST station for a par-
ticular network alternative, and will decrease if no HST station is present.  Differences are 
most likely in cases where HST service is split among multiple Bay Area termini or termi-
nate in San Jose (for the Pacheco HST Alternative) or Union City (for the Altamont HST 
Alternative). 
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Table 1.3 Percent of Incremental Growth by Industry 
Years 2005 to 2030 

Farming and 
Mining 

Construction and 
Manufacturing TCU and Trade FIRE and Services Government 

Incremental Growth Rate for 
Induced Employment 

Pacheco 
HST 

Altamont 
HST 

Pacheco 
HST 

Altamont 
HST 

Pacheco 
HST 

Altamont 
HST 

Pacheco 
HST 

Altamont 
HST 

Pacheco 
HST 

Altamont 
HST 

Study Area – Bay Area 0% 0% 6% 5% 28% 29% 62% 63% 3% 3% 
Study Area – Central Valley 2% 2% 6% 4% 25% 21% 63% 68% 5% 4% 
Subtotal – Core Study Area  1% 1% 6% 5% 27% 25% 62% 66% 4% 4% 
Southern Sacramento Valley 1% 2% 10% 9% 34% 33% 50% 52% 6% 5% 
Southern San Joaquin Valley 5% 5% 4% 4% 20% 19% 66% 67% 4% 4% 
Southern California 0% 1% 6% 7% 27% 29% 62% 60% 4% 4% 
San Diego 0% 0% 4% 3% 32% 26% 59% 66% 4% 4% 
Rest of California 4% 4% 9% 10% 38% 45% 44% 36% 5% 6% 
Statewide Total 1% 1% 6% 5% 28% 27% 61% 62% 4% 4% 

Source: Cambridge Systematics, Inc., 2007. 
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 1.3 Local Growth and Land Consumption 

Urbanized areas in the Bay Area and northern Central Valley are expected to grow by 
39 percent between 2002 and 2030 under the No-Project Alternative, as shown in Table 1.4.  
This rate represents an increase of about 392,000 acres from today’s 1,001,000 acres within 
the core study area.  Urbanized area growth is expected to be an additional 2 percent 
(14,500 acres) higher for the Altamont HST Alternative and 1 percent (9,600 acres) higher 
for the Pacheco HST Alternative.  As with the population and employment growth, the 
level of difference between alternatives for urbanized area size is very small when com-
pared to the overall level of growth represented by the No-Project Alternative relative to 
the 2000 existing conditions. 

Table 1.4 Increase in Urbanized Area Size by Region 

Percent Increase (Year 2002 to 2030) 

Area 

Year 2002 
Urbanized 

Area Acreage 
No-Project 
Alternative 

Altamont Pass 
Alternative 

Pacheco Pass 
Alternative 

Alameda County 141,654 32% 33% 32% 
Contra Costa County 142,467 29% 30% 29% 
San Francisco County* 23,277 29% 30% 30% 
San Mateo County 70,869 13% 13% 14% 
Santa Clara County 184,481 13% 13% 15% 
Study Area – Bay Area 562,748 22% 23% 23% 
Fresno County 96,977 55% 58% 58% 
Madera County 23,255 56% 63% 62% 
Merced County 31,712 91% 96% 94% 
Sacramento County 157,101 51% 52% 52% 
San Joaquin County 74,250 96% 95% 97% 
Stanislaus County 55,426 34% 34% 39% 
Study Area – Central Valley 438,721 61% 62% 63% 
Core Study Area 1,001,469 39% 40% 41% 

Source: Cambridge Systematics, Inc., 2007. 
* Projected increases in urbanized area for San Francisco County are a function of the average den-

sities used to calculate employment acreage.  Because “greenfield” land is not available in San 
Francisco County, employment growth will need to be accommodated through densification and 
infill rather than through increases in urbanized area size implied in this table. 

In general, HST station areas will establish a relatively stronger market for commercial 
and office development than the No-Project and Modal Alternatives.  Research conducted 
for the Statewide Program EIR/EIS of urban rail systems in North America and the high-
speed rail systems in Europe and Asia supports this conclusion.  This research found that 
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industries needing large numbers of highly skilled and specialized employees are most 
attracted to rail station area development, and that a noticeable densification pattern is 
likely to emerge in the vicinity of many HST stations under regular real estate market 
forces. 

In fact, the research and analysis indicate that the considerably stronger draw of an HST 
station, when compared to a conventional intercity rail station or freeway interchanges, 
provides a potent tool for encouraging more compact development patterns.  These 
development patterns would likely offer many businesses a competitive advantage within 
their industry, because of close proximity to ancillary industries (i.e., industry clustering) 
and a well-educated labor force.  These advantages, known as economies of agglomeration, 
have emerged around the French and Japanese HST stations, and are accepted norms for 
land use planning for many urban transit station areas in Europe and North America. 

The research also found that regulatory-style efforts by cities to encourage increased den-
sity and a mix of land uses near rail stations have been effective in creating even denser 
developments.  A Central Valley city, for example, would have an easier time directing 
new development to downtown sites adjacent to their HST station than the outlying real 
estate markets created by freeway interchanges under the No-Project Alternative.  Further-
more, the strong markets around HST stations are likely to attract development that 
would otherwise locate throughout a dispersed suburban region.  Thus, development 
around HST stations will consist of both consolidation of currently projected growth 
(under the No-Project Alternative) and new regional employment and population associ-
ated with the HST Alternative. 

 1.4 Significance of Findings 

Overall, the No-Project and HST Network Alternatives represent very similar levels of 
growth effects in terms of urbanized area size and land consumption needs.  The incre-
mental effect of the HST Alternatives relative to the No-Project Alternative is very small 
when compared to the incremental effect of the No-Project Alternative relative to existing 
conditions. 

Analysis of results for individual counties largely follows these general statewide results.  
Nonetheless, the HST Alternatives do create some larger incremental growth in some 
Central Valley locations.  However, the incremental employment effect is much larger 
than the incremental population effect, suggesting that the HST Alternative does a better 
job at distributing employment throughout the State.  Also, this result suggests that HST 
will not lead to wholesale shifts in residential location from the Bay Area and Los Angeles 
into the Central Valley. 

Experiences in other countries have shown that an HST system can provide a location 
advantage to those areas that are in proximity to an HST station, while at the same time 
facilitating broader economic expansion for a much wider geographic region.  HST’s 
potential economic boost arises in two ways: 
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1. An HST system would provide user benefits (travel time savings, cost reductions, acci-
dent reductions) and accessibility improvements for California’s citizens; these user 
benefits can accrue not only to HST travelers, but also to travelers on other modes as 
trips are diverted from highways and airports resulting in reduced congestion. 

2. HST would improve accessibility to labor and customer markets, thereby, improving 
the competitiveness of the State’s industries and the overall economy.  With this sec-
ond effect, businesses that locate in close proximity to an HST station can operate more 
efficiently than businesses that locate elsewhere.  Experience from overseas suggests 
that this competitive advantage is quite pronounced in high-wage employment sectors 
that are frequently in high demand in many communities.  This second effect is much 
stronger for the HST Alternatives than the No-Project Alternative. 

One of the most telling summary statistics is to combine population and employment 
growth projections with land consumption forecasts, providing a measure of “land con-
sumed per new job and resident.”  Essentially, this metric tells us how efficient each alter-
native is at accommodating the projected growth; since the alternatives have very similar 
levels of overall growth, the efficiency by which that growth is accommodated becomes 
very important.  Table 1.5 provides the relevant data and resulting metric for each of the 
alternatives; lower values of the metric suggest greater efficiency.  The results indicate that 
the Pacheco HST Alternative is the most efficient of the alternatives, providing an incre-
mental development density that is 1.3 percent more efficient (i.e., less land per new job 
and resident) than the No-Project Alternative, while the Altamont Alternative is 
0.8 percent more efficient than the No-Project Alternative.  The efficiency gains for both 
HST alternatives are achieved in conjunction with the higher population and employment 
growth projections compared to the No-Project Alternative. 

Table 1.5 Marginal Land Consumption 

 
No-Project 
Alternative 

Pacheco HST 
Alternative 

Altamont 
HST 

Alternative 

Land Consumption (thousands of ac) 392 402 407 
Job Growth (thousands of jobs) 2,241 2,337 2,343 
Population Growth (thousands of people) 4,155 4,304 4,354 
Acres Consumed Per New Job and Resident* 0.0613 0.0605 0.0608 
Efficiency Gain/Loss Relative to No-Project 
Alternative 

– +1.3% +0.8% 

Source: Cambridge Systematics, Inc., 2007. 
*Value found by dividing land consumption by the sum of job growth and population growth. 
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 1.5 Conclusions 

All alternatives are associated with robust forecasts of population and employment 
growth throughout California.  The alternatives are similar in terms of potential economic 
growth effects and land consumption.  The major growth effect occurs for the No-Project 
Alternative in relation to existing conditions, with population and employment growth 
rates between 30 percent and 90 percent for nearly all counties. 

The major difference between the system alternatives relates to the relative level of 
employment and population growth in different regions of the State.  However, these 
relative differences are small, with a maximum county-level growth rate for the HST 
Alternatives (relative to the No-Project) of eight percent, and most counties having a dif-
ferential growth rate of less than three percent. 

In spite of these general findings, HST does provide synergistic opportunities to combine 
with regulatory-based development strategies that could limit land consumption in many 
counties to roughly the level needed for the other No-Project Alternative.  While the HST 
Alternative leads to modest statewide increases in employment and population, it chan-
nels this growth into the areas where it can be managed with regulatory-style land use 
policies, and spares the vast regions of the State that would otherwise be unlikely to 
develop the jobs/housing balance and infrastructure to reduce sprawl and long-distance 
commuting. 
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2.0 Baseline/Affected Environment 

 2.1 Employment and Population Patterns 

Over the last 30 years, California’s population has grown from 20 million to over 
36 million residents, while at the same time adding over 11 million jobs.  Starting with the 
Gold Rush in 1849, California has continuously experienced rapid population and eco-
nomic growth.  Distance from eastern urban areas, an abundance of natural resources, a 
desirable climate, and numerous other factors have contributed to California’s growth 
into the largest state in the nation. 

Though California’s economy is one of the most diverse in the world, as shown by the 
data in Table 2.1, over the last 30 years, its service sector has become the major economic 
motor increasing its participation over total employment from 21 to 36 percent during that 
period, while manufacturing and the government sectors decreased their participation 
from 18 to 9 percent and from 20 to 13 percent, respectively. 

Table 2.1 California Employment Growth by Industry 

Employment (1,000s) Industry Share 
Industry 1970 2005 Growth 1970 2005 
Farming 360 628 74% 4% 3% 
Mining, Construction 401 1,093 173% 4% 5% 
Manufacturing 1,595 1,835 15% 18% 9% 
Transportation, Communications 
and Utilities (TCU) 

486 915 88% 5% 4% 

Trade 1,801 4,159 131% 20% 20% 
Finance, Insurance and Real 
Estate (FIRE) 

724 1,929 166% 8% 9% 

Services 1,865 7,568 306% 21% 36% 
Government 1,825 2,778 52% 20% 13% 
Total 9,057 20,903 131% 100% 100% 

Source: Cambridge Systematics, Inc., 2007. 

Year 2005 employment data by industrial sector and region are shown in Table 2.2.  These 
data indicate the diversity in employment mix between different subregions within 
California.  California’s Central Valley is one of the most productive agriculture regions, 
making California the number one agricultural state for the last 50 years.  Nearly one-third 
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of all employment in the Central Valley is in agricultural-related enterprises, with nearly 
one-fifth of total employment in the South Central Valley directly in the farming industry.  
The Central Valley also exceeds the state average in government jobs, while trailing other 
regions in manufacturing and service-related employment. 

The Bay Area has long been a source of finance and high technology.  Gold Rush era 
financiers were headquartered in San Francisco, and much of the wealth generated during 
that period made its way through San Francisco’s financial center.  The Bay Area contin-
ues to be a financial center and was one of the major locations for the Internet boom of the 
late 1990s.  Silicon Valley has one of the largest concentrations of computer manufacturers 
and research and development firms in the country.  Currently, the Bay Area continues to 
lead the State in the percent of total jobs in service-related sectors, while trailing other 
regions in government-related employment. 

Los Angeles is the second largest metropolitan area in the U.S., behind New York.  Home 
to over 15 million residents, the Southern California region, which includes Los Angeles, 
Orange, and San Bernardino Counties, has developed from an agricultural and resort-
based economy to a diverse economy, including the major location for the motion picture 
industry, defense contracting, and services. 

Overall, California’s economy like the nation’s has become less focused on production of 
goods and more focused on services, entertainment, and trade.  These trends hold when 
one looks beyond employment numbers to the contribution of different industry groups 
to the overall size of the economy, as shown in Table 2.3.  Three service sector industries – 
business, social, and legal – are among the 10 fastest growing industries in California, with 
business services’ contribution to gross state product (GSP) growing by 1,400 percent 
since 1977.  The overall services sector grew by over 400 percent in real terms.  The ser-
vices and FIRE sectors accounted for nearly one-half of the growth in GSP since 1977, with 
the combined contribution of these groups growing from 31 to 55 percent of the total 
economy in California. 

As of 2005, California was estimated to have about 36 million residents and nearly 
21 million jobs.  Table 2.4 displays county-level population and employment totals for the 
individual counties and county groupings that were included in one of the analysis 
regions.  This table also displays an estimate of current urbanization magnitudes in each 
county for 2002.  As expected, the inner Bay Area Counties, Sacramento County, as well as 
Southern California have the highest current levels of urbanization, with most other 
counties in the State having less than 10 percent of land at urbanized densities.  All of 
these values serve as baseline estimates for the analysis of economic growth effects. 
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Table 2.2 Year 2005 Employment by Industrial Group 

 

Study 
Area – 

Bay Area 

% of 
Regional 

Total 

Study 
Area – 
Central 
Valley 

% of 
Regional 

Total 

Southern 
Sacramento 

Valley 

% of 
Regional 

Total 

Southern 
San 

Joaquin 
Valley 

% of 
Regional 

Total 
Southern 
California 

% of 
Regional 

Total San Diego 

% of 
Regional 

Total 
Rest of 

California 

% of 
Regional 

Total 
Statewide 

Total 

% of 
Regional 

Total 
Farming 52,986 1% 153,017 8% 23,496 5% 112,116 19% 134,414 1% 41,123 2% 110,438 4% 627,589 3% 
Mining 3,749 0% 1,214 0% 672 0% 10,023 2% 10,066 0% 1,158 0% 4,406 0% 31,288 0% 
Construction 200,188 5% 110,494 6% 35,876 8% 25,670 4% 445,411 5% 101,481 5% 142,577 5% 1,061,697 5% 
Manufacturing 414,079 10% 127,765 7% 25,702 6% 27,893 5% 891,553 10% 122,773 6% 225,106 8% 1,834,872 9% 
TCU 190,166 5% 75,965 4% 18,525 4% 25,136 4% 433,885 5% 60,648 3% 110,200 4% 914,524 4% 
Wholesale 179,813 4% 67,563 4% 16,841 4% 16,446 3% 507,724 5% 66,127 3% 117,540 4% 972,053 5% 
Retail 579,787 14% 297,432 16% 79,839 17% 82,911 14% 1,439,244 15% 285,675 15% 421,947 16% 3,186,834 15% 
FIRE 394,036 10% 149,453 8% 42,296 9% 30,336 5% 893,749 10% 172,543 9% 246,424 9% 1,928,837 9% 
Services 1,630,699 40% 550,584 29% 137,730 30% 135,745 24% 3,467,334 37% 684,891 36% 960,561 35% 7,567,544 36% 
Government 443,395 11% 351,163 19% 75,858 17% 110,659 19% 1,067,460 11% 358,582 19% 370,778 14% 2,777,895 13% 
Total 4,088,898 100% 1,884,650 100% 456,834 100% 576,935 100% 9,290,841 100% 1,895,002 100% 2,709,974 100% 20,903,134 100% 

Source: Cambridge Systematics, Inc., 2007. 
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Table 2.3 California Gross State Product by Major Industries 

Gross State Product 
(2005 Million Dollars) 

Industry 1977 2005 Growth 
Farming 14,897 17,773 19% 
Mining 6,814 7,441 9% 
Construction 25,542 58,768 130% 
Manufacturing 93,380 120,744 29% 
Transportation & utilities 41,065 48,008 17% 
Wholesale trade 37,236 71,109 91% 
Retail trade 54,708 87,517 60% 
FIRE 89,323 292,279 227% 
Services 80,983 405,608 401% 
Government 77,216 137,096 78% 
Total 521,163 1,246,343 139% 

Source: U.S. Bureau of Economic Analysis. 
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Table 2.4 Year 2005 Population, Employment, and Urbanized Densities 

Year 2005 Year 2002 

County Population Employment 

Acreage of 
Land at 

Urbanized 
Densities for 
Employment 

and/or 
Population 

Percent of 
Land Area at 

Urbanized 
Densities 

Alameda County 1,451,065 953,937 141,654 30 
Contra Costa County 1,017,644 508,854 142,467 31% 
San Francisco County 741,025 779,357 23,277 78% 
San Mateo County 701,175 522,830 70,869 25% 
Santa Clara County 1,705,158 1,323,920 184,481 22% 
Study Area – Bay Area 5,616,067 4,088,898 562,748 29% 
Fresno County 878,089 435,769 96,977 3% 
Madera County 142,530 56,892 23,255 2% 
Merced County 242,249 87,365 31,712 3% 
Sacramento County 1,363,423 805,978 157,101 25% 
San Joaquin County 664,796 274,155 74,250 8% 
Stanislaus County 505,492 224,491 55,426 6% 
Study Area – Central 
Valley 

3,796,579 1,884,650 438,721 12% 

Core Study Area 
Counties 

9,412,646 5,973,548 1,001,469 22% 

Southern Sacramento 
Valley 

658,108 456,834 116,980 4% 

Southern San Joaquin 
Valley 

1,311,579 576,935 189,603 2% 

Southern California 16,843,742 9,290,841 1,530,221 25% 
San Diego County 2,936,609 1,895,002 340,837 13% 
Rest of California 4,991,463 2,709,974 3,105,348 6% 
Statewide Total 36,154,147 20,903,134 6,284,458 6% 

 

 2.2 Alternatives Considered 

This economic growth analysis considered the three system alternatives developed for the 
Bay Area to Central Valley Program-Level Environmental Impact Report (EIR) and Tier 1 
Environmental Impact Statement (EIS).  These system alternatives included No-Project, 
and two High-Speed Train (HST) Network Alternatives.  The physical features of each 
alternative were followed in preparing the growth analysis.  Therefore, the following 
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descriptions of the three alternatives focus on the characteristics that most influence the 
growth analysis, including key assumptions regarding operational features.  Transporta-
tion demand results for each system alternative were derived using high end cost 
assumptions in the MTC Statewide High-Speed Rail Travel Demand Model. 

2.2.1 No-Project Alternative 

The No-Project Alternative represents the State’s transportation system (highway, air, and 
conventional rail) as it is today and with implementation of programs or projects that are 
in regional transportation plans and have identified funds for implementation by 2030.  
This alternative is depicted in Figure 2.1.  Chapter 2 of the Program-Level EIR/EIS 
describes general physical features of the No-Project Alternative in the year 2030. 

2.2.2 Altamont and Pacheco HST Alternatives 

The Authority has defined a proposed statewide high-speed train system capable of 
speeds in excess of 200 miles per hour on dedicated, fully grade-separated tracks, with 
state-of-the-art safety, signaling, and automated train control systems.  Steel-wheel on 
steel rail technology will be considered for the system that would serve the major metro-
politan centers of California (extending from Sacramento and the San Francisco Bay Area 
through the Central Valley, to Los Angeles and San Diego).  A specific system of corridors 
was defined and considered to establish the ridership forecasts.  These corridors reflect the 
Authority’s adoption of certain alignment and station preferences following completion of 
the Statewide Program EIR/EIS.  This current analysis is focused on the portion of the 
statewide system between the Bay Area and Central Valley, with multiple alignment and 
station options available for Altamont Pass and Pacheco Pass alternatives.  These HST 
alignment and station options are depicted in Figure 2.2. 

Quantitative analysis of induced growth and secondary impacts was performed on one 
HST network alternative each for the Altamont Pass and Pacheco Pass.  For both HST 
alternatives, quantitative modeling was performed using the alignments for the San 
Francisco and San Jose termini (Network Alternatives A1 and P11) since prior studies 
conducted by the HSRA suggested that these termini are likely to produce the highest 
system ridership, and hence the highest potential for induced growth and secondary 
impacts.  Within the core study area, the following HST stations were included in the 
network alternatives used for quantitative modeling: 

                                                      
1 Bay Area to Central Valley Program Level EIR and Tier 1 EIS, Chapter 2, Table 2.5-1. 
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Figure 2.1 No-Project Alternative – California Transportation System 
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Figure 2.2 Altamont and Pacheco HST Alternatives 
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• Pacheco Pass.  Transbay Transit Center; Millbrae-SFO; Redwood City; San Jose (Diridon 
Station); Morgan Hill; Gilroy; Merced (SP Downtown); and Modesto (Amtrak 
Briggsmore). 

• Altamont Pass.  Transbay Transit Center, Millbrae-SFO, Redwood City, Fremont (Warm 
Springs), San Jose (Diridon Station), Pleasanton (I-680/Bernal Road), Tracy (SP), 
Modesto (SP Downtown), and Merced (SP Downtown). 

2.2.3 Service Phasing 

Economic growth effects in any given year are sensitive to the length of time over which 
changes in economic conditions are assumed to occur.  In terms of this analysis, the num-
ber of jobs or people that will be generated in an area in 2030 is sensitive to the year in 
which HST service or some other transportation service is assumed to first be available to 
that area.  For both HST Alternatives, HST service along a trunk line between the Bay 
Area and LAUS was assumed to begin on January 1, 2016.  Service to Irvine, San Diego 
and Sacramento was assumed to begin on January 1, 2019 for all alignment options. 
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3.0 Evaluation Methodology 

 3.1 Overview of Methodology 

The analytical process to estimate the economic growth effects of the system alternatives 
requires significant modeling tools and data.  Nonetheless, the entire process, which is 
depicted in Figure 3.1, can be summarized by a few key steps: 

• Define transportation investments – This analysis considers the two HST alternatives 
described in Section 2.0.  Within this analysis, the future baseline conditions are 
assumed to represent the No-Project Alternative, and the economic modeling process 
is used to forecast the incremental changes of the Altamont and Pacheco HST Network 
Alternatives. 

• Estimate transportation benefits – Using results from the HSRA’s intercity travel 
demand model, estimate benefits such as reduced travel times and/or costs of each 
system alternative for air, highway, or conventional rail trips.  The quantification of 
travel time, cost, accessibility, and societal (pollution or accident reduction) benefits 
reflects the mobility enhancement provided through improved system performance of 
non-HST modes, as well as the  additional travel option of the HST Alternatives. 

• Estimate direct economic impacts – Direct economic impacts, which are generated 
from the transportation benefits of each alternative, generally fall into one of four 
categories: 

1. Business cost savings – Reductions in travel time and/or cost for long-distance 
business travelers and commuters benefiting from the transportation improvements; 

2. Business attraction effects – New and relocated firms taking advantage of market 
accessibility improvements provided through transportation investments; 

3. Amenity (quality of life) changes – Non-business travel time and other societal 
benefits improve the attractiveness of a region; and 

4. Household out-of-pocket savings – Better modal alternatives and improved levels 
of service lower household expenditures on fares, vehicles, fuel, and maintenance. 
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Figure 3.1 Evaluation Methodology
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• Determine total regional economic impacts – Many of the direct economic impacts 
have the potential to create additional multiplier effects on the regional and statewide 
economies of California.  Total regional impacts were estimated using the TREDIS 
framework, which includes a model of California’s economy1 and a business attraction 
model (BAM) that adjusts for market access change.  For this analysis, total economic 
impacts include population and industry-specific employment, with impacts fore-
casted for the 11 counties in the core study area and the remaining five multicounty 
regions. 

• Estimate land consumption – County-level population and employment were allo-
cated throughout each county to determine the infill potential and magnitude of cur-
rently undeveloped land needed to accommodate growth for each alternative.  This 
analysis was driven by three key pieces of information: 

1. Local land use, zoning, and employment data; 

2. National and international experience with station-area development trends 
related to HST and fixed guideway transit; and 

3. County-level industry employment and population estimates. 

The remainder of Section 3.0 is divided into two parts that focus on statewide and regional 
growth effects (i.e., population and employment estimates); and local and station area 
growth effects (i.e., land consumption). 

 3.2 Statewide and Regional Growth Effects 

3.2.1 Evaluation Elements 

This section is organized into three parts.  The first part describes the development of 
population and employment forecasts to represent the No-Project Alternative to use as 
input to the economic modeling process.  The second part summarizes the concepts that 
underlie how transportation improvements lead to economic benefits for the Altamont 
and Pacheco HST Alternatives.  The third part describes how travel time, cost, and acces-
sibility changes lead to the four categories of direct economic benefits and, ultimately, to 
total economic benefits. 

                                                      
1 Transportation and Economic Development Impact System (TREDIS) is an integrated framework 

that combines a businesses attraction model and an economic model for the California economy 
and subregions.  The economic model combines input-output, cost/response, and trend-
forecasting elements. 
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Base Forecasts for Population and Employment 

The growth effects analysis requires forecasts of future population and employment for 
analysis year 2030.  As noted previously, this forecast represents the No-Project Alternative 
for the analysis year, and is also used as an economic modeling input to estimate incre-
mental population and employment changes of the other system alternatives.  Given the 
products required from this analysis, it was necessary to develop county-level population 
and employment forecasts for 2030, with employment broken out by one-digit Standard 
Industrial Classification (SIC) codes.  Baseline population forecasts for each county were 
taken from the California Department of Finance.  Baseline employment forecasts were 
taken from the California Statewide High-Speed Rail Travel Demand Model, and aggre-
gated to the county level.  Table 3.1 shows population and employment forecasts. 

Table 3.1 Population and Employment Forecasts for the  
No-Project Alternative 

2005 2030 
County Population Employment Population Employment 

Alameda County 1,451,065 953,937 2,038,482 1,247,413 

Contra Costa County 1,017,644 508,854 1,543,053 763,445 

San Francisco County 741,025 779,357 796,208 975,823 

San Mateo County 701,175 522,830 814,065 717,526 

Santa Clara County 1,705,158 1,323,920 2,152,963 1,769,498 

Study Area – Bay Area 5,616,067 4,088,898 7,344,771 5,473,705 

Fresno County 878,089 435,769 1,297,476 589,226 

Madera County 142,530 56,892 219,832 91,364 

Merced County 242,249 87,365 437,880 115,054 

Sacramento County 1,363,423 805,978 2,293,028 1,259,792 

San Joaquin County 664,796 274,155 1,229,757 368,745 

Stanislaus County 505,492 224,491 744,599 316,686 

Study Area – Central Valley 3,796,579 1,884,650 6,222,572 2,740,867 

North Central Valley* 9,412,646 5,973,548 13,567,343 8,214,572 

Southern Sacramento Valley 658,108 456,834 1,090,299 729,293 

Southern San Joaquin Valley 1,311,579 576,935 1,989,111 808,196 

Southern California 16,843,742 9,290,841 20,844,795 12,308,179 

San Diego County 2,936,609 1,895,002 4,005,624 2,783,258 

Rest of California 4,991,463 2,709,974 6,613,499 3,774,366 

Statewide Total 36,154,147 20,903,134 48,110,671 28,617,864 

Source: Cambridge Systematics, Inc., 2003. 
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Benefits of Transportation Improvements for the HST Alternatives 

Economic analyses of transportation investments necessarily begin with a clear conceptual 
estimate of changes to transportation demand and service levels (i.e., travel times and 
costs) over time and between alternatives.  These demand and service level changes lead 
to different types of economic benefits.  The primary benefits that were considered in this 
analysis include the following: 

• Mode shift benefits (travel time and cost savings, induced trips) – Benefits for users 
of the HST system were estimated separately by trip purpose for intercity and intrare-
gional trips.  The benefits essentially compare the out-of-pocket travel costs, travel 
times, and special features by mode, as well as travelers’ inherent modal preferences 
to discern the benefits of transportation improvements2.  These benefits are quantified 
through a process known as a log sum calculation.  This process closely follows proce-
dures employed on earlier HST studies.3  The computation methodology is described 
in more detail in Appendix A. 

Travel efficiency benefits are also generated by induced trips.4  Since these new travel-
ers were previously content not to travel, the average user benefit for induced trips is 
less than for those who switch mode from air, highway, or conventional rail to HST.  
Using consumer surplus theory, the average benefit for induced travel is one-half the 
benefit for a similar county-to-county trip for a mode switcher.  Estimation of induced 
trips uses a weighted average of switchers from automobile and air, based on the pro-
portion of induced trips using each of these modes. 

• Congestion reduction benefits (auto and air delay savings, air operating cost sav-
ings) – To the extent that HST diverts traffic from highways and airports to HST, it 
frees up highway and airport capacity, and leads to travel efficiency benefits in the 
form of reduced travel times.  The potential for reduced highway delay was forecasted 
directly in the MTC Statewide High-Speed Rail Travel Demand Model.  Diversion of 

                                                      
2 As an example, an HST trip between San Francisco and Los Angeles may take slightly more time 

than traveling by air, but be less expensive enough to make HST an attractive option.  Conversely, 
when compared to an auto trip on the highway, HST is likely more expensive, but typically 
reduces travel times between cities in California.  In addition, some travelers value the 
productivity (e.g., ability to read, work on a computer, use a cell phone); comfort (e.g., eat, meet 
people, travel in comfort); and/or safety (e.g., avoid accidents or the fear of accidents) provided 
by HST on top of pure travel time and cost considerations.  Finally, the calculation estimates the 
benefit that travelers receive by having an additional travel option from which to choose. 

3 Independent Ridership and Passenger Revenue Projections for High-Speed Rail Alternatives in California, 
Appendix C, Charles River Associates, January 2000.  Economic Impact and Benefit/Cost of High-
Speed Rail for California, Final Report, Economics Research Associates, September 1996.  Economic 
Growth Effects of the System Alternatives for the Program Environmental Impact Report/Environmental 
Impact Statement, California High-Speed Rail Authority, July 2003. 

4 Induced trips are generated by the enhanced mobility option provided by HST, whereby, travel 
that normally would not occur will now be made due to the presence of HST. 
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trips from air to HST was assumed to lead to a reduction in in-state flights, thereby, 
decreasing delay at California airports for remaining flight operations.  These air delay 
reductions would provide benefits to travelers and the airline industry due to reduced 
aircraft operating delays. 

Further details on these procedures are provided in Appendix B. 

• Market accessibility benefits (labor, customer, buyer, and supplier) – Beyond pure 
travel efficiency benefits, HST may also generate additional economic activity due to 
better access to labor, supplier, and consumer markets.  Simply, if a region gains new 
or better access to these factors of production (and consumption), then the increased 
productivity may induce existing firms to expand, or outside firms may be attracted to 
the area.  As such, improvements in accessibility interact with local economic characteris-
tics, including land and labor costs and workforce characteristics, to determine the 
overall level of economic benefit associated with improved transportation networks.  
The business attraction analysis uses specific measures of accessibility to estimate the 
magnitude of these impacts.  Accessibility is measured not based on the number of 
trips, but rather by the increased reach to population, employment centers, and other 
attractions (e.g., airports) afforded through improved travel times and lower costs.  
Access to consumer markets, for example, is defined as the number of people that can 
be reached within 60 minutes, while the threshold for producer markets is 90 minutes.  
The entire market accessibility and business attraction process is described in 
Appendix C. 

• Societal benefits (accidents, air quality) – Any auto travel reductions for the HST 
Alternative could lead to secondary societal benefits, including reduced highway air 
pollution and reduced highway crash costs.  These benefits were estimated by multi-
plying projected reductions in highway vehicle-miles traveled (VMT) by estimates of 
the marginal societal cost of auto crashes and air pollution.  This analysis relied on 
marginal costs that were assumed in previous HST studies,5 including $0.07 per VMT 
(2005 dollars) for auto crashes and $0.009 per VMT (2005 dollars) for pollution. 

Transportation benefits were forecasted largely through application of the MTC Statewide 
High-Speed Rail Travel Demand Model, as indicated in Appendices A through C.  Quan-
titative analysis of induced growth was performed on specific HST Network Alternatives 
for the Altamont Pass and the Pacheco Pass. 

The potential induced growth effects of other alignment and station options were assessed 
qualitatively by comparing travel demand model results, reviewing comparable results 
from the Final Statewide Program EIR/EIS6, and professional experience. 

                                                      
5 Independent Ridership and Passenger Revenue Projections for High-Speed Rail Alternatives in California, 

Appendix C, Charles River Associates, January 2000. 
6 Economic Growth Effects of the System Alternatives for the Program Environmental Impact Report/

Environmental Impact Statement, California High-Speed Rail Authority, July 2003. 
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Direct Economic Effects 

Each of the benefits described above enters one of four input variables in the TREDIS 
framework as described below and depicted in Figure 3.2: 

1. Production cost savings by industry – Dollar value of cost savings due to improved 
HST, air, and highway travel; 

2. Business attraction benefits by industry – Number of new employees by industry, 
phased in over 10 years; 

3. Household out-of-pocket savings – Dollar amount saved by households from lower 
fares, less fuel consumption, and reduced accidents; and 

4. Amenity changes by region – Dollar value of societal benefits that increase the livabil-
ity and attractiveness of California regions. 

The direct benefits described above were estimated for each HST alignment scenario as 
compared to the No-Project Alternative.  The TREDIS model was then used to estimate 
total impacts.  Results reflect analysis year 2030 and are shown in detail in Appendix D. 

Production Cost Savings 

The business trip portion of the travel efficiency benefits leads to production cost savings 
in terms of increased competitiveness, increased profitability, and the expansion of firms 
already located in California.  Production cost savings can be thought of as a first-order, or 
direct economic effect, as these benefits accrue directly to California firms simply by using 
a more efficient means of travel.7  Note that for businesses, both travel time savings and 
other cost savings (on such things as fares, fuel, and maintenance) lead to lower produc-
tion costs. 

Production cost savings in this analysis arise from four sources: 

1. Mode shift benefits for business travelers and commuters, both intercity and 
intraregional; 

2. Air and highway congestion savings for business travelers; 

3. Accident reductions for business travelers; and 

4. Aircraft operation cost savings, which accrue only to the air transportation industry. 

                                                      
7 It is important to distinguish between the technical definition of productivity in economics and 

the use of the term in this context.  The mobility option of working while one travels does not 
change the underlying mix of labor and capital that businesses use to produce a unit of goods or 
services.  This mix of production factors (which also includes energy) determines a business’ 
productivity. 
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Figure 3.2 How Benefits Accrue to TREDIS Inputs
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Though all of the HST user benefits estimated for business travelers are considered pro-
duction cost savings in TREDIS, only one-half of the commute benefit is treated as pro-
duction cost savings.  The remainder is treated as a time savings to households, and 
therefore accrues to the amenity input category.  This assumption is consistent with the 
urban planning literature and economic research. 

For intercity travel, the production cost savings were allocated one-half to origin counties 
and one-half to destination counties.  The savings are then allocated to industries within 
each region to perform the economic impact analysis8.  The allocation of cost savings to 
industries is based on the following key factors: 

• Industry size – Employment and output by region and industry; and 

• Transportation usage by mode by industry from the Transportation Satellite Accounts9. 

Business Attraction 

A potential also exists for firms to change their location and expansion decisions based 
upon improved accessibility afforded by the HST Alternatives.  These business attraction 
effects include the siting of new activities that would otherwise be located outside the HST 
regions, either elsewhere in California or elsewhere in the U.S.  These business attraction 
effects are driven by improvements in accessibility to customers, workers, and interna-
tional airports.  These improvements have the effect of expanding the effective market 
areas of HST regions, reducing costs associated with accessing non-local markets, or 
reducing costs and improving quality of available inputs.  These improvements are key 
factors in shaping business growth in an area.  A business attraction model (see Appendix C) 
was applied to capture how incremental improvements in market access and cost interact 
with the existing local economic base and characteristics to generate new employment in 
the HST regions. 

Quality of Life/Amenity 

Several transportation benefits do not directly affect business competitiveness, but still 
provide meaningful, quantifiable benefits that affect the quality of life and attractiveness 
of the State.  This analysis incorporated the following four categories of benefits into an 
“amenity” component for economic modeling purposes: 

                                                      
8 The TREDIS model of California’s economy has 55 industrial sectors (most at 3-digit NAICS). 
9 The most up-to-date Transportation Satellite Accounts were used in this study.  They are jointly 

produced by the U.S. Bureau of Transportation Statistics and the U.S. Bureau of Economic Analysis. 
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1. The time component of mode shift benefits for non-business travelers, both intercity 
and intraregional; 

2. Air and highway congestion savings for non-business travelers; 

3. Commuter highway congestion reductions (portion not accruing to production cost sav-
ings); and 

4. Air pollution reductions from changes in highway VMT. 

The first category of benefits is a composite of travel time and cost savings.  It was sepa-
rated into value-of-time and out-of-pocket components based on average incomes in each 
region.  Only the value-of-time component was included in the amenity variable. 

The amenity variable captures personal time and quality of life benefits that are perceived 
by local residents to have a value, although they do not directly affect the flow of dollars 
in the economy.  As such, increases in a regional amenity may yield a greater quality of 
life, thereby, attracting more residents and increasing property values.  In this analysis of 
growth effects for the Bay Area to Central Valley Program EIR/EIS, the amenity variable 
is included in the analysis of population and employment impacts to provide an upper 
limit of land use impacts for each HST alternative.  As with production cost savings, the 
amenity benefits are allocated one-half to origin counties and one-half to destination 
counties. 

Household Out-of-Pocket Savings 

Finally, transportation improvements affect household spending patterns.  In particular, 
savings in fares, fuel, maintenance, and vehicles frees up more disposable income for 
households, which may then be spent on other goods and services.  This distinction 
between household out-of-pocket benefits and amenity benefits is important.  While both 
benefits accrue to households, the out-of-pocket savings benefit local businesses through 
increased consumer spending; whereas, the amenity benefits have no direct economic link 
to local businesses.  This analysis recognizes two sources of household out-of-pocket savings: 

1. The cost component of mode shift for non-business travelers, both intercity and intra-
regional; and 

2. Non-business accident reduction. 

The first category includes the portion of mode shift benefits not allocated to the amenity 
input category. 

Public Financing Effects of the Modal Alternative 

In any analysis of proposed public investments, it is important to consider the potential 
sources of public financing and how they may affect future public revenue needs (i.e., 
government expenditures) and consumer spending.  The HST Network Alternative is 
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projected to have significant capital costs in excess of the costs needed to fund the No-
Project Alternative.  For the purposes of this analysis, it was assumed that the total cost of 
the HST Network Alternative would be funded through revenue sources that would not 
require direct tax increases or significant diversion of general fund revenues.  Examples of 
these revenue sources include general obligation bonds10; Federal grants or loans; private 
sector participation; local funds (from existing sources); and existing state transportation 
revenue sources (e.g., gas tax, sales tax on gas).  The net effect of this assumption is that 
the induced growth and secondary impacts presented in this section are in no way influ-
enced by whatever financing plan is eventually established for a potential HST system. 

3.2.2 Evaluation Process 

Total Regional Economic Impacts 

The various direct economic effects are used as inputs to the TREDIS framework.  The 
economic model used in this study is a 16-region model composing the State of California, 
with 55 industry-sector detail – similar to models used throughout the State and in earlier 
versions of the HST study.  Each regional model contains information about industry pro-
duction, employment, trade, and household consumption, as well as about how industries 
respond to changes in transportation costs.  Total effects are calculated based on the inter-
connected response of a region’s entire economy to a direct economic “shock.”  While the 
TREDIS model provides a number of industry-specific results, the present study focuses 
on employment by industry as its primary result.  Population impacts were then esti-
mated for each region based on the employment results, amenity effects, accessibility 
impacts, and other region-specific variables. 

Economic Analysis Regions 

California’s 58 counties were grouped into 16 regions for the economic analysis in order to 
reflect the presence of components of the HST Alternatives in a county, while providing 
detail within the primary study area for the Bay Area to Central Valley Program-Level 
EIR/EIS.  The regions also reflect the economic interdependence among some counties 
and relate to widely recognized geographic regions in California.  The five counties that 
comprise the core study area within the Bay Area (Alameda, Contra Costa, San Francisco, 
San Mateo, and Santa Clara) were kept as separate economic modeling regions in order to 
better simulate the population and employment growth effects for each system alterna-

                                                      
10 The debt service on General Fund State Revenue bonds often is paid through a commitment of 

the general fund revenue with no additional tax or other revenue source.  A preliminary analysis 
by the project team suggests that the annual debt service on a $10 billion bond may be within the 
range of the State’s historical and future bonding patterns.  While this source of funding does not 
directly increase taxes, it does divert state expenditures from budget items to debt service.  
Nevertheless, this diversion is not assumed in this analysis to result in any significant reduction 
in state expenditures. 
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tive.  A similar process was followed for the six counties that comprise the core study area 
within the Central Valley.  The counties grouped into Southern Sacramento Valley, Southern 
San Joaquin Valley, Southern California, and San Diego regions were gathered based on 
economic relationships between the counties.  With the exception of the Southern 
Sacramento Valley, all of these regions were identified for direct HST service in the Final 
Statewide Program EIR/EIS.  The counties gathered as rest of California would not be 
directly served by any of the HST alternatives.  The county groupings that comprise these 
regions are displayed in Figure 3.3. 

The regions and associated counties, which are displayed in Figure 3.3, are the following: 

• Core Study Area – Bay Area: 

- Alameda County, 

- Contra Costa County, 

- San Francisco County, 

- San Mateo County, and 

- Santa Clara County; 

• Core Study Area – Central Valley: 

- Fresno County, 

- Madera County, 

- Merced County, 

- Stanislaus County, 

- San Joaquin County, and 

- Sacramento County; 

• Southern San Joaquin Valley:  Kern, Kings, and Tulare Counties; 

• Southern California:  Los Angeles, Orange, Riverside, and San Bernardino Counties; 

• San Diego County; 

• Southern Sacramento Valley:  El Dorado, Placer, Sutter, Yolo, and Yuba Counties; and 

• Rest of California:  Remaining 34 counties not included in any of the other 15 regions. 
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Figure 3.3 Regions Used for Economic Modeling 

 
 

 3.3 Local and Station Area Analysis 

The county-level population and employment forecasts served as a key input for con-
ducting a detailed assessment of potential local and station area growth effects.  This local 
area analysis focused on the concept of land consumption, or the amount of currently unde-
veloped land that would be needed to accommodate projected growth in each county.  
Essentially, the analysis provided an estimate of the population and employment growth 
that can fit within the currently urbanized areas of each county, and additional acreage of 
currently undeveloped land that would need to be converted to urbanized densities to 
accommodate any remaining growth. 

The analysis of these localized effects was guided to a large extent by international experi-
ence in HST station area development, and a more fine-grained analysis of the effects of 
population and employment growth and development pattern changes on the land area 
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required to accommodate urban functions.  This work was organized into the following 
two basic steps: 

1. Estimation of land area required to accommodate forecast employment growth for 
each alternative; and 

2. Estimation of the land area required to accommodate forecast population growth (resi-
dential land use) for each alternative. 

The general analysis steps, which incorporate work undertaken for the Statewide Program-
Level EIR/EIS, are depicted in Figure 3.4 and discussed in the following sections. 

Figure 3.4 Land Consumption Analysis Process
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Estimation of Employment-Related Land Requirements 

Estimates of land required to accommodate employment uses were developed using a 
statistical analysis based on current development patterns in the State of California, 
adjusted to reflect expected densification trends over time.  The approach provides an 
estimate of the employment growth that can fit within the currently urbanized areas of 
each county, and the consumption of currently undeveloped land for any remaining 
employment growth.  The approach is sensitive to differences in development patterns 
between areas within California, development needs and history by industry, density 
potential based on location within an urban area, and density patterns related to either 
market conditions or regulatory strategies. 
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The analytical process consisted of the following three main steps: 

1. Development of an employment density profile – This profile, which was developed 
using zip code-level employment data, expressed the range of current employment 
densities by industrial class for different county groupings and specific subregions 
within the counties.  This profile was developed during preparation of the economic 
growth effects analysis for the Statewide Program-Level EIR/EIS. 

2. Employment allocation – Forecasted employment was allocated to subregions in each 
county in a step-wise fashion through the use of the density profiles and the existing 
employment in each county. 

3. Land consumption tabulation – Employment acreage requirements were estimated 
for each county by comparing the urbanized acreage for employment-related land use 
in each future year with the current urbanized acreage. 

This process is described in greater detail in Appendix E. 

Estimation of Residential Land Requirements 

The California Urbanization and Biodiversity Analysis (CURBA) model was used to allo-
cate population growth to various locations in each county, and to predict raw land con-
sumption resulting from residential construction.  CURBA is a spatial decision support 
system developed within the ESRI ArcGIS software package by the University of California 
at Berkeley’s Institute of Urban and Regional Development. 

CURBA uses a number of historically-calibrated spatial statistical models to assign pro-
jected population residential growth to various locations in and around the existing urban 
area.  By modifying CURBA’s employment distribution, infill allocation, and raw land 
development densities to reflect information generated as part of the employment analy-
sis, the package was used to estimate the nature and amount of raw land consumption 
under the various alternatives.  The basic steps in the residential analysis included the 
following: 

• Model calibration – A spatial-statistical model of historical development patterns was 
calibrated using detailed land coverage inventories from the California Department of 
Conservation. 

• Development probabilities – A binomial logit model was used to estimate develop-
ment probability for undeveloped sites based on a site’s job accessibility, physical and 
land use constraints, characteristics of adjacent sites, and local land use policies and 
regulations. 

• Residential infill and redevelopment – A cross-sectional regression model was used 
to relate current county infill shares to remaining supplies of undeveloped land, and 
then project population shares for future analysis years. 
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• Growth allocation – Another cross-sectional regression model was used to project 
land use densities in each county based on remaining supplies of undeveloped land.  
Population growth was then allocated to individual sites in order of development 
probabilities until all population growth is accommodated. 

This iterative process is described in greater detail in Appendix F. 
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4.0 Statewide and Regional Growth 
Effects 

This chapter describes results of the statewide and regional economic modeling process 
for the year 2030.  The key results presented in this chapter include county- and regional-
level population and employment forecasts for each HST Alternative.  The first section 
compares each system alternative in terms of statewide population and employment, 
while the second section compares the alternatives in terms of regional- and county-level 
forecasts.  The third section compares results for the HST network, alignment, and station 
options in the Bay Area to Central Valley study area.  The fourth section compares these 
results to ones calculated for the Statewide Program-Level EIR/EIS.  Finally, the fifth sec-
tion provides an overview of the significance of these population and employment fore-
casts.  The discussion in this chapter is supplemented by detailed tables of employment 
forecasts by industry group in Appendix G. 

 4.1 Statewide Comparison of System Alternatives 

Table 4.1 displays year 2030 population and employment forecasts for the No-Project 
Alternative and the two HST Network Alternatives.  Table 4.2 displays population and 
employment growth rates for the year 2030; the growth rates in these tables are referenced 
to 2005 existing conditions.  Table 4.3 compares growth rates for HST Alternatives relative 
to the No-Project Alternative for the year 2030. 

4.1.1 No-Project Alternative 

On a statewide basis, population is projected to increase by about 12 million, which repre-
sents a 33 percent rise between 2005 and 2030.  The long-term growth rate averages to 
about 1.2 percent (0.5 million) annually, which is less than California’s 1.8 percent annual 
population growth rate since 1970, but consistent with long-term population forecasts by 
the California Department of Finance and the U.S. Census Bureau. 

Employment growth rates are somewhat similar, with jobs increasing by about 7.7 million 
(37 percent) between 2005 and 2030.  The long-term growth rate averages about 
1.3 percent (0.26 million) per year, which is one-half of the 2.6 percent annual employment 
growth rate since 1970. 
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Table 4.1 Year 2030 Employment and Population 

Employment Population 
2030 2030 

Region 
2005 

Conditions 
No-Project 
Alternative 

Pacheco HST 
Alternative 

Altamont 
HST 

Alternative 
2005 

Conditions 
No-Project 
Alternative 

Pacheco HST 
Alternative 

Altamont 
HST 

Alternative 

Alameda County 953,937 1,247,413 1,259,563 1,257,894 1,451,065 2,038,482 2,051,196 2,054,014 

Contra Costa County 508,854 763,445 769,521 767,521 1,017,644 1,543,053 1,549,526 1,546,206 

San Francisco County 779,357 975,823 983,634 981,068 741,025 796,208 809,680 801,192 

San Mateo County 522,830 717,526 723,835 723,899 701,175 814,065 821,063 826,885 

Santa Clara County 1,323,920 1,769,498 1,785,181 1,784,281 1,705,158 2,152,963 2,183,649 2,196,405 

Study Area – Bay Area 4,088,898 5,473,705 5,521,734 5,514,663 5,616,067 7,344,771 7,415,114 7,424,702 

Fresno County 435,769 589,226 602,155 601,294 878,089 1,297,476 1,314,824 1,312,891 

Madera County 56,892 91,364 96,173 96,293 142,530 219,832 229,648 229,492 

Merced County 87,365 115,054 122,374 121,040 242,249 437,880 452,166 447,409 

Sacramento County 805,978 1,259,792 1,268,687 1,271,311 1,363,423 2,293,028 2,305,071 2,314,484 

San Joaquin County 274,155 368,745 375,491 379,476 664,796 1,229,757 1,241,285 1,254,281 

Stanislaus County 224,491 316,686 323,679 332,624 505,492 744,599 758,256 783,839 

Study Area – Central Valley 1,884,650 2,740,867 2,788,559 2,802,038 3,796,579 6,222,572 6,301,250 6,342,396 

Core Study Area 5,973,548 8,214,572 8,310,293 8,316,701 9,412,646 13,567,343 13,716,364 13,767,098 

South Sacramento Valley 456,834 729,293 732,903 733,942 658,108 1,090,299 1,092,658 1,093,615 

South San Joaquin Valley 576,935 808,196 835,245 833,977 1,311,579 1,989,111 2,048,889 2,047,375 

Southern California 9,290,841 12,308,179 12,435,533 12,421,683 16,843,742 20,844,795 20,988,962 20,950,544 

San Diego County 1,895,002 2,783,258 2,828,805 2,837,183 2,936,609 4,005,624 4,147,239 4,132,577 

Rest of California 2,709,974 3,774,366 3,795,828 3,791,032 4,991,463 6,613,499 6,618,328 6,614,836 

Statewide Total 20,903,134 28,617,864 28,938,605 28,934,518 36,154,147 48,110,671 48,612,439 48,606,045 

Source: Cambridge Systematics, Inc., 2007. 
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Table 4.2 Year 2030 Employment and Population 
Percentage Change from Year 2005 Existing Conditions 

Employment Population 

Region 
No-Project 
Alternative 

Pacheco 
Alternative 

Altamont 
Alternative 

No-Project 
Alternative 

Pacheco 
Alternative 

Altamont 
Alternative 

Alameda County 30.8% 32.0% 31.9% 40.5% 41.4% 41.6% 

Contra Costa County 50.0% 51.2% 50.8% 51.6% 52.3% 51.9% 

San Francisco County 25.2% 26.2% 25.9% 7.4% 9.3% 8.1% 

San Mateo County 37.2% 38.4% 38.5% 16.1% 17.1% 17.9% 

Santa Clara County 33.7% 34.8% 34.8% 26.3% 28.1% 28.8% 

Study Area – Bay Area 33.9% 35.0% 34.9% 30.8% 32.0% 32.2% 

Fresno County 35.2% 38.2% 38.0% 47.8% 49.7% 49.5% 

Madera County 60.6% 69.0% 69.3% 54.2% 61.1% 61.0% 

Merced County 31.7% 40.1% 38.5% 80.8% 86.7% 84.7% 

Sacramento County 56.3% 57.4% 57.7% 68.2% 69.1% 69.8% 

San Joaquin County 34.5% 37.0% 38.4% 85.0% 86.7% 88.7% 

Stanislaus County 41.1% 44.2% 48.2% 47.3% 50.0% 55.1% 

Study Area – Central Valley 45.4% 48.0% 48.7% 63.9% 66.0% 67.1% 

Core Study Area 37.5% 39.1% 39.2% 44.1% 45.7% 46.3% 

Southern Sacramento Valley 59.6% 60.4% 60.7% 65.7% 66.0% 66.2% 

Southern San Joaquin Valley 40.1% 44.8% 44.6% 51.7% 56.2% 56.1% 

Southern California 32.5% 33.8% 33.7% 23.8% 24.6% 24.4% 

San Diego County 46.9% 49.3% 49.7% 36.4% 41.2% 40.7% 

Rest of California 39.3% 40.1% 39.9% 32.5% 32.6% 32.5% 

Statewide Total 36.9% 38.4% 38.4% 33.1% 34.5% 34.4% 

Source: Cambridge Systematics, Inc., 2007. 

4.1.2 HST Alternatives 

Statewide population and employment forecasts for the HST Alternatives are very similar 
to the No-Project Alternative.  For year 2030, the Pacheco HST Alternative is projected to 
add about 501,000 (1.04 percent) more people and 320,000 (1.12 percent) more jobs than 
the No-Project Alternative.  The Altamont HST Alternative is projected to add 495,000 
(1.03 percent) more people and 316,000 (1.11 percent) more jobs than the No-Project 
Alternative.  This incremental growth for the HST network alternatives represents about 
an additional year’s worth of economic growth above and beyond the No-Project 
Alternative in year 2030. 
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 4.2 Regional and County Growth Effects 

Each of the system alternatives has varied effects on different parts of the State.  Part of 
this difference is in terms of overall population and growth projections displayed previ-
ously in Tables 4.1 and 4.2.  Another part of the difference is related to the type of indus-
tries that is projected to experience employment growth under each system alternative.  
Table 4.3 displays industry-specific employment forecasts for 2030 for the three alterna-
tives.  Data in Table 4.3 are summarized by the major economic analysis regions, while 
Appendix G presents county-level detail.  Table 4.4 presents the allocation of year 2030 
incremental employment growth1 by industry group for the HST Alternatives.  Essen-
tially, Table 4.4 provides a picture of the types of jobs that would be generated by an 
investment in either the No-Project or HST Alternatives. 

4.2.1 San Francisco Bay Area 

Under the No-Project Alternative, the Bay Area region is projected to add about 
1.4 million jobs and 1.7 million people between 2005 and 2030.  These values represent a 
relative increase of nearly 31 and 34 percent, respectively, over the 2005 conditions.  In 
absolute terms, Alameda County is projected to add the most population (587,000), while 
Santa Clara is projected to add the most employment (445,000) from current levels.  How-
ever, growth rates will be higher in Contra Costa County, with increases of over 
50 percent between 2005 and 2030 for both population and employment.  Among the Bay 
Area counties, the employment growth rate exceeds the population growth rate for San 
Francisco and San Mateo. 

Under the Pacheco HST Alternative regional population is projected to increase by 70,000 
people, while employment is expected to increase by 48,000 jobs over the No-Project 
Alternative.  Under the Altamont HST Alternative, population growth is slightly higher 
than the Pacheco Alternative, with an increase of near 80,000 people, whereas employ-
ment growth is slightly lower than the Pacheco Alternative with an increase of 41,000 jobs 
over the No-Project Alternative.  Santa Clara County is projected to experience the largest 
absolute increase in population and employment in both HST alternatives.  In relative 
terms for the Pacheco HST Alternative, Alameda County has the highest increase in 
employment, while San Francisco shows the highest increase in population compared to 
the No-Project Alternative.  For the Altamont HST Alternative, San Mateo County shows 
the highest relative increase in employment, while Santa Clara shows the highest relative 
increase in population compared to the No-Project Alternative. 

                                                      
1 Incremental employment growth refers to employment that is generated by the HST Alternatives 

above and beyond the employment projected for the No-Project Alternative. 
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Table 4.3 Comparison of Employment by Industry Grouping for REMI Regions 
Year 2030 

 
Study Area – 

Bay Area 
% of 
Total 

Study Area – 
Central Valley 

% of 
Total 

Southern 
Sacramento 

Valley 
% of 
Total 

Southern San 
Joaquin Valley 

% of 
Total 

Southern 
California 

% of 
Total San Diego 

% of 
Total 

Rest of 
California 

% of 
Total 

Statewide 
Total 

% of 
Total 

Farming 52,986 1% 153,017 8% 23,496 5% 112,116 19% 134,414 1% 41,123 2% 110,438 4% 627,589 3% 
Mining 3,749 0% 1,214 0% 672 0% 10,023 2% 10,066 0% 1,158 0% 4,406 0% 31,288 0% 
Construction 200,188 5% 110,494 6% 35,876 8% 25,670 4% 445,411 5% 101,481 5% 142,577 5% 1,061,697 5% 
Manufacturing 414,079 10% 127,765 7% 25,702 6% 27,893 5% 891,553 10% 122,773 6% 225,106 8% 1,834,872 9% 
TCU 190,166 5% 75,965 4% 18,525 4% 25,136 4% 433,885 5% 60,648 3% 110,200 4% 914,524 4% 
Wholesale 179,813 4% 67,563 4% 16,841 4% 16,446 3% 507,724 5% 66,127 3% 117,540 4% 972,053 5% 
Retail 579,787 14% 297,432 16% 79,839 17% 82,911 14% 1,439,244 15% 285,675 15% 421,947 16% 3,186,834 15% 
FIRE 394,036 10% 149,453 8% 42,296 9% 30,336 5% 893,749 10% 172,543 9% 246,424 9% 1,928,837 9% 
Services 1,630,699 40% 550,584 29% 137,730 30% 135,745 24% 3,467,334 37% 684,891 36% 960,561 35% 7,567,544 36% 
Government 443,395 11% 351,163 19% 75,858 17% 110,659 19% 1,067,460 11% 358,582 19% 370,778 14% 2,777,895 13% 
Total 4,088,898 100% 1,884,650 100% 456,834 100% 576,935 100% 9,290,841 100% 1,895,002 100% 2,709,974 100% 20,903,134 100% 

Source: Cambridge Systematics, Inc., 2007. 
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Table 4.4 Allocation of Incremental Employment Growth by Industry Groupings 
Year 2030 

Incremental Growth Rate 
for Induced Employment 
(Year 2005 to 2030) 

Farming 
and Mining 

Construction 
and Manufacturing TCU and Trade FIRE and Services Government 

Study Area – Bay Area 0% 0% 6% 5% 28% 29% 62% 63% 3% 3% 
Study Area – Central Valley 2% 2% 6% 4% 25% 21% 63% 68% 5% 4% 
Subtotal – Core Study Area  1% 1% 6% 5% 27% 25% 62% 66% 4% 4% 
Southern Sacramento Valley 1% 2% 10% 9% 34% 33% 50% 52% 6% 5% 
Southern San Joaquin Valley 5% 5% 4% 4% 20% 19% 66% 67% 4% 4% 
Southern California 0% 1% 6% 7% 27% 29% 62% 60% 4% 4% 
San Diego 0% 0% 4% 3% 32% 26% 59% 66% 4% 4% 
Rest of California 4% 4% 9% 10% 38% 45% 44% 36% 5% 6% 
Statewide Total 1% 1% 6% 5% 28% 27% 61% 62% 4% 4% 

Source: Cambridge Systematics, Inc., 2007. 
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Historically, this region has had the highest share of FIRE and services industry jobs.  This 
trend is projected to be intensified under the No-Project Alternative.  Incremental job 
growth for the HST Alternatives (i.e., additional jobs created over the No-Project Alternative) 
are projected to follow historical norms for this region, with 62 percent of the new jobs 
created in FIRE and services and 34 percent in construction, manufacturing, trade, and 
TCU. 

4.2.2 Northern Central Valley 

Under the No-Project Alternative, the northern Central Valley region is projected to add 
about 855,000 (45 percent) jobs and 2.4 million (64 percent) people between 2005 and 2030.  
Sacramento County is projected to add the most population (929,000) and employment 
(453,000) from 2005 levels.  In relative terms, population growth will be the highest in San 
Joaquin County with an 85 percent increase over 2005 conditions, while employment 
growth will be the highest in Madera County with a 61 percent increase.  The key conclu-
sion from these results is that this region will be experiencing tremendous population 
growth, regardless of the implementation of the HST, and experiences the largest differ-
ential between employment and population growth rates. 

Under the Pacheco HST Alternative, regional population is projected to increase by a fur-
ther 79,000 people, while employment is expected to increase by 48,000 jobs over the No-
Project Alternative.  Under the Altamont HST Alternative, population and employment 
growth is higher than the Pacheco Alternative, with an increase of nearly 120,000 people 
and 61,000 jobs over the No-Project Alternative. 

The counties in this area all have population growth rates that greatly exceed the state-
wide average under the No-Project Alternative.  All six counties have noticeably higher 
population growth rates for the HST Network Alternatives, with Merced and Madera 
Counties showing the largest numeric difference in growth rates between the No-Project 
and HST Alternatives; this result also holds for Stanislaus County in the Altamont HST 
Network Alternative.  As a group, the population growth rate in these Central Valley 
counties is highest for the Altamont HST Network Alternative, although Fresno, Madera, 
and Merced Counties actually have slightly higher growth rates for the Pacheco HST 
Network Alternative. 

These counties also have a wide variation in employment growth rates under the No-
Project Alternative with values ranging between 31 percent and 60 percent.  All six coun-
ties have noticeably higher employment growth rates for the HST Network Alternatives, 
with Merced and Madera Counties showing the largest numeric difference in growth rates 
between the No-Project and HST Network Alternatives; this result also holds for Stanislaus 
County in the Altamont HST Network Alternative.  The employment growth rate in these 
counties as a group is highest for the Altamont HST Network Alternative, with the 
Altamont HST Network Alternative having the highest growth rate in four of the six 
counties. 
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This region has historically exceeded statewide averages for government and farming 
jobs, while lagging in all other industry groups.  This general pattern is projected to 
change slightly under the No-Project Alternative, with employment shifts from govern-
ment, farming, manufacturing, trade, and TCU into FIRE and services.  The HST 
Alternatives, on the other hand, are projected to have incremental job growth that is much 
more heavily oriented towards FIRE and services (66 percent of total), with construction, 
manufacturing, trade, and TCU accounting for about 28 percent of incremental growth.  
This region, along with the Southern Central Valley, would experience the largest shift in 
the nature of employment, and suggests that the HST Alternative will be a strong influ-
ence in attracting higher wage jobs to the Central Valley. 

4.2.3 Southern Sacramento Valley 

Under the No-Project Alternative, the Southern Sacramento Valley region is projected to 
add about 272,000 jobs and 434,000 people between 2005 and 2030.  These values represent 
an increase of 60 and 66 percent, respectively, over 2005 conditions. 

Under the Pacheco HST Alternative, population is projected to increase by about 2,350 
people and employment by about 3,600 jobs in 2030 over the No-Project Alternative.  
Under the Altamont Alternative, both population and employment are expected to be 
slightly higher than under the Pacheco Alternative, increasing population by 3,300 people 
and the number of jobs by 4,600 compared to the No-Project Alternative. 

As with the northern Central Valley, this region has historically exceeded statewide aver-
ages for government and farming jobs, while lagging in all other industry groups to a lar-
ger extent than any other region.  This general pattern is projected to change under the 
No-Project Alternative, with employment shifts from farming and government into FIRE 
and services.  However, this region will still lag statewide averages in manufacturing, 
FIRE, and services, while exceeding statewide averages in government.  About one-half on 
incremental job growth of HST Alternatives is projected to occur in FIRE and services and 
one-third in trade and TCU. 

4.2.4 Southern San Joaquin Valley 

Under the No-Project Alternative, the southern Sacramento Valley region is projected to 
add about 231,000 (40 percent) jobs and 677,000 (52 percent) people between 2005 and 
2030.  Under the Pacheco HST Alternative, population is projected to increase by about 
60,000 people and employment by about 27,000 jobs in 2030 over the No-Project Alternative.  
Population and employment are expected to be slightly lower for the Altamont HST 
Alternative than for the Pacheco HST Alternative, increasing population by 58,000 people 
and 26,000 jobs compared to the No-Project Alternative. 

This region currently has the highest share of agricultural employment in the State (one-
fifth of the total employment) and the lowest share of FIRE and services jobs (one-third of 
the total employment), and this general pattern is not projected to change under the No-
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Project Alternative.  However, incremental job growth under the HST Alternatives is pro-
jected to be heavily oriented towards FIRE and services jobs, with about 67 percent of 
growth occurring in this sector.  This region and the northern Central Valley are expected 
to experience the largest shift in the nature of employment, which suggests that the HST 
Alternative will be a strong influence in attracting higher wage jobs to these regions. 

4.2.5 Southern California 

Under the No-Project Alternative, the southern California region is projected to add about 
3.0 million (32 percent) jobs and 4.0 million (24 percent) people between 2005 and 2030.  
Under the Pacheco HST Alternative, population is projected to increase by about 144,000 
people and employment by about 130,000 jobs in 2030 over the No-Project Alternative.  
Under the Altamont HST Alternative, both population and employment are expected to 
be lower than under the Pacheco HST Alternative, increasing by about 105,000 people and 
113,000 jobs compared to the No-Project Alternative. 

This region has nearly one-half of total employment in the FIRE and services sectors, and 
this general pattern is projected be accentuated under the No-Project Alternative.  Incre-
mental job growth of HST Alternatives is projected to be more heavily oriented towards 
FIRE and service sectors, with about 60 percent of growth occurring in this sector. 

4.2.6 San Diego County 

Under the No-Project Alternative, San Diego County is projected to add about 900,000 
(47 percent) jobs and 1.0 million (36 percent) people between 2005 and 2030.  Under the 
Pacheco HST Alternative, population is projected to increase by about 141,000 people and 
employment by about 45,000 jobs in 2030 over the No-Project Alternative.  Under the 
Altamont Alternative, population is expected to be slightly lower than under the Pacheco 
Alternative, while employment slightly higher, with population increasing by 126,000 
people and the number of jobs by 54,000 compared to the No-Project Alternative. 

This region has an average statewide share of FIRE and service jobs (45 percent of the total 
employment), and this general pattern is projected to be intensified under the No-Project 
Alternative.  Incremental job growth of HST Alternatives is projected to be heavily ori-
ented towards FIRE and services jobs, with about 66 percent of growth occurring in this 
sector. 
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 4.3 HST Network Alternatives, Alignment Alternatives, 
and Station Location Options 

The discussion of induced growth compares the general nature of impacts associated with 
the HST Network Alternatives to the No-Project Alternative.  Although quantitative 
employment and population impacts were not generated for every alignment and station 
location option, qualitative distinctions nevertheless can be made among these options. 

For this discussion, the difference in impacts will be most significant between the two 
general choices of the Altamont and Pacheco Network Alternatives.  In the primary study 
area of this environmental analysis, the Altamont HST Network Alternative would be 
expected to have a greater influence on growth inducement than the Pacheco HST Network 
Alternative for two reasons.  First, the Altamont HST Network Alternative is projected to 
induce about 6,000 more jobs and 50,000 more residents than the Pacheco HST Network 
Alternative in the Bay Area to Central Valley study area.  Second, the Altamont HST 
Network Alternative is likely to have more stations in total than the Pacheco HST 
Network Alternative, leading to more geographic locations that could experience local 
and station area growth effects. 

Madera and Merced Counties are likely to experience the greatest magnitude of growth 
effects among all study area counties for both HST Network Alternatives.  Stanislaus 
County is likely to exhibit an equally high magnitude of growth effects with the Altamont 
HST Network Alternative; under the Pacheco HST Network Alternative, Stanislaus 
County’s growth effects are likely to be much lower. 

Many of the HST Network Alternatives have different termini locations in the Bay Area, 
with some network alternatives having multiple termini locations.  Growth inducement is 
likely to differ for these network alternatives, with differences arising both on a system 
level and in individual Bay Area counties affected by the HST Network Alternatives.  In 
general, systemwide growth inducement can be expected to change at similar rates to 
changes in ridership between HST Network Alternatives due to the close correspondence 
between HST ridership, highway and air congestion reduction, and traveler benefits.  At a 
county and local level, growth inducement will be higher if a county has an HST station 
for a particular network alternative, and will decrease if no HST station is present. 

Among the Pacheco HST Network Alternatives, service to either the Oakland or San 
Francisco termini is likely to result in similar levels of systemwide growth inducement.  
Similar levels of growth inducement are likely for service to Oakland and San Francisco 
via a Transbay Tube.  Service to Oakland and San Francisco via Peninsula and East Bay 
alignments is likely to experience lower growth inducement due to lower HST ridership 
potential; growth inducement are also likely to be more evenly distributed among the Bay 
Area counties than for the other HST Network Alternatives.  A San Jose-only terminus 
would likely have the lowest overall growth inducement potential of the Pacheco 
Network Alternatives due to the much lower HST ridership potential. 
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For the Altamont HST Network Alternatives, service to a single Bay Area terminus (San 
Francisco or Oakland) is likely to result in similar levels of systemwide growth induce-
ment.  Similar levels of growth inducement are likely for service to Oakland and San 
Francisco via a Transbay Tube.  HST Network Alternatives with split HST service among 
any two or three termini are likely to experience lower growth inducement due to lower 
HST ridership potential; the lowest growth inducement potential is likely for split service 
to all three Bay Area termini. 

All of the Altamont HST alignment alternatives are likely to create equal magnitudes and 
spatial patterns of induced growth since all alignments offer relatively similar travel time 
and station location options in the Bay Area. 

The two Pacheco HST alignment alternatives, Henry Miller and GEA North, also are likely 
to produce similar patterns of induced growth for all counties in the core study area.  
Although these two Pacheco alignment alternatives provide noticeably different HST 
travel times between the Bay Area and northern Central Valley, there are equally notice-
able, yet opposite, travel time differences between the Bay Area and locations south of 
Merced County.  The net effect is that the slight congestion reduction and HST ridership 
benefits provided by the Henry Miller alignment offset the accessibility benefits (between 
the Bay Area and northern Central Valley) provided by the GEA North alignment. 

For the Pacheco with Altamont HST Network Alternatives, overall growth inducement 
will be the same or lower than similar termini combinations for either Pacheco or Altamont. 

Adding, dropping, or changing station locations will lead to changes in potential growth 
effects at the station in question, as well as in the HST system as a whole.  In individual 
counties, the most notable situation is in Merced County, where the SP Downtown station 
could be on either the Sacramento or Southern California HST lines, depending upon the 
alignment followed west of Merced.  The Castle Air Force Base (AFB) station, on the other 
hand, always would be served by HST service between the Bay Area and Sacramento.  In 
Stanislaus County, the Amtrak Briggsmore station could lead to the urbanization of 1,000 
more acres in the County than the SP Downtown station site.2  This difference between 
station sites accounts for about 35 percent of the difference in urbanized area size between 
the Altamont and Pacheco HST Network Alternatives noted for Stanislaus County.  In the 
East Bay, HST stations that interface with the BART system may induce larger overall 
growth attributable to improved regionwide accessibility.  On the San Francisco Peninsula, 
all proposed HST stations offer the opportunity for intermodal transfers with Caltrain, 
and all proposed station sites have substantial station-area activity of one form or another.  
The most likely location for differences in areawide growth inducement is with the San 
Francisco station location.  The Transbay Transit Center offers better access than the 
4th/Townsend site to the high density employment and activity center in Downtown San 
Francisco; this improved accessibility creates higher systemwide HST ridership and is 
therefore likely to lead to the potential for additional growth inducement. 
                                                      
2 Economic Growth Effects of the System Alternatives for the Program Environmental Impact Report/

Environmental Impact Statement, California High-Speed Rail Authority, Section 5.2, July 2003. 
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Alternative station locations in the same general vicinity may have different localized 
growth effects, but overall effects throughout the study area are likely to be similar.  Dif-
ferent areawide effects will arise from adding or dropping an HST station for a commu-
nity or subarea as a whole.  For example, not providing an HST station in the Tri-Valley or 
Tracy areas would likely lower overall growth inducement, because job accessibility and 
business attraction benefits throughout the study area would be lower.  A similar situation 
would occur for the Pacheco HST Network Alternative if a station were not provided in 
Gilroy or Morgan Hill; in such a situation, access to the HST system from Monterrey, San 
Benito, and Santa Cruz Counties would be reduced. 

 4.4 Comparison of Procedures and Results to the Statewide 
Program-Level EIR and Tier 1 EIS 

The overall economic growth forecasts for this Bay Area to Central Valley Program EIR/
EIS are consistent with the results generated in 2003 for the Statewide Program EIR/EIS.  
The current analysis projects an incremental statewide growth inducement of about 
320,000 jobs and 500,000 people by year 2030.  The analysis for the 2003 Statewide Program 
EIR/EIS projected an incremental statewide growth inducement of 240,000 jobs and 
170,000 people by year 2020, and 450,000 jobs and 700,000 people by year 2035. 

There are several differences in the analysis procedures that help explain these differences 
between the 2003 and current results.  Many of these differences stem from use of the new 
Metropolitan Transportation Commission (MTC) Statewide High-Speed Rail Travel 
Demand Model for the current growth inducement analysis. 

First, the new travel model used in the current analysis assumes a much higher ridership 
for high-speed rail than the 2003 analysis.  This result essentially follows from a more 
sophisticated treatment of mode choice variables.  In other words, the new model allows 
for a greater range of mode choices (for example, walking to an HST station instead of 
driving), and a more complete treatment of travel costs than the previous analysis.  The 
result is that the direct travel time/cost benefits flowing from travelers switching to HST 
are higher than in the 2003 report. 

Second, the present analysis has a more complete treatment of effects on non-HST modes.  
The most significant difference is that the new travel demand model includes intrare-
gional (local) car and truck trips in addition to intercity trips; whereas, the previous travel 
model only included the latter.  As a result, highway delay reductions are higher in the 
current analysis, leading to a larger overall impact. 

Finally, the TREDIS framework in the current analysis uses the CRIO-IMPLAN model of 
economic adjustment; whereas, REMI was used for the 2003 analysis.  Although both 
models are well-established for this type of analysis, differences between the model 
structures affected the treatment of certain variables.  For example, the previous analysis 
treated household value-of-time and out-of-pocket cost savings through a variable that 
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primarily drives demographic migration.  In contrast, the current analysis treats house-
hold out-of-pocket savings as changing consumer spending patterns, thereby affecting 
local business output more directly. 

 4.5 Key Findings 

Overall, the No-Project and HST Network Alternatives present very similar levels of 
growth effects in terms of population and employment growth from year 2005.  The 
incremental effect of the HST Alternatives relative to the No-Project Alternative is very 
small when compared to the incremental effect of the No-Project Alternative relative to 
2005 conditions.  California is projected to add about 7.7 million jobs and 12 million peo-
ple between 2005 and 2030 under the No-Project Alternative, while the HST Alternatives 
would add around 320,000 (1.11 percent) jobs and 500,000 (1.04 percent) people over the 
No-Project Alternative. 

Analysis of results for individual counties largely follows these general statewide trends 
among system alternatives.  Southern California is projected to add the most jobs and 
people of all regions for the HST Alternatives in 2030.  On a relative basis, southern San 
Joaquin Valley and the northern Central Valley are expected to show the largest percent-
age increase in population and jobs under the HST Alternative compared to the No-Project 
Alternative.  Under the HST Alternatives, the statewide incremental employment growth 
relative to the No-Project Alternative is expected to be higher than the population growth, 
suggesting that the HST Alternative has a stronger influence in distributing employment 
throughout the State. 

The Altamont HST Alternative is projected to induce the largest incremental population 
and employment growth rates in Madera, Merced, and Stanislaus Counties.  The Pacheco 
HST Alternative is projected to induce the largest incremental population and employ-
ment growth rates in Madera and Merced Counties.  The two HST alternatives are pro-
jected to have similar growth inducement effects for the Bay Area as a whole, while the 
Altamont HST Alternative is projected to have a larger growth inducement effect for the 
Northern Central Valley as a whole. 

Regarding the nature of employment generated, the data suggest that under the HST 
Alternatives, the FIRE and service sectors are the most encouraged with around 61 percent 
of total incremental employment generated in this sector.  The southern San Joaquin 
Valley and the northern Central Valley are expected to experience the largest shift in the 
nature of employment, which implies that the HST Alternative will be a strong influence 
in attracting higher wage jobs to these regions. 
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5.0 Station Area Growth Effects 

This chapter describes how regional population and employment growth could influence 
the amount of urbanized land required to accommodate the people living and working in 
each part of the State.  The first section compares results for the system alternatives, while 
the second section compares results by geographic area.  The final section provides a 
summary overview of the significance of these findings.  The discussion in this chapter is 
supplemented by detailed tables of results in Appendices H (Employment Suballocation) 
and I (Breakout of Employment and Residential Components). 

 5.1 Comparison of System Alternatives 

Table 5.1 summarizes the total acreage of land at urbanized densities needed to accom-
modate projected employment or population in 2030.  Table 5.2 shows the percent change 
in urbanized land area from the 2002 conditions, as well as the No-Project Alternative. 

5.1.1 No-Project Alternative 

Population and employment growth under the No-Project Alternative in the core study 
area is expected to require approximately 392,000 more acres of urbanized land in 2030 
than the current estimated urbanized area of approximately 1.0 million acres.1  This 
increase is about 40 percent over 2002 conditions.  The Northern Central Valley is 
expected to experience the largest increase in urbanized acreage with a 61 percent increase 
over 2005 conditions, while the Bay Area is expected to experience an increase of 
22 percent. 

                                                      
1 Estimates of current urbanized area are based on urban land cover data provided by the 

California Farmland Mapping and Monitoring Program (CFMMP), a division of the California 
Department of Conservation. 
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Table 5.1 Year 2030 Size of Urbanized Area by System Alternative 
County and Regional Totals 

Year 2030 Urbanized Area 
(In Acres) 

HST Alternative 
Area 

Year 2002 
Urbanized 

Area Acreage 
No-Project 
Alternative Pacheco Altamont 

Alameda County 141,654 186,683 187,808 186,942 
Contra Costa County 142,467 183,869 184,596 184,288 
San Francisco County* 23,277 30,013 30,246 30,172 
San Mateo County 70,869 80,304 80,386 80,543 
Santa Clara County 184,481 207,833 209,352 211,324 
Study Area – Bay Area 562,748 688,702 692,388 693,269 
Fresno County 96,977 150,223 153,574 153,243 
Madera County 23,255 36,366 37,793 37,778 
Merced County 31,712 60,455 62,212 61,611 
Sacramento County 157,101 237,818 238,066 239,245 
San Joaquin County 74,250 145,776 145,046 146,104 
Stanislaus County 55,426 74,267 74,179 76,886 
Study Area – Central Valley 438,721 704,905 710,870 714,867 
Core Study Area 1,001,469 1,393,607 1,403,258 1,408,136 

Source: Cambridge Systematics, Inc., 2007. 
* Projected increases in urbanized area for San Francisco County are a function of the average den-

sities used to calculate employment acreage.  Since “greenfield” land is not available in San 
Francisco County, employment growth will need to be accommodated through densification and 
infill rather than through increases in urbanized area size implied in this table. 
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Table 5.2 Year 2030 Size of Urbanized Area by System Alternative 

Percent Change from 
2002 Existing Conditions 

Percent Change from 
2030 No-Project 

Alternative 
HST Alternative HST Alternative 

Area 
No-Project 
Alternative Pacheco Altamont Pacheco Altamont 

Alameda County 32% 33% 32% 0.6% 0.1% 
Contra Costa County 29% 30% 29% 0.4% 0.2% 
San Francisco County* 29% 30% 30% 0.8% 0.5% 
San Mateo County 13% 13% 14% 0.1% 0.3% 
Santa Clara County 13% 13% 15% 0.7% 1.7% 
Study Area – Bay Area 22% 23% 23% 0.5% 0.7% 
Fresno County 55% 58% 58% 2.2% 2.0% 
Madera County 56% 63% 62% 3.9% 3.9% 
Merced County 91% 96% 94% 2.9% 1.9% 
Sacramento County 51% 52% 52% 0.1% 0.6% 
San Joaquin County 96% 95% 97% -0.5% 0.2% 
Stanislaus County 34% 34% 39% -0.1% 3.5% 
Study Area – Central Valley 61% 62% 63% 0.8% 1.4% 
Core Study Area 39% 40% 41% 0.7% 1.0% 

Source: Cambridge Systematics, Inc., 2007. 
* Projected increases in urbanized area for San Francisco County are a function of the average den-

sities used to calculate employment acreage.  Since “greenfield” land is not available in San 
Francisco County, employment growth will need to be accommodated through densification and 
infill rather than through increases in urbanized area size implied in this table. 

As discussed in Section 4.0, population is projected to grow by 44 percent between 2002 
and 2030, with employment projected to grow by 37 percent over the same period.  Hence, 
urbanization of undeveloped land is expected to occur at slightly lower rates than overall 
population and employment growth, reflecting a number of factors: 

• A reduction in availability of undeveloped land in some urban counties in the Bay 
Area, creating higher land costs and market forces for denser development; 

• Slight increases in infill and redevelopment, as seen recently in many of the urban 
counties; and 

• An increase in marginal residential densities that has occurred over recent years.2 

                                                      
2 Raising the Roof:  California Housing Development Projections and Constraints, 1997–2020, California 

Department of Housing and Community Development; May 2000; Exhibit 17. 

C035764



 

Economic Growth Effects Analysis for the Bay Area to Central Valley Program-Level  
Environmental Impact Report and Tier 1 Environmental Impact Statement 

5-4 Cambridge Systematics, Inc. 

5.1.2 HST Alternative 

Land consumption for the HST Alternatives is projected to be of the same general magni-
tude as the No-Project Alternative, when compared to the 2002 conditions.  Results show 
that the Pacheco Alternative is expected to require slightly less urbanized land than the 
Altamont Alternative, entailing an increase of 40 percent and 41 percent, respectively, over 
2005 conditions.  Compared to the No-Project Alternative, the Pacheco HST Alternative is 
projected to urbanize an additional 9,600 acres, while the Altamont HST Alternative is 
projected to urbanize 14,500 more acres. 

5.1.3 Sensitivity Analysis 

Unlike the other system alternatives, a high-speed train provides an opportunity for local 
governments to focus more intensive land uses around rail stations.  This opportunity 
arises from the competitive advantage that some industry groups might draw from 
proximity to an HST service.3 

As reported in the technical report for the Statewide Program EIR/EIS4, higher density, 
mixed-use development has been observed around rail stations in Europe, Japan, and the 
United States.  While much of this densification is a result of market forces, research sug-
gests that government intervention can accelerate or increase its effect.  Strategies for 
increasing station area development include policies such as zoning that encourages mixed 
use, density bonuses, and maximum parking requirements.  Strategies for accelerating sta-
tion area development include joint development under public-private partnerships, tax-
increment finance, locating civic institutions near stations, tax abatement programs, and 
other subsidies. 

In addition to the base analysis, a sensitivity analysis was performed as part of the Statewide 
Program EIR/EIS to test the land consumption effects of land use densification strategies 
to modestly increase development density in the vicinity of HST stations.  The sensitivity 
analysis included two assumptions: 

1. For the residential land area projections, the rate of infill development around HST 
stations would double; and 

                                                      
3 These competitive advantages accrue to some industries due to their need for close proximity to 

ancillary industries (i.e., industry clustering) and a well-educated labor force.  These advantages, 
known as economies of agglomeration, have emerged around the French and Japanese HST stations, 
and are an accepted norm for land use planning for many urban transit station areas in Europe 
and North America. 

4 Economic Growth Effects of the System Alternatives for the Program Environmental Impact Report/
Environmental Impact Statement, California High-Speed Rail Authority, Section 3.3, July 2003. 
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2. For the employment land area projections, the development density in the station area 
was increased from the 55th percentile to the 65th percentile in 2020, and from the 75th 
percentile to the 90th percentile in 2035.  Development densities outside of the station 
area were not modified. 

This scenario could reduce statewide land urbanization by approximately 24,000 acres 
(0.61 percent) less than the No-Project Alternative in 2020, and approximately 33,000 acres 
(0.71 percent) in 2035 compared to the No-Project Alternative. 

These results represent a low-end estimate of the possible effects of land use densification 
strategies in combination with the introduction of HST service.  This sensitivity test 
assessed the effects of densification strategies within a nominal one-mile band of a poten-
tial HST site.  Research suggests that other jurisdictions have had some success in imple-
menting more aggressive and regionwide land use strategies (e.g., urban growth 
boundaries, maximum parking requirements, jobs housing balance, more diversity of land 
uses, higher densities, higher service levels of mass transit, etc.) in conjunction with high-
capacity intercity and urban transit services.  Experience in these areas suggests that more 
aggressive strategies might be more attractive to policy-makers since HST could offer the 
economic rationale to developers to cluster their new commercial, industrial, and residen-
tial development within easy access to the HST stations.  In general, the No-Project 
Alternative provides no such market incentive. 

 5.2 Regional and County Growth Effects 

Each of the system alternatives has varied effects on different parts of the State.  This sec-
tion describes how population and employment growth is projected to influence the need 
for urbanized land in various regions and counties. 

5.2.1 Bay Area 

Under the No-Project Alternative, the Bay Area is projected to experience an increase in 
urbanized land area of approximately 125,000 acres between 2002 and 2030.  This repre-
sents a change of 22 percent over 2002 conditions.  Alameda County is projected to 
encounter the largest percent change, adding more than 45,000 acres (32 percent) to 2002 
levels of urbanized area of approximately 142,000 acres. 

Under the Pacheco HST Alternative, the Bay Area urbanized land is projected to require 
approximately 3,700 additional acres (0.5 percent) in 2030 compared to the No-Project 
Alternative.  Under the Altamont HST Alternative, the Bay Area urbanized land is pro-
jected to require approximately 4,500 additional acres (0.7 percent) in 2030 compared to 
the No-Project Alternative.  The largest absolute and relative increase for both HST alter-
natives is projected to occur in Santa Clara County requiring nearly 3,500 additional acres 
or 1.7 percent increase over the No-Project Alternative. 
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5.2.2 Northern Central Valley 

Under the No-Project Alternative, the northern Central Valley is projected to experience 
an increase in urbanized land area of approximately 266,000 acres between 2002 and 2030.  
This represents a change of 61 percent over 2002 conditions.  Urbanized acreage in Merced 
and San Joaquin Counties is projected to almost double in order to accommodate popula-
tion and employment growth between 2002 and 2030.  Sacramento County is projected to 
experience the largest absolute increase in urbanized acreage – 80,000 acres – between 
2002 and 2030. 

Under the Pacheco HST Alternative, the northern Central Valley urbanized land is pro-
jected to require approximately 6,000 additional acres (0.8 percent) in 2030 compared to 
the No-Project Alternative, while under the Altamont HST Alternative, an additional 
10,000 acres (1.4 percent) is projected to be required.  Under both alternatives the largest 
absolute increase is projected to occur in Fresno County; whereas, the largest percent 
increase is projected to take place in Madera County.  Under the Pacheco HST Alternative, 
the acreage required to accommodate growth decreases for San Joaquin and Stanislaus 
Counties by 0.5 and 0.1 percent, respectively, compared to the No-Project Alternative. 

 5.3 Key Findings 

Overall, the No-Project and HST Alternatives present very similar levels of growth effects 
in terms of urbanized area size and land consumption needs.  The incremental effect of 
HST Alternative relative to the No-Project Alternative is very small when compared to the 
incremental effect of the No-Project Alternative relative to 2002 conditions. 

Analysis of results for individual counties largely follows these general statewide results.  
Nonetheless, the HST Alternatives do create some larger incremental growth relative to 
the No-Project Alternative.  However, the results suggest that HST will not lead to whole-
sale shifts in residential location from the Bay Area and Los Angeles into the Central Valley. 

One of the most telling summary statistics is to combine population and employment 
growth projections with land consumption forecasts, providing a measure of “land con-
sumed per new job and resident.”  Essentially, this metric tells us how efficient each alter-
native is at accommodating the projected growth; since the alternatives have very similar 
levels of overall growth, the efficiency by which that growth is accommodated becomes 
very important.  Table 5.3 provides the relevant data and resulting metric for each of the 
alternatives; lower values of the metric suggest greater efficiency.  The results indicate that 
the Pacheco HST Alternative is the most efficient of the alternatives, providing an incre-
mental development density that is 1.3 percent more efficient (i.e., less land per new job 
and resident) than the No-Project Alternative, while the Altamont Alternative is 
0.8 percent more efficient than the No-Project Alternative.  The efficiency gains for both 
HST alternatives are achieved in conjunction with the higher population and employment 
growth projections compared to the No-Project Alternative. 
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Table 5.3 Marginal Land Consumption 

 
No-Project 
Alternative 

Pacheco HST 
Alternative 

Altamont 
HST 

Alternative 

Land Consumption (thousands of ac) 392 402 407 
Job Growth (thousands of jobs) 2,241 2,337 2,343 
Population Growth (thousands of people) 4,155 4,304 4,354 
Acres Consumed Per New Job and Resident* 0.0613 0.0605 0.0608 
Efficiency Gain/Loss Relative to No-Project 
Alternative 

– +1.3% +0.8% 

Source: Cambridge Systematics, Inc., 2007. 
*Value found by dividing land consumption by the sum of job growth and population growth. 
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6.0 Preparers 

The following individuals participated in the analysis of statewide, regional, local, and 
station area growth effects. 

George D. Mazur, P.E., Cambridge Systematics, Inc. 

Project Role:  Project Manager for consultant team; development of analysis methodolo-
gies; lead author of technical reports; processing of travel demand output for use in eco-
nomic growth models; and estimation of non-user benefits. 

Education:  B.S. in Civil Engineering from Purdue University; and M.S. in Transportation 
Engineering from University of California, Berkeley. 

Experience:  Sixteen years experience in transportation planning and policy, travel demand 
forecasting, and environmental analysis; registered Professional Engineer in Georgia and 
California. 

Abigail Rolon, Cambridge Systematics, Inc. 

Project Role:  Lead analyst for estimating traveler benefits and post-processing travel 
demand and economic model results. 

Education:  B.A. in Economics from the Center of Economic Research (CIDE), Mexico City, 
Mexico; and M.A. in Urban Planning from University of California Los Angeles. 

Experience:  Four years of experience in economic analysis, and two years of experience in 
transportation planning with emphasis in transportation economics. 

Cecily Way, Cambridge Systematics, Inc. 

Project Role:  Refinement and application of employment land consumption analysis. 

Education:  B.S. in Civil Engineering from Massachusetts Institute of Technology; M.S. in 
Transportation Engineering from University of California, Berkeley; and M.C.P. from 
University of California, Berkeley, in progress. 

Experience:  Two years in transportation system analysis and planning, with emphasis on 
land use impacts of transit. 
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Glen Weisbrod, Economic Development Research Group, Inc. 

Project Role:  Design and initial construction of the economic growth model to forecast 
county-level business and population attraction impacts; and technical reviewer for CRIO-
IMPLAN model forecasts. 

Education:  B.A. in Economics from Brandeis University; M.S. in Civil Engineering 
(Transportation) from Massachusetts Institute of Technology; and M.C.P. in City Planning 
from Massachusetts Institute of Technology. 

Experience:  Twenty-six years experience in consulting relating to economic development, 
economic impact modeling, and transportation; 15 years experience in the application of 
various economic models to transportation investments; Chair of the Committee on 
Transportation and Economic Development – Transportation Research Board; current 
President of Economic Development Research Group. 

Lisa Petraglia, Economic Development Research Group, Inc. 

Project Role:  Design and initial construction of the economic growth model to forecast 
county-level business and population attraction impacts; and technical reviewer for CRIO-
IMPLAN model forecasts. 

Education:  B.S. from the University of Massachusetts, Amherst; and M.S. in Applied 
Economics from the University of Massachusetts, Amherst 

Experience:  Over 15 years experience in economic modeling and policy analysis, focusing 
on economic impact evaluation; extensive experience with input-output and general equi-
librium economic models, including their application to address transportation invest-
ments/policies. 

Brian Baird, Economic Development Research Group, Inc. 

Project Role:  Construction and analysis of the TREDIS framework, including the eco-
nomic growth model and business attraction model. 

Education:  B.S. in Civil Engineering from the University of Connecticut; and M.S. in 
Transportation Engineering and M.A. in Economics from the University of Connecticut. 

Experience:  Seven years experience in consulting and university research related to 
transportation, economics, and urban systems; five years experience working on inter-
facing travel demand models and economic impact models. 

C035771



 

Economic Growth Effects Analysis for the Bay Area to Central Valley Program-Level  
Environmental Impact Report and Tier 1 Environmental Impact Statement 

Cambridge Systematics, Inc. 6-3 

Rimon Rafia, Consultant 

Project Role:  Construction and analysis of TREDIS model. 

Education:  B.A. in Economics from Hebrew University in Jerusalem; and M.A. in Economics 
from Tel Aviv University 

Experience:  Mr. Rafiah has over a decade of work experience in transportation 
economics, including applications of economic analysis for transportation infrastructure 
investments around the world. 

Michael Reilly, Stanford University 

Project Role:  Technical lead for development of residential land consumption; modified 
and ran CURBA model; and performed environmental overlay analysis for secondary 
impacts. 

Education:  B.A. in Anthropology from University of California; M.C.P. from the University 
of California; and Ph.D. program in Urban and Regional Planning at University of California. 

Experience:  Ten years research experience in urban and transportation analysis and mod-
eling, with focus on California land use and development patterns; 10 years research in 
developing and applying CURBA model. 
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Appendix A.  Estimation of Mode 
Shift Benefits 

Mode shift benefits for HST system users were estimated through a process known as log-
sum calculation.  The log-sums results from the 1999 high-speed rail travel demand model 
were used as a base to forecast mode shift benefits, with a series of adjustments made to 
reflect differences between the 1999 and current travel demand models, as well as 
between the Pacheco and Altamont HST network alternatives. 

 A.1 Log-Sum Values from 1999 Travel Demand Model 

Travel efficiency benefits for users of the HST system were estimated separately for 
intercity business users, intercity non-business users, and long-distance commuters.  The 
benefits were estimated through a process known as a log-sum calculation.  Using this 
process, the total benefit for switching from each mode to HST is calculated as a function 
of the log sum of utilities for travelers of that mode using the following equation: 
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where eBmod  is the total benefit for that mode, emodμ is the utility of travel on that mode, 

HSRμ  is the utility of travel on high-speed train, and tcosβ is the coefficient of cost for travel 
on that mode (to monetize the benefits).  The utility of a particular mode is calculated as a 
function of travel time and out-of-pocket costs, as follows: 

OVTAccessIVTCost OVTAccessIVTxoste ×+×+×+×+= ββββαμmod  

Where tcosβ is the coefficient of cost for travel on that mode; IVTβ is the coefficient of line 
haul (in vehicle) time on that mode; Accessβ is the coefficient of access/egress time on that 
mode; and OVTβ is the coefficient of out-of-vehicle (i.e., wait, terminal processing, etc.) on 
that mode. 

These calculations use coefficients from the mode choice model developed for previous 
work by the HSRA, and travel time and cost information developed for the prior model.  
The mode choice coefficients for the relevant modes are shown in Table A.1.  Monetary 
values that resulted from these coefficients were adjusted to 2002 dollars for purposes of 
the REMI analysis in the Statewide Program EIR/EIS. 
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Table A.1 Values of Time from Previous HST Mode Choice Models 

Private Auto 
 

Local 
Air 

Conventional 
Rail Short Distance Long Distance 

Business Trips     
Modal Constant 0.0993 0.7848 -0.6600 -0.7995 
Line-haul Time (IVT) -0.0357 -0.0254 -0.0142 -0.0110 
Access/Egress Time -0.0382 -0.0325 -0.0175* -0.0184 
Wait Time (OVT) -0.0207 -0.0225  -0.0060 
Cost -0.0505 -0.1046 -0.0450 -0.026 
Non-Business Trips     
Modal Constant 0.1174 0.5226 -1.0369 -0.8768 
Line-haul Time (IVT) -0.0373 -0.0197 -0.0057 -0.0066 
Access/Egress Time -0.0141 -0.0212 -0.035** -0.0093 
Wait Time (OVT) -0.0321 -0.0144  -0.0031 
Cost -0.0744 -0.0860 -0.0553 -0.0293 

Source: Charles River Associates, 1996. 
* This access/egress coefficient is applied the following ratio of travel times – (OVT)*(1.5*access)/IVT. 
** This access/egress coefficient is applied the following ratio of travel times – (0.5*OVT)* 

(1.5*access)/IVT. 

 A.2 Adjustments to Prior Log-Sum Values 

A series of adjustments were undertaken to the prior log-sum values in order to reflect 
changes between the 1999 and current versions of the high-speed rail travel demand 
models.  The adjustments accounted for differences in the following: 

• Structure of analysis regions used for the economic forecasting, necessitating 
reallocation of log-sum totals; 

• Forecasted source of HST ridership (e.g., auto, air, conventional rail, induced travel); 

• Values of time; 

• Number of trips by mode under high end assumptions; 

• Inclusion of non-commute intraregional trips in the new HST travel demand model; and 

• Travel model results by region for the Altamont and Pacheco HST network alternatives. 
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Appendix B.  Estimation of Non-
User Benefits 

This appendix describes technical procedures that were followed to estimate non-user 
benefits for the HST Alternatives.  The term “non-user benefits” refers to savings that 
accrue to individuals who do not use the HST system after service begins.  Nonetheless, 
these individuals might receive residual benefits from travel delay reductions or related 
areas that arise from diversion of trips to HST from auto, air, and/or conventional rail 
modes. 

 B.1 Auto Congestion Reduction Benefits 

The HST Alternatives involve diversion of trips from the auto mode to the HST mode.  
The alternatives also assume that the highway network from the No-Project Alternative 
remains in place to serve the remaining auto demand of the HST Alternatives.  The com-
bination of constant highway capacity and decreased travel demand via auto will lead to 
reductions in travel delay for individuals who remain in the auto mode. 

Auto congestion reduction benefits for each HST alternative were estimated by calculating 
the absolute difference between the vehicle hours traveled (VHT) under the HST 
Alternatives and the No-Project Alternative.  This calculation relied on results from the 
MTC Statewide High-Speed Rail Travel Demand Model.  For HST, travel demand model 
results were used for the HST Network Alternatives representing service to San Jose and 
Oakland termini in the Bay Area.  VHT results were tracked separately for trips wholly 
within a single metropolitan area (intraregional trips), as well as trips between metropoli-
tan areas (intercity trips).  Intraregional truck and auto VHT in the Bay Area and Southern 
California are forecast separately in the travel demand model, and were tracked sepa-
rately for the congestion reduction calculations.  For intraregional trips in other areas and 
all intercity trips, the travel demand model calculates total VHT.  This total was split into 
auto and truck components using VHT splits of 96.8 percent auto and 3.2 percent truck for 
intraregional, and 95 percent auto and 5 percent truck for intercity1. 

VHT changes were converted to monetary values by multiplying the absolute change in 
VHT by values of time (VOTs) corresponding to different trip purposes and regions.  For 
intraregional trips, average hourly wages for the Bay Area, Los Angeles, and the State 

                                                      
1 Truck Miles of Travel on the California State Highway System, 1989-2004, California Department of 

Transportation Division of Transportation System Information, August 2006. 
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were compiled from the Bureau of Labor Statistics and converted into hourly values by 
trip purposes using shares of wage rates by trip purpose that were determined by MTC.  
Table B.1 summarizes these intraregional VOTs.  For intercity trips, VOTs from the MTC 
Statewide High-Speed Rail Travel Demand Model were used.  These intercity VOTs are 
shown in Table B.2. 

Table B.1 Intraregional Values of Time by Trip Purpose 
(2005 Dollars Per Hour) 

 
Share of 

Wage Rate 
Bay 
Area 

Southern 
California 

California 
State 

Average Hourly Wage  $24.00 $20.40 $20.44 
Home-Based Work 46% $11.20 $9.30 $9.50 
Home-Based Shopping 32% $7.60 $6.30 $6.50 
Home-Based Social/Recreational 4% $0.90 $0.80 $0.80 
Home-Based Grade School 2% $0.40 $0.30 $0.30 
Home-Based High School 1% $0.30 $0.20 $0.20 
Home-Based College 3% $0.80 $0.60 $0.70 
Non-Home-Based 5% $1.30 $1.00 $1.10 
Trucks 100% $24.00 $20.40 $20.44 

Source: U.S. Bureau of Labor Statistics and Metropolitan Transportation Commission 
(http://www.mtc.ca.gov/maps_and_data/datamart/forecast/table4.htm). 

Table B.2 Intercity Values of Time by Trip Purpose 
(2005 Dollars Per Hour) 

 
Business 

Trips 
Commute 

Trips 
Other 
Trips 

Truck 
Trips 

Long Trips (>100 miles) $57.71 $57.71 $18.33 $30.00 
Short Trips (<100 miles) $27.60 $10.12 $7.93 $30.00 

Source: Bay Area/California High-Speed Rail Ridership and Revenue Forecasting Study, Interregional 
Model System Development, Cambridge Systematics, Inc., August 2006, Table 3.14. 

 B.2 Pollution and Accident Reduction Benefits 

As in the case of congestion reduction benefits, pollution and accident reduction benefits 
arise from the reduction in vehicle miles traveled (VMT) between the No-Project and the 
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HST Alternatives, given that the HST Alternatives involve diversion of trips from the auto 
mode to the HST mode. 

Pollution and accident reduction benefits for each HST alternative were estimated by cal-
culating the change in VMT between the No-Project and HST Alternatives.  VMT esti-
mates for each economic analysis region were forecast in the MTC Statewide High-Speed 
Travel Demand Model.  VMT changes were then converted to monetary values using 
conversion rates of $0.07 per VMT to estimate accident reduction benefits, and $0.009 per 
VMT to estimate pollution reduction benefits.  These values were taken from previous 
HST studies2 and adjusted for inflation. 

 B.3 Air Delay Reduction Benefits 

The HST Alternatives include transportation system changes that could lead to delay 
reductions for air travelers when compared to the No-Project Alternative.  Specifically, 
reduction in intrastate air travel with the HST Alternative could reduce the number of 
intrastate flights needed to accommodate this air demand, thereby, saving time for 
remaining intrastate, interstate, and international air travelers due to fewer takeoffs and 
landings at major airports. 

This analysis considered the potential for air delay reduction benefits at airports through-
out California.  As with a previous analysis performed for the HSRA,3 this analysis 
focused on airside delay reductions to passengers and aircraft operations at nine major 
airports in California.  Unlike the earlier analysis, however, this current analysis consid-
ered the potential for air delay reduction benefits to accrue to other locations throughout 
the State.  Although air carrier airports in these other locations were unlikely to experience 
meaningful changes in airside travel time, a portion of the air delay reduction benefit from 
major airports would actually accrue to the regions around these other airports due to 
changes in overall flight time for intrastate air travel. 

Airport Capacity 

Airport capacity was determined on a regional basis, which allowed for continuation of 
assumptions from the earlier HSRA work that flights (particularly intrastate) could shift 
from airports with high levels of delay to less congested airports in the same region.  The 
following regional groupings were used for major airports: 

                                                      
2 Economic Growth Effects of the System Alternatives for the Program Environmental Impact Report/

Environmental Impact Statement, Cambridge Systematics, Inc., July 2003. 
3 Independent Ridership and Passenger Revenue Projections for High-Speed Rail Alternatives in California, 

Appendix A, Charles River Associates, January 2000. 
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• Los Angeles – Los Angeles International, Burbank-Glendale-Pasadena, Ontario 
International, and Orange County (John Wayne Airport); 

• Bay Area – San Francisco International, San Jose International, and Oakland International; 

• Sacramento – Sacramento International; and 

• San Diego – San Diego International (Lindbergh Field). 

Airside operational capacity (annual service volume) was estimated on a regional basis 
using the existing number of runways and terminal gates, and improvements defined for 
the No-Project Alternative in the Bay Area to Central Valley Program EIR/EIS.  For this 
analysis, it was assumed that runway and terminal configurations were identical between 
the No-Project and HST Alternatives.  Physical facilities were converted to operational 
capacity using the following assumptions: 

• Gate utilization factor of 525,000 passengers per gate per year4; 

• Gate to runway ratio of 305; and 

• Average aircraft load of 74 passengers per operation6. 

The larger of the two values derived from runway and terminal gate improvements was 
assumed to represent the operational capacity in each region.  A summary of the airport 
physical features and operational capacity used for this analysis is presented in Table B.3. 

Table B.3 Airport Characteristics of the System Alternatives 

Airport Physical Features 

 Year 2005 

Increase from Year 2005 
for No-Project and 
HST Alternatives 

Annual Service Volumes 
(Thousands of Operations) 

Region Runways Gates Runways Gates Year 2002 Year 2030 
Los Angeles 10 194 0 24 2,153 2,307 
Bay Area 10 172 0 29 1,267 1,455 
Sacramento 2 30 0 14 315 405 
San Diego 1 41 0 8 270 322 

 

                                                      
4 System Alternatives Definition – Deliberative Draft, California High-Speed Rail Authority, 

November 18, 2002. 
5 ibid 
6 This value is a statewide average for major airports, and was derived from data presented in 

Appendix A of the Independent Ridership and Passenger Revenue Projections for High-Speed Rail 
Alternatives in California. 
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Air Travel Demand 

Results for each system alternative from the MTC Statewide High-Speed Rail Travel 
Demand Model provided the region-to-region air flows for intrastate air travel.  These 
region-to-region flows were aggregated to flow totals that reflected the regional airport 
grouping presented earlier.  This allocation of analysis regions to the regional groupings 
was as follows: 

• Los Angeles – Los Angeles, Orange, Riverside, San Bernardino, and Ventura; 

• Bay Area – Alameda, Contra Costa, San Francisco, San Mateo, Santa Clara and a por-
tion of the “rest of California”; 

• Sacramento – El Dorado, Placer, Sacramento, Sutter, Yolo and Yuba; 

• San Diego – San Diego; 

• Northern Central Valley – Fresno, Madera, Merced, San Joaquin, and Stanislaus; 

• Southern Central Valley – Kern, Kings, and Tulare; and 

• Rest of State – The remainder of the “rest of California” not included in the Bay Area. 

Estimates were also made of interstate and international enplanements and deplanements 
in each major region.  These estimates were based on results from a previous HSRA analy-
sis that had used travel model results for the Business Plan assumptions.7  The difference 
between total airport demand (from the HSRA analysis) and intrastate airport demand 
(from the MTC Statewide High-Speed Rail Travel Demand Model) provided a year 2030 
estimate of interstate and international airport demand (enplanements and deplane-
ments).  The total regional airport demand for this current analysis was estimated as the 
sum of the interstate/international airport demand and the intrastate travel model results 
for each system alternative. 

Commercial aircraft operations within each region were estimated using an assumed 
average of 74 passengers per operation. 

                                                      
7 Independent Ridership and Passenger Revenue Projections for High-Speed Rail Alternatives in California, 

Appendix A, Charles River Associates, January 2000. 
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Airport Delay 

Regional airport delay was estimated for each system alternative and HST design option 
using the equation:8 

6

*33.219.0.)(min ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
+=

volumeserviceannual
operationsannualoperationaircraftperDelay  

Operations and service volume estimates for each system alternative were taken from 
previous steps.  The delay reduction for the Altamont and Pacheco HST Alternatives was 
derived by subtracting the delay value from these alternatives from the delay value for the 
No-Project Alternative.  Delay reductions, which ranged from 0.1 minute at Sacramento 
up to 2.7 minutes in the Bay Area, are summarized in Table B.4. 

Table B.4 Year 2030 Annual Delay Reduction from No-Project 
Alternative for Aircraft Operations 

Altamont HST Alternative Pacheco HST Alternative 

 

Time Saved 
Per Operation 
(In Minutes) 

Annual Delay 
Reduction 

(Thousands of 
Passenger 

Hours) 

Time Saved 
Per Operation 
(In Minutes) 

Annual Delay 
Reduction 

(Thousands of 
Passenger 

Hours) 
Los Angeles Region 0.98 3,914 1.00 4,004 
Bay Area 2.62 7,455 2.67 7,609 
Sacramento 0.09 46 0.10 46 
San Diego 2.09 2,147 2.14 2,183 
Northern Central Valley – 4 – 4 
Southern Central Valley – 1 – 1 
Rest of State – 29 – 25 
Statewide Total – 13,596 – 13,872 

Source: Cambridge Systematics, Inc., 2003. 

Total delay reduction was calculated for aircraft operators and air travelers in each region 
by multiplying the delay reduction per operation by the estimated number of aircraft 
operations and air travel demand, respectively.  Separate tabulations were maintained for 
intrastate and interstate/international travelers. 

                                                      
8 Levinson, D., and D. Gillen, The Full Cost of Air Travel in the California Corridor, presented at the 

Annual Meeting of the Transportation Research Board, Washington, D.C., January 1999.  This 
equation was used in previous work by the HSRA. 
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Total regional delay savings for air travelers were split into business and non-business 
components, assuming that business travel represented about 54.3 percent of total air 
travel.  This percentage represents a statewide average for intrastate air travel using travel 
demand results from the No-Project Alternative.  This percentage was assumed to apply 
equally to intrastate and interstate/international air travelers. 

A portion of the delay reduction within the four major airport regions was assumed to 
accrue to airports elsewhere in the State.  This allocation considered time savings for intra-
state air travelers from the northern and southern Central Valley and the rest of the State 
that travel into or through airports in one of the four major regions.  Average delay 
reductions for flights at each major airport were applied to estimates of air travel between 
the four major airport regions and elsewhere in the State.  The resulting delay reductions 
were applied to the other airports, and then subtracted from the original delay reduction 
estimates for the major airports (to avoid double-counting of benefits). 

Monetized Benefits 

The delay reduction benefits were converted to monetary benefits using the following 
“values of time” (expressed in 2005 dollars): 

• $57.72 per hour for a business or commute traveler; 

• $18.33 per hour for a non-business/commute traveler; and 

• $2,910 per aircraft operating hour. 

The monetary benefits were assumed to accrue one-half at the origin end and one-half at 
the destination end of each trip.  For interstate and international flights, this assumption 
means that one-half of delay savings is “lost” to some other location, either domestically or 
internationally. 
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Appendix C.  Analysis of Business 
Attraction 

This analysis considered the potential for increased business activity within the study area 
as a result of better access to markets.  This effect is separate from (and additional to) the 
economic benefits of improved travel efficiency.  Business attraction captures the benefit 
of new locational advantages resulting from better transportation linkages and expanded 
market access. 

In producing goods, firms rely on access to suppliers and a quality labor force.  In addi-
tion, many firms also rely on proximity to consumer markets to sell their goods.  Trans-
portation projects have the potential to change these economic landscapes by expanding 
the area within which a business will access suppliers, customers, or workers.  This effect 
may be achieved either by creating new transportation linkages, or by increasing speeds 
on existing transportation networks.  In either case, the new linkages may facilitate scale 
economies through improved access to producers and skilled labor markets.  Over time, 
this increased productivity may enable existing firms to increase output and employment, 
and it may draw other firms to the region.  The net result is increased output and 
employment. 

These general effects of transportation investments on economic development will depend 
on changes in accessibility to input (workers and supplies) and output markets, industry 
sector characteristics, and local economic characteristics.  These three factors, which are 
summarized in Table C.1, comprise the general framework used in the business attraction 
model (BAM) within TREDIS.  Modeling the effects of any particular transportation 
improvement, however, requires fine-tuning of a generalized BAM to capture the unique 
characteristics associated with the affected transportation modes and the economic geog-
raphy of the areas being modeled. 
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Table C.1 General Business Attraction Modeling Framework 

Element General Indicator 
Accessibility Measures 
Product Markets and Suppliers Level of economic activity within radius 
Regional/International Markets Time to airports, rail centers, ports, etc. 
Labor Market Access Number of workers within fixed radius 
Local Area Characteristics 
Labor Cost Relative manufacturing wage 
Office/Warehouse Cost Relative rents or land/housing costs 
Skilled Workers Percent of population with bachelor’s degree 
Industry Sector Characteristics 
Space Intensity Average floor space per worker 
Skill Intensity Percent production workers; average wage 
Transportation Intensity Transportation as % of production costs 

 

 C.1 Business Attraction Framework 

Accessibility Measures 

Accessibility effects capture the absolute influence of transportation improvements on 
access to labor, supplier, and buyer markets.  The relevant radius for labor market access 
is generally smaller (e.g., 60 to 90 minutes) than for supplier and buyer market access (e.g., 
180 to 240 minutes).  Accessibility measures capture the effects of transportation 
improvements on existing firms in an area that will experience lower transportation costs, 
as well as the overall attractiveness of an area as a site for new firms.  Transportation 
improvements also improve access to regional and international markets by reducing the 
time and costs to key transportation modes (e.g., airports, rail centers, and sea and river 
ports).  The level of these improvements is measured by the percent reduction in time 
needed to access these modes and points. 

Local Area Characteristics 

Improvements in accessibility interact with local economic characteristics, including land 
and labor costs and workforce characteristics, to determine the overall level of economic 
benefit associated with improved transportation networks.  For existing firms, access to 
new sources of labor is a key factor; with improved access, firms might increase market 
share or expand the range of activities at existing sites.  New firm locations are influenced 
by similar factors.  For example, areas with relatively low-cost land and labor can expect 
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to increase their chances of attracting labor- and land-intensive industrial activities, while 
those with access to highly skilled labor will be attractive to skilled manufacturing, high-
end services, management, and engineering activities. 

Industry Sector Characteristics 

Industry sector characteristics are important for identifying the types of industries that 
will be drawn to an area after transportation improvements.  The key industry sector 
characteristics modeled include the following: 

• The space intensity of the industry, which measures the average amount of floor space 
required for each worker; 

• Skill intensity, which captures each industry’s dependence on skilled labor; and 

• Transportation intensity, which reflects the percent of total production costs that go to 
transportation-related expenses. 

Local areas with low costs of industrial space (e.g., land, offices, plants, warehouses) will 
be attractive to industries that require large amounts of footage per employee.  Local areas 
with a high proportion of skilled workers will be attractive to industries that require 
highly skilled workers in production and support activities like research and develop-
ment.  In all cases, industries with higher transportation intensities will be more strongly 
affected by improvements – and associated cost and time savings – associated with infra-
structure improvements. 

 C.2 Modeling Transportation Alternatives for California 

Business Attraction Model Modifications 

Two primary modifications had to be made to the BAM for this project.  First, unlike 
highway or airport improvements that increase the efficiency with which people and 
freight can be transported, international experience suggests that HST is used almost 
exclusively for the transport of people.  To address this, modifications were made to cate-
gorize industries based on the relative weights of personnel versus freight movements in 
total transportation costs.  Second, the economic geography of California is unique:  unlike 
rural areas, where economic activity is more dispersed and networked, or states such as 
Massachusetts, where a large portion of economic activity is centered around one city 
(Boston), California is characterized by two primary concentrations of activity – the Bay 
Area and Los Angeles.  To address this, each county affected by HST was categorized 
according to the likely influence of the Bay Area and Los Angeles on their business attrac-
tion potential.  Modifications to the BAM used for analysis of California HST are summa-
rized in Table C.2. 
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Table C.2 Modifications to General Business Attraction Model for HST 
Analysis 

Unique Feature Modification to BAM 
Modal Characteristics 
HST transports primarily people Industry dependence on business travel 
Other modes transport people and freight Industry dependence on freight movements 
Local Area Characteristics 
Concentration of activity in Bay Area Develop production costs for each county in Bay 

Area and Northern Central Valley relative to San 
Francisco 

Concentration of activity in Los Angeles Develop production costs for each county in 
Southern California and Southern Central Valley 
relative to Los Angeles 

Industry Sector Characteristics 
Cost competitiveness Off/plant and labor costs 
Skill base Educational attainment levels 

 

Two sets of business attraction effects were modeled for the HST alternatives: 

1. The direct accessibility effects of the introduction of HST; and 

2. The indirect benefits associated with reductions in highway congestion as highway 
users switch to HST. 

In addition, improvements associated with access to international airports were recog-
nized in the enhanced economic impact model.  These are associated with ease of accessing 
major national and international markets. 

For new business attraction, the analysis of HST and highway infrastructure effects pro-
ceeded in three steps: 

1. Estimation of labor, market, and airport accessibility numbers, with changes used to 
generate estimates of the overall increases in market size; 

2. Characterization of industry sector to estimate the potential of change on activity in 
each industry, based on the industry’s transportation and skill requirements; and 

3. Characterization of each county’s business environment to translate potential maxi-
mum industry sector growth into actual business attraction by county. 

In short, the process can be thought of as a matching between industry sector demands 
and county characteristics that yields estimates of business attraction by industry, county, 
and mode. 
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Labor, Market, and Airport Accessibility 

Introduction of HST and improvements in highways and airports will increase access to 
labor and output markets.  For HST modeling, the increase in labor market accessibility 
was modeled by the increase in the number of workers (as proxied by total employment 
levels) within a 90-minute radius; for highway improvements, a 60-minute radius was 
used.  Different radii were used to reflect different valuations of time for commuters in 
each mode:  while HST commuters can read, write, and work while commuting, highway 
users cannot.  The proportion of lost time will be higher for highway commuters and, 
accordingly, acceptable commute lengths lower. 

In both alternatives, increased market access is modeled by the change in access to eco-
nomic activity (as proxied by total employment levels) within a 180-minute radius.  With 
improved market access, existing firms (that can be assumed to have already developed 
some competitive advantage) expand the potential market areas for their products.  These 
improvements translate into greater sales and employment for existing firms.  Thus, firms 
in counties like Los Angeles, with a broad and deep economic base already in place, are 
expected to experience growth in the size or range of functions by firms already located 
there as the effective market area expands.  At the same time, greater market access makes 
peripheral counties with less developed economic bases more attractive locations for the 
siting of new firms.  With improved access, smaller or more remote counties enjoy a 
greater effective market area and become more attractive than in the past vis-à-vis large 
economic centers like Los Angeles and San Francisco.  In this way, improved market 
access will be expected to increase the competitiveness of all sites relative to other loca-
tions in the U.S., while at the same time improving the attractiveness of California 
counties that lie on the periphery of the existing industrial centers. 

The accessibility estimates were prepared using the MTC Statewide High-Speed Rail 
Travel Demand Model.  For each alternative, the number of people and jobs that were 
accessible within certain time bands was calculated.  The time band was estimated using 
door-to-door travel times on the fastest available mode between each origin-destination 
pair.  The time band information was then combined with the population and employ-
ment forecasts to estimate the total labor and business market access in each county (for 
each trip purpose, mode, and alternative).  In addition, the model was used to estimate the 
average auto travel time necessary to travel to a major airport from each of the 
16 California regions. 

Industry Sector Characteristics 

The effect of industry sector characteristics was modeled based on the intensity and type 
(i.e., the relative importance of freight shipments versus personnel movements) of trans-
portation requirements associated with each industry.  Intuitively, access to HST would 
seem to affect most strongly industries, such as legal services, finance, insurance, and 
management services that utilize transportation services primarily to move persons (an 
assumption borne out by case studies of business attraction effects of HST in Europe, 
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North America, and Asia).  Improvements in highways, on the other hand, will more 
strongly influence industries that utilize transportation services primarily to move freight, 
such as manufacturing, warehousing, and distribution firms. 

Industry estimates of freight versus personnel movement were developed based on typi-
cal business travel expenses calculated from national input/output coefficients from the 
U.S. Bureau of Economic Analysis.  Effects on different industry sectors will also be influ-
enced by the types of workers required by each industry.  In general, industries that 
require higher proportions of skilled and specialized labor benefit from improved labor 
market access more than those that rely more heavily on low skilled workers.  To capture 
this effect, skill-intensity measures were developed for each industry, based on the pro-
portions of production and non-production workers and average industry sector wages, 
as reported by the U.S. Department of Labor. 

County Characteristics 

Two sets of county characteristics were developed: 

1. Cost-competitiveness, based on local labor and office/plant/warehouse costs; and 

2. Workforce characteristics based on educational attainment levels of the population in 
each county.1 

For each county in the Bay Area and northern Central Valley, an overall indicator of cost 
competitiveness was determined by the costs of land and labor relative to San Francisco 
County; for counties in the southern Central Valley and Southern California, comparisons 
were made to Los Angeles County.  In conjunction with data on the baseline economic 
structure (i.e., employment levels by industry in the comparator and other modeled coun-
ties), data on county characteristics provide a measure competitiveness of each county 
relative to the San Francisco and Los Angeles.  Combined with county-level accessibility 
measures, these data are used to estimate the shift in economic activity from the com-
parator counties to the outlying counties. 

Final Adjustments 

The business attraction model operates separately and independently for each of the 
15 regions directly impacted by the HST alignments.  Thus, gross results include some 
“double-counting” of job creation because jobs drawn to one affected region may have 
been attracted away from another affected area.  For example, some of the BAM-
forecasted jobs attracted to Fresno may be drawn away from San Francisco (among other 
                                                      
1 Data on labor costs were taken from the County Business Patterns, U.S. Census Bureau; data on land and 

office costs were derived from county housing and rental costs from U.S. Census Bureau; and county 
educational attainment levels were taken from U.S. Census Bureau. 

C035790



 

Economic Growth Effects Analysis for the Bay Area to Centra Valley Program-Level  
Environmental Impact Report and Tier 1 Environmental Impact Statement 

Cambridge Systematics, Inc. C-7 

counties).  To account for this effect for all of California, a model was developed that 
determines the likely source of predicted job attraction for each of the 15 BAM regions.  
The model operates at the county level, and the source county for each attracted job is 
based on several factors: 

• The attracted job’s industrial sector; 

• The amount of sector-specific employment in any potential source county; 

• The sector-specific employment trend in any potential source county relative to the 
U.S. trend; and 

• The effective time and cost involved in travel between the potential source county and 
county to which jobs are attracted 

The model was run for each of the 15 California regions with market access benefits, 
pooling jobs drawn from any California county.  Results were then aggregated back to the 
16 regions, and the totals were subtracted from the gross BAM results to determine net 
business attraction. 
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Appendix D.  Detailed Tabulation 
of Traveler Benefits 
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Table D.1 Year 2030 Traveler Benefit Detail for the Pacheco HST Alternative 
(Thousands of 2005 Dollars) 

 

Core 
Study 
Area 

Bay Area 

Core 
Study 

Central 
Valley 

Southern 
Sacrament
o Valley 

Southern 
San 

Joaquin 
Southern 
California 

San Diego 
County 

Rest of 
California Total 

Mode Shift Benefits for Intercity 
Business Travelers 

947,872 362,010 71,181 44,578 1,351,478 475,810 261,219 3,514,149 

Mode Shift Benefits for Intercity Non-
Business Travelers 

527,229 219,507 45,256 37,669 656,523 217,917 134,539 1,838,639 

Auto Delay Reduction for Intercity 
Business Travelers 

156,257 408,393 34,499 243,477 711,366 225,321 199,312 1,978,625 

Auto Delay Reduction for Intercity 
Non-Business Travelers 

235,942 809,914 72,051 379,687 792,745 302,503 343,730 2,936,572 

Accident Reduction for Business 
Travelers 

163,020 102,355 6,653 61,788 450,053 46,100 78,253 908,222 

Accident Reduction for Non-Business 
Travelers 

186,809 117,290 7,624 70,805 515,726 52,827 89,672 1,040,752 

Air Pollution Reduction for Business 
Travelers 

21,525 13,499 877 8,149 60,383 6,080 10,321 120,834 

Air Pollution Reduction for Non-
Business Travelers 

24,666 15,469 1,005 9,338 69,194 6,967 11,827 138,466 

Mode Shift Benefits for Intra-Regional 
Travelers 

40,811 0 0 0 87,862 16,801 0 145,474 

Auto Delay Reduction for Intra-
Regional Travelers 

941,251 18,634 3,194 12,036 3,102,342 420,824 341,437 4,839,716 

Air Delay Reduction for Business 
Travelers 

140,181 957 130 29 73,503 49,351 782 264,933 

Air Delay Reduction for Non-Business 
Travelers 

37,528 256 35 8 19,678 13,212 209 70,926 

Air Delay Reduction for Operators 160,076 1,092 80 18 83,935 56,355 484 302,041 

C035794



 

Economic Growth Effects Analysis for the Bay Area to Central Valley Program-Level  
Environmental Impact Report and Tier 1 Environmental Impact Statement 

Cambridge Systematics, Inc. D-3 

Table D.2 Year 2030 Traveler Benefit Details for the Altamont HST Alternative 
(Thousands of 2005 Dollars) 

 

Core 
Study 
Area 

Bay Area 

Core 
Study 

Central 
Valley 

Southern 
Sacrament
o Valley 

Southern 
San 

Joaquin 
Southern 
California 

San Diego 
County 

Rest of 
California Total 

Mode Shift Benefits for Intercity 
Business Travelers 

928,552 388,268 81,512 45,506 1,355,622 476,292 270,770 3,546,522 

Mode Shift Benefits for Intercity Non-
Business Travelers 

491,795 229,688 51,966 36,926 634,307 202,223 132,047 1,778,952 

Auto Delay Reduction for Intercity 
Business Travelers 

142,673 386,877 35,221 225,115 479,047 187,137 186,994 1,643,064 

Auto Delay Reduction for Intercity 
Non-Business Travelers 

205,091 766,351 74,044 335,205 685,815 251,690 301,676 2,619,872 

Accident Reduction for Business 
Travelers 

60,474 99,105 11,371 56,664 433,540 41,757 75,804 778,715 

Accident Reduction for Non-Business 
Travelers 

69,298 113,566 13,031 64,933 496,803 47,850 86,866 892,347 

Air Pollution Reduction for Business 
Travelers 

7,976 13,071 1,500 7,473 57,178 5,507 9,998 102,702 

Air Pollution Reduction for Non-
Business Travelers 

9,139 14,978 1,719 8,564 65,522 6,311 11,456 117,689 

Mode Shift Benefits for Intraregional 
Travelers 

40,811 0 0 0 88,036 16,627 0 145,474 

Auto Delay Reduction for Intraregional 
Travelers 

242,322 25,873 30,511 12,610 3,040,712 517,834 175,307 4,045,170 

Air Delay Reduction for Business 
Travelers 

137,400 945 125 30 71,891 48,700 888 259,979 

Air Delay Reduction for Non-Business 
Travelers 

36,784 253 33 8 19,246 13,038 238 69,600 

Air Delay Reduction for Operators 156,900 1,079 78 19 82,094 55,612 550 296,330 
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Appendix E.  Land Consumption 
Analysis for Employment 

The analytical process for estimating employment-related land consumption was identical 
to the process followed for the Statewide Program EIR/EIS.  This process consisted of 
three main steps, including development of a database of current employment density for 
every ZIP code, allocation of forecast employment to segments of the urbanized area 
around each station, and tabulation of resulting land consumption. 

The process began by classifying every ZIP code in the study area into subcounties associ-
ated with each station.  Subcounties are the basic area of influence assumed for each sta-
tion.  Where no single HST alternative proposes more than one station in a county, the 
area of influence generally consists of the entire county.  Where multiple HST stations 
exist within a county, the county was divided along ZIP code boundaries into subcounties 
associated with each station.  For large counties with boundaries that extend well beyond 
25 miles from the proposed alignment, such as Fresno County that extends far east and 
west of the corridor, only the portion of the county within the study area was used.  By 
focusing on only those ZIP codes closest to the proposed HST alignment, the influence of 
development patterns typical of less densely populated portions of the State on the statis-
tical analysis was minimized.  Furthermore, the study area boundary concentrates devel-
opment impacts of HST generally within 25 miles of the corridor, which leads to more 
reliable results.  Figure E.1 shows the subcounties and the study area included in the 
analysis. 

Each subcounty is associated with one “prototype” based on the position of a potential 
HST station within the system and the nature of existing development patterns in the sub-
county.  Prototypes included the following: 

• Terminal (station at the end of a line in a major city downtown); 

• Urban (through station in a small city downtown or other densely urbanized area); 

• Suburban (through station in a lower density urbanized area); 

• Urban-outlying (through station in a city independent of a major metropolitan area, 
such as in the Central Valley); and 

• Rural (through station in a small rural community). 
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Figure E.1 Subcounties and Study Area for Employment 
Land Consumption 

 
 

Each subcounty is further subdivided into three subregions, which include the following: 

1. Downtown – Traditional central business district; 

2. Infill – Rest of currently urbanized area as defined by the U.S. Census; and 

3. Other – Undeveloped land located outside of the currently urbanized area. 
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 E.1 Disaggregation of Statewide and Regional 
Employment Forecasts 

County-level employment forecasts by industry were allocated to subcounties based on 
the total current employment in the ZIP codes contained in each subcounty.  These disag-
gregation factors were based on the number of establishments by size class and industry 
as reported by the U.S. Census in its 1997 ZIP Code Business Patterns (CBP) data; adjusted 
to 2002 county control totals as reported by Woods and Poole. 

 E.2 Development of Current Employment Density Profile 
Employment density was calculated by industry for each ZIP code in the study area.  
Employment by ZIP was based on the CBP data.  Employment land area was based on 
land use data provided by each jurisdiction in the study area.  Existing land available for 
employment uses was derived from the calculations of land zoned for employment by 
one-digit SIC for each ZIP code.  In counties for which no zoning data was available, the 
land available for each industry was calculated using average percentages of total land 
area available for each use.1  Different averages were used for each prototype-subregion 
combination to better reflect local conditions. 

Density profiles were developed for each of the 15 prototype-subregion combinations to 
represent the range of development patterns encountered across the study area.  Densities 
are expressed as employees per acre of land zoned for employment in each industry.  The 
profiles include densities in five percentile increments from the 0th to 100th.  Table E.1 
shows the median (50th percentile) density value for each industry and prototype-subregion 
combination. 

                                                      
1 In Fresno and Madera Counties, the land available was computed based on statewide average 

shares of total land area by prototype and subregion.  In Alameda, Contra Costa, Santa Clara, San 
Francisco, and San Mateo Counties, land available was computed based on statewide shares of 
total employment area by prototype and subregion using employment land area data provided 
by the Association of Bay Area Governments (ABAG).  These averages were derived from the 
calculations by ZIP for the rest of the State. 
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Table E.1 Median Employment Density by Industry 

Employment Density 
(Employees Per Acre) 
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Terminal            
Downtown 29 0 0 23 35 36 13 30 72 112 366 
Infill 66 0 0 31 3 23 6 19 10 44 324 
Other 9 0 0 1 0 0 2 4 2 11 0 
Urban            
Downtown 32 0 0 68 35 14 13 20 63 62 405 
Infill 430 0 0 42 17 9 9 20 32 36 240 
Other 4 0 0 68 17 0 11 644 5 9 3 
Suburban            
Downtown 0           
Infill 167 0 0 56 14 4 8 22 49 26 222 
Other 16 0 0 15 0 1 0 6 4 16 23 
Outlying            
Downtown 11 0 2 49 2 4 4 26 7 50 781 
Infill 71 0 0 11 2 2 2 12 4 14 88 
Other 12 0 0 10 1 4 1 3 1 1 247 
Rural            
Downtown 0           
Infill 69 0 0 23 5 118 5 20 3 24 158 
Other 18 0 0 0 2 109 11 4 0 5 194 

Note: Development in suburban and rural downtowns is assumed to be the same as in their respective infill 
areas, because downtowns in these locations are generally not distinguishable from the rest of the 
urban area at the ZIP code level of geographic detail. 

The profile presents the range of densities encountered in all counties potentially served 
by HST.  Assumptions were made based on the review of domestic and international 
experience about how station area development would intensify over time.  Major conclu-
sions from the research translated into the following densification assumptions: 

• Expected development intensity of new real estate investment is assumed to be 50th 
percentile (median) at present in all areas, with normal ongoing infill and refill 
increasing intensity to 60th percentile by 2030 in downtown and infill areas.  Other 
areas continue to develop at median intensity through 2030. 

• The No-Project Alternative has no further development intensification effect in down-
town, infill, or other areas. 
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• The HST Alternatives have no further intensification effect outside of the station influ-
ence area.  While it has been assumed the influence area generally extends in a one-
mile radius from a station, this distance can vary due to the ZIP code granularity of the 
analysis. 

• Under regular market forces, the HST Alternatives are assumed to have an intensifica-
tion effect in station influence area by 2030 (75th percentile). 

Table E.2 summarizes the development density gradient of each alternative throughout 
the station subcounty. 

Table E.2 Density Gradient 

Percentile Value of Assumed Density  
for Subregion and Alternative 

Alternative 
Station 

Area 
Downtown 

Area 
Infill 
Area 

Other 
Area 

2005 Existing Conditions n/a 50 50 50 
2030 No-Project n/a 60 60 50 
2030 Altamont HST 75 60 60 50 
2030 Pacheco HST 75 60 60 50 

Note: For Altamont and Pacheco HST Alternatives, subregions are defined as the rest of the No-
Project subregion that is not included in the station area. 

 E.3 Allocation of Employment to Subregions  
and Calculation of Land Requirements 

Land consumption was computed for a subcounty by allocating future employment to 
each subregion in a step-wise fashion.  For the No-Project Alternative, a subcounty’s fore-
casted employment was first allocated to the downtown area.  The number of additional 
employees that could be accommodated in the downtown area is computed as the future 
carrying capacity of the subregion less the current employment in the subregion.  The car-
rying capacity for each industry group is defined as the product of the acres of land avail-
able and the assumed employment density per acre based on the density gradient.  If the 
current employment in the downtown area is greater than the assumed future carrying 
capacity, no additional employment was allocated.  Any employment not accommodated 
in the downtown area was assumed to overflow to the infill area.  The above process was 
then repeated for the infill area, with any remaining employment then assumed to over-
flow to the other area.  The other area employment (by industry) was divided by the 
appropriate employment density values to arrive at a land consumption estimate for each 
subcounty, with results then aggregated to the county level. 
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The step-wise process was modified slightly for the Altamont and Pacheco HST Alternatives, 
with employment allocation first occurring for the station influence area.  If the station is 
located in the downtown subregion, employment was next allocated to the rest of the 
downtown area, then to the infill area.  If the station is located in the infill or other areas, 
employment was next allocated to the rest of the infill area, then to the downtown area.  In 
both cases, any remaining employment was allocated to the other area as occurred for the 
No-Project Alternative. 

 E.4 Tabulation of Results 

For this analysis, land consumption was defined as the increase in the acreage of land at 
urbanized densities in each county.  This value is equal to the land acreage in other areas 
that is needed to accommodate growth in employment and population.  The calculation of 
employment-related land consumption is described in this appendix, while the calculation 
of population-related values is described in Appendix F.  Results for each county are 
shown in Appendix I. 
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Appendix F.  Land Consumption 
Analysis for Population 

The allocation of population growth to various locations along the HST system and the 
prediction of land consumption resulting from residential construction on raw land were 
estimated using the California Urbanization and Biodiversity Analysis (CURBA) model.  
CURBA is a spatial decision support system developed within the ESRI ArcGIS software 
package by the University of California at Berkeley’s Institute of Urban and Regional 
Development. 

CURBA takes employment and population growth information, and uses a number of 
historically-calibrated spatial statistical models to assign residential growth to various 
locations in and around the existing urban area.  By modifying CURBA’s employment 
distribution, infill allocation, and raw land development densities, the package was used 
to estimate the nature and amount of raw land consumption under the various alterna-
tives.  An overview of the CURBA forecasting methodology is illustrated in Figure F.1. 

 F.1 Calibration Phase 

The model begins by calibrating a spatial-statistical model of historical development pat-
terns (Step A).  Land use change information was obtained from the California Farmland 
Mapping and Monitoring Program (CFMMP), a division of the California Department of 
Conservation.  Through a combination of remote-sensing and local ground-truthing, the 
CFFMP conducted detailed bi-annual land cover inventories of urban development in 
1988 and 1998.  CFMMP data is generally accurate down to the one-hectare level. 

The calibrated model parameters are then used with contemporary spatial data to gener-
ate a development probability surface describing the likelihood that particular undevel-
oped sites will subsequently be developed (Step B).  Binomial logit models with four 
categories of independent variables were estimated using a maximum likelihood proce-
dure.  To better account for regional variations, three separate models were used, covering 
all counties in the HST study area.  Categories of independent variables include: 
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Figure F.1 CURBA Forecasting Methodology 

Forecasting PhaseForecasting Phase

Subtract Projected Infill 
and Redevelopment Shares

Project Future Growth 
Allocation Densities

Project County-Level 
Population Growth

Update Key Variables
and Iterate

Allocate Growth to 
Greenfield Areas

Calibration PhaseCalibration Phase

Project Future 
Development Probabilities 

by Site

Calibrate Historical 
Urban Growth Model

 
 

• Demand variables, which measure the demand for sites as a function of their accessi-
bility to job opportunities and job growth, as well local income levels, such as the 
number of jobs within 90-minute travel time of a grid cell and the ratio of community 
median household income to county median household income; 

• Own-site variables, which measure the physical and land use characteristics of each 
grid-cell as determinants of its development potential, such as the squared distance 
from each site to the nearest freeway, whether the site is classified as prime farmland 
by the CFMMP, the average percentage slope of each site, and whether the site falls 
within the FEMA-designated 100-year flood zone; 

• Adjacency and neighborhood variables, which summarize the environmental and land 
use characteristics of adjacent and neighboring grid-cells, such as the average slope of 
the cells within near each subject site, and the share of sites near the subject site which 
are located in the FEMA 100-year flood zone; and 
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• Regulatory and administrative variables, which are intended to capture the development-
encouraging or constraining effects of different land use policies and regulations, such 
as whether or not a site is located within an incorporated city. 

 F.2 Forecasting Phase 

As shown in Figure F.1, the forecasting process included five distinct steps.  The timing of 
development is predicted as a function of State and county population growth pressures 
(Step 1), the share of population accommodated through infill development (Step 2), and 
the density at which development occurs (Step 3).  Projected population growth, net of 
infill, is then allocated to allowable development sites in order of their projected develop-
ment probability (from Step B) at designated development densities. The county-level 
population forecasts were developed as part of an earlier phase of this overall project, and 
are described in Section 3.0 of the main report.  Remaining steps are described in more 
detail below. 

Infill and Redevelopment Shares 

Projected infill and redevelopment shares were subtracted to reflect the fact that a signifi-
cant share of projected population growth will occur within the existing urban footprint in 
the form of infill or redevelopment.  Infill shares tend to rise over time as remaining un-
developed areas are used up and as developers reconsider previously passed-over infill 
lands.  A cross-sectional regression model was developed relating current county infill 
shares to remaining supplies of undeveloped land.  This model was then used to project 
future population shares in infill and currently undeveloped areas for the year 2030. 

Future Growth Allocation Densities 

The amount of undeveloped land consumed by future population growth will depend 
both on the magnitude of growth and on its gross density.  Marginal gross densities – that 
is the gross densities of new development – were estimated for each county by dividing 
the change in the population between 1988 and 1998 by the change in urbanized land area 
for the same period.  Theory suggests that densities should rise as available supplies of 
undeveloped land are used up, as developers seek to use remaining lands more intensely.  
A cross-sectional regression model was developed relating marginal densities to remaining 
supplies of undeveloped land.  This model was then used to project future allocation den-
sities by county for the year 2030.  These county-specific estimates are then converted into 
hectare-specific densities using a rule set reflecting the manner in which General Plans 
and zoning measures modify allowable densities of development in regards to regional 
location and natural factors. 
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Allocate Growth to Currently Undeveloped Areas 

Remaining population growth was allocated to undeveloped sites in each county in order 
of development probability.  Starting with the hectare-scale development probability 
scores derived above, a series of exclusion conditions are developed identifying which 
sites are to be precluded from development.  Projected population growth (from Step 2) 
for the period 2000-2030 is then allocated to sites at projected densities (from Step 3) in 
order of development probability (from high to low), subject to any exclusion conditions. 

 F.3 Key Assumptions  

Several assumptions are embedded in the employment and residential land requirements 
forecasting procedures and their components: 

• The same factors that shaped land development patterns in the recent past will con-
tinue to do so in the future, and in the same ways.  With the exception of the immedi-
ate area around HST stations, the employment forecasting procedure allocates future 
growth to subregions of each metropolitan area based on existing development pat-
terns observed around the State and areas currently designated for employment uses.  
The residential forecasting procedure allocates future development to individual sites 
based on their projected development probability, which are estimated using the 
results of a statistical model calibrated for the period 1988 to 1998.  While the exact role 
of particular factors varies by region, several influences are consistently important, 
including proximity to freeways, access to jobs, site slope, and site incorporation 
status.  To the extent that these factors are less important in the future, or are important 
in different ways – or, as is even more likely, that other factors become important – the 
model results may vary from what is presented here. 

• Employment will continue decentralizing within California’s four major urban 
regions – Southern California, the greater San Francisco Bay Area, the Sacramento 
region, and the southern San Joaquin Valley.  Taking advantage of improved freeway 
access, less expensive land, and lower development costs, job growth during the last 
50 years has favored suburban locations over core cities.  To the extent that this trend 
continues – given the increasing importance of telecommunications in shaping eco-
nomic geography, and in the absence of countervailing policies, there is no reason to 
believe that it should not – decentralizing job growth will continue to pull population 
outward, leading to more decentralized growth patterns. 

• Average infill rates and population densities will increase with additional develop-
ment.  It is an axiom of economics that scarce resources are used more intensely than 
plentiful ones.  Following this logic, as available supplies of developable land are used 
up, developers seek ways to use remaining land more intensely, either by increasing 
densities or through redevelopment.  Thus, both development densities and infill 
activity should increase with population growth.  Counteracting this tendency is the 
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desire of many residents to preserve a rural or suburban lifestyle.  Thus, there are 
many parts of California where infill activity and development densities are below 
what theory suggests they should be.  For the purposes of analyzing all alternatives, it 
is assumed that future infill activity and development densities will continue to 
increase.  To the extent that they do not, additional sites will be needed to accommo-
date projected population growth. 

• With respect to the No-Project Scenario, it is assumed that no major changes in trans-
portation accessibility (e.g., new freeways or transit lines, significant improvements in 
travel time, etc.) will occur.  Although it is abundantly clear that California’s growing 
population will need additional transportation infrastructure, it is unclear what the 
infrastructure should be, where it should go, and how it should be planned and 
financed.  Lacking these specifics, and for the purposes of constructing a No-Project 
scenario, we assumed no change in transportation technology or facilities beyond 
what is currently available or included in the No-Project Alternative.  The effect of this 
assumption is to direct additional growth largely to locations already served by trans-
portation infrastructure rather than to new or different areas. 
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Appendix G.  Employment 
Forecasts by Industry Sector 
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Table G.1 Employment Estimate by Industry Grouping 
Year 2005 Existing Conditions 

Region Farming Mining Construction Manufacturing TCU 
Wholesale 

Trade 
Retail 
Trade FIRE Services Government Total 

Alameda 8,426 587 52,136 92,698 49,912 62,029 135,138 72,224 353,661 127,126 953,937 

Contra Costa 12,003 1,765 35,399 26,425 21,746 14,423 79,999 69,879 194,725 52,491 508,854 

San Francisco 3,758 438 25,495 25,418 40,306 22,346 115,445 100,321 336,694 109,138 779,357 

San Mateo 9,584 327 27,326 33,166 39,994 21,332 70,882 55,872 227,400 36,947 522,830 

Santa Clara 19,215 633 59,832 236,372 38,208 59,683 178,323 95,739 518,220 117,694 1,323,920 

Study Area –  
Bay Area 

52,986 3,749 200,188 414,079 190,166 179,813 579,787 394,036 1,630,699 443,395 4,088,898 

Fresno 65,687 402 22,321 29,345 16,743 16,676 64,956 29,734 122,108 67,798 435,769 

Madera 13,956 133 2,979 4,052 1,744 1,015 7,158 2,948 13,434 9,473 56,892 

Merced 14,687 63 3,680 11,754 3,027 1,820 14,222 4,526 19,442 14,146 87,365 

Sacramento 11,002 316 50,892 34,557 27,997 25,950 124,757 78,688 258,932 192,887 805,978 

San Joaquin 24,952 201 17,238 24,020 17,543 12,344 45,017 19,627 74,798 38,417 274,155 

Stanislaus 22,734 100 13,385 24,037 8,910 9,759 41,323 13,930 61,870 28,443 224,491 

Study Area –  
Central Valley 

153,017 1,214 110,494 127,765 75,965 67,563 297,432 149,453 550,584 351,163 1,884,650 

Southern Sacramento 
Valley 

23,496 672 35,876 25,702 18,525 16,841 79,839 42,296 137,730 75,858 456,834 

Southern San Joaquin 
Valley 

112,116 10,023 25,670 27,893 25,136 16,446 82,911 30,336 135,745 110,659 576,935 

Southern California 134,414 10,066 445,411 891,553 433,885 507,724 1,439,244 893,749 3,467,334 1,067,460 9,290,841 

San Diego 41,123 1,158 101,481 122,773 60,648 66,127 285,675 172,543 684,891 358,582 1,895,002 

Rest of California* 110,438 4,406 142,577 225,106 110,200 117,540 421,947 246,424 960,561 370,778 2,709,974 

Statewide Total 627,589 31,288 1,061,697 1,834,872 914,524 972,053 3,186,834 1,928,837 7,567,544 2,777,895 20,903,134 

Source: Cambridge Systematics, Inc., 2007. 
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Table G.2 Employment Forecast by Industry Grouping 
Year 2030 No-Project System Alternative 

Region Farming Mining Construction Manufacturing TCU 
Wholesale 

Trade 
Retail 
Trade FIRE Services Government Total 

Alameda 10,124 481 64,565 92,589 71,038 92,044 145,006 90,013 556,853 124,700 1,247,413 

Contra Costa 15,531 2,580 53,353 26,639 37,104 19,007 100,791 131,401 303,759 73,281 763,445 

San Francisco 5,310 433 32,303 19,286 49,366 18,035 152,065 111,806 458,112 129,107 975,823 

San Mateo 10,457 363 33,630 32,273 50,885 23,743 76,676 68,961 379,510 41,029 717,526 

Santa Clara 25,251 792 81,335 248,590 54,959 82,741 225,955 119,148 785,617 145,110 1,769,498 

Study Area –  
Bay Area 

66,674 4,648 265,185 419,378 263,352 235,569 700,492 521,329 2,483,851 513,227 5,473,705 

Fresno 89,163 629 26,278 34,335 19,505 17,212 84,223 34,095 205,186 78,600 589,226 

Madera 21,484 181 3,533 4,534 2,208 1,089 9,977 4,451 29,105 14,802 91,364 

Merced 16,981 71 4,080 11,777 3,684 1,825 18,811 5,504 31,909 20,411 115,054 

Sacramento 15,148 365 72,129 38,557 35,238 26,466 164,779 119,220 490,560 297,331 1,259,792 

San Joaquin 28,822 212 24,000 26,655 27,393 11,328 60,905 23,945 114,279 51,206 368,745 

Stanislaus 27,980 119 17,702 27,093 11,601 15,123 57,147 18,351 101,790 39,780 316,686 

Study Area –  
Central Valley 

199,578 1,576 147,722 142,950 99,630 73,044 395,841 205,567 972,828 502,130 2,740,867 

Southern Sacramento 
Valley 

30,908 762 55,733 35,628 26,452 27,447 129,051 61,442 255,152 106,719 729,293 

Southern San 
Joaquin Valley 

157,166 13,243 33,952 30,379 28,745 19,543 114,871 37,444 222,377 150,475 808,196 

Southern California 165,193 12,419 609,079 942,523 580,227 633,457 1,801,205 1,156,033 4,979,096 1,428,949 12,308,179 

San Diego 51,403 1,479 129,589 149,752 99,985 92,274 369,287 215,569 1,214,279 459,642 2,783,258 

Rest of California* 143,604 5,427 195,584 251,388 150,553 150,378 544,935 329,692 1,500,836 501,970 3,774,366 

Statewide Total 814,525 39,555 1,436,843 1,971,997 1,248,945 1,231,714 4,055,681 2,527,075 11,628,419 3,663,112 28,617,864 

Source:  Cambridge Systematics, Inc., 2007. 
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Table G.3 Employment Forecast by Industry Grouping 
Year 2030 Pacheco HST Alternative 

Region Farming Mining Construction Manufacturing TCU 
Wholesale 

Trade 
Retail 
Trade FIRE Services Government Total 

Alameda 10,149 491 64,961 92,948 72,388 92,843 146,553 90,970 563,026 125,234 1,259,563 

Contra Costa 15,543 2,582 53,609 26,743 37,773 19,242 101,686 131,845 307,015 73,485 769,522 

San Francisco 5,312 435 32,790 19,359 50,026 18,400 152,808 112,423 462,727 129,354 983,634 

San Mateo 10,475 365 33,787 32,454 51,597 24,094 77,594 69,474 382,783 41,214 723,836 

Santa Clara 25,300 799 81,619 249,194 55,900 83,322 228,820 120,932 793,737 145,556 1,785,181 

Study Area – 
Bay Area 

66,779 4,673 266,766 420,698 267,683 237,901 707,461 525,643 2,509,288 514,843 5,521,735 

Fresno 89,620 634 26,839 34,622 21,600 17,878 85,739 34,813 211,220 79,190 602,155 

Madera 21,600 184 3,658 4,586 2,542 1,159 10,336 5,493 31,586 15,029 96,173 

Merced 17,113 72 4,345 11,891 4,304 1,930 19,484 6,787 35,725 20,720 122,373 

Sacramento 15,176 370 72,514 38,730 35,874 27,031 165,999 120,030 495,162 297,804 1,268,688 

San Joaquin 28,911 213 24,239 26,774 28,042 11,504 61,550 24,329 118,424 51,505 375,491 

Stanislaus 28,127 120 17,925 27,223 12,252 15,296 57,805 19,378 105,489 40,064 323,679 

Study Area – 
Central Valley 

200,547 1,594 149,520 143,826 104,613 74,796 400,914 210,831 997,607 504,311 2,788,558 

Southern Sacramento 
Valley 

30,960 764 55,994 35,720 26,840 27,690 129,631 61,712 256,674 106,919 732,904 

Southern San Joaquin 
Valley 

158,458 13,323 34,800 30,722 31,091 20,167 117,239 40,707 237,099 151,640 835,244 

Southern California 165,710 12,528 612,940 946,929 591,215 641,556 1,816,609 1,164,246 5,049,808 1,433,993 12,435,535 

San Diego 51,517 1,491 130,590 150,696 109,073 93,770 373,284 217,983 1,238,754 461,648 2,828,806 

Rest of California 144,447 5,446 196,800 251,997 153,575 151,762 548,701 331,101 1,508,878 503,122 3,795,829 

Statewide Total 818,416 39,819 1,447,410 1,980,588 1,284,091 1,247,642 4,093,838 2,552,224 11,798,107 3,676,476 28,938,611 

Source:  Cambridge Systematics, Inc., 2007. 
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Table G.4 Employment Forecast by Industry Grouping 
Year 2030 Altamont HST Alternative 

Region Farming Mining Construction Manufacturing TCU 
Wholesale 

Trade 
Retail 
Trade FIRE Services Government Total 

Alameda 10,138 490 64,858 92,874 72,315 92,712 146,162 90,937 562,271 125,136 1,257,894 

Contra Costa 15,538 2,582 53,562 26,719 37,639 19,227 101,472 131,733 305,622 73,428 767,522 

San Francisco 5,311 434 32,536 19,342 49,888 18,390 152,703 112,253 460,911 129,299 981,068 

San Mateo 10,467 364 33,733 32,426 51,661 24,030 77,375 69,524 383,124 41,196 723,900 

Santa Clara 25,274 797 81,496 249,002 55,688 83,145 228,931 121,219 793,271 145,457 1,784,281 

Study Area –  
Bay Area 

66,728 4,667 266,186 420,363 267,192 237,503 706,643 525,666 2,505,199 514,517 5,514,664 

Fresno 89,629 634 26,811 34,612 21,404 17,862 85,677 34,773 210,737 79,155 601,294 

Madera 21,615 185 3,665 4,589 2,558 1,165 10,356 5,512 31,612 15,037 96,293 

Merced 17,118 72 4,348 11,881 4,255 1,926 19,437 6,519 34,807 20,676 121,039 

Sacramento 15,178 371 72,512 38,747 36,064 27,057 166,087 120,318 497,101 297,878 1,271,312 

San Joaquin 28,913 213 24,224 26,812 28,286 11,541 61,738 24,503 121,592 51,654 379,476 

Stanislaus 28,066 120 17,881 27,265 12,741 15,334 58,172 20,924 111,751 40,370 332,624 

Study Area – 
Central Valley 

200,519 1,595 149,440 143,905 105,308 74,885 401,467 212,549 1,007,600 504,769 2,802,039 

Southern Sacramento 
Valley 

30,979 765 56,032 35,740 26,973 27,727 129,761 61,780 257,213 106,971 733,943 

Southern San Joaquin 
Valley 

158,431 13,319 34,727 30,705 30,962 20,127 117,084 40,571 236,475 151,572 833,976 

Southern California 165,677 12,521 612,557 946,628 590,807 641,198 1,815,734 1,163,611 5,039,324 1,433,629 12,421,685 

San Diego 51,513 1,492 130,540 150,685 108,235 93,775 373,521 218,161 1,247,373 461,890 2,837,184 

Rest of California 144,248 5,444 196,725 251,922 153,504 151,693 548,091 330,671 1,505,794 502,942 3,791,033 

Statewide Total 818,095 39,803 1,446,208 1,979,950 1,282,980 1,246,909 4,092,301 2,553,010 11,798,978 3,676,290 28,934,524 

Source: Cambridge Systematics, Inc., 2007. 
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Table H.1 Employment Allocation by Subregion 

Percentage of Year 2030 Total County Employment by Subregion 
No-Project Alternative Altamont HST Alternative Pacheco HST Alternative 

County 
Station 

Area 
Downtown 

Area 
Infill 
Area 

Other 
Area 

Station 
Area 

Downtown 
Area 

Infill 
Area 

Other 
Area 

Station 
Area 

Downtown 
Area 

Infill 
Area 

Other 
Area 

Alameda – – 11% 89% 2% – 10% 88% 2% – 10% 88% 

Contra Costa – – 18% 82% – – 18% 82% – – 18% 82% 

San Francisco* – - – 100% – – – 100% – – – 100% 

San Mateo – 1% 9% 90% 5% – 10% 85% 5% – 10% 85% 

Santa Clara – 7% 49% 44% 8% 6% 49% 37% 8% 6% 49% 37% 

Fresno – 1% 12% 88% 0% 1% 17% 83% 0% 1% 17% 83% 

Madera – – 88% 12% – – 84% 16% – – 84% 16% 

Merced – – 100% – 72% – 28% 0% 70% – 30% – 

Sacramento – 12% 13% 75% 17% 1% 13% 69% 17% 1% 13% 69% 

San Joaquin – – 84% 16% 35% – 55% 11% 33% – 57% 11% 

Stanislaus – – 1% 99% 10% – – 90% 7% – – 93% 

Total for Core 
Study Area 

– 4% 23% 73% 8% 2% 23% 67% 8% 2% 23% 67% 

* Projected development in “other areas” for San Francisco County is a function of the average densities and uniform analysis process used to calculate 
employment acreage.  Since “greenfield” land is not available in San Francisco County, employment growth will need to be accommodated through further 
densification and infill rather than through development in “other areas” as implied in this table. 
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Appendix I.  Land Consumption 
Allocation by Employment and 
Residential Components 

Table I.1 Increase in Size of Urbanized Area – Year 2002 to 2030 
(In Acres) 

Residential Land Uses Employment Land Uses 

Area 
No 

Project 
HST 

Pacheco 
HST 

Altamont 
No 

Project 
HST 

Pacheco 
HST 

Altamont 
Alameda County 25,840 26,886 26,128 19,189 19,268 19,160 
Contra Costa County 33,000 33,360 33,175 8,402 8,769 8,646 
San Francisco County* 0 0 0 6,736 6,969 6,895 
San Mateo County 2,597 2,703 2,841 6,838 6,814 6,833 
Santa Clara County 17,031 18,899 20,891 6,321 5,972 5,952 
Study Area – Bay Area 78,469 81,848 83,035 47,485 47,792 47,486 
Fresno County 39,960 41,301 41,146 13,286 15,296 15,120 
Madera County 13,111 14,441 14,420 – 97 103 
Merced County 28,743 30,500 29,899 – – – 
Sacramento County 74,439 75,226 76,352 6,278 5,739 5,792 
San Joaquin County 67,462 68,479 69,792 4,064 2,317 2,062 
Stanislaus County 12,471 13,254 15,417 6,370 5,499 6,043 
Study Area – Central Valley 236,186 243,201 247,026 29,998 28,948 29,120 
Core Study Area 314,655 325,049 330,061 77,483 76,740 76,606 

Source: Cambridge Systematics, Inc., 2007. 
* Projected increases in urbanized area for San Francisco County are a function of the average densities used to 
calculate employment acreage.  Since “greenfield” land is not available in San Francisco County, employment 
growth will need to be accommodated through densification and infill rather than through increases in 
urbanized area size implied in this table 

C035819



Slide 6

Dumbarton and Newark Bridges

Newark Slough 
Bridge

Dumbarton 
Bridge
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Slide 7

Dumbarton Bridge
• Opened to rail traffic in 1910
• Overall length 7,580 ft
• Bridge comprises of five major bridge types

– Timber Approach Trestles:  2,376 ft
– Concrete Box Girders:  3,702 ft
– Steel Deck Girder Spans:  112 ft
– Steel Through Truss Spans:  1,080 ft
– Steel Truss Swing Span:  310 ft

C035927
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Newark Slough Bridge
• Opened to rail traffic in 1910
• Bridge comprised of two major bridge types

– Timber Trestle Approach Spans:  210 ft
– Steel Truss Swing Span:  182 ft
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Integrated Timed Transfer
A European Perspective

REINHARD CLEVER

Transportation Engineering Program, School of Civil Engineering, Univer-
sity of California at Berkeley, Berkeley, Calif. 94720.

Integrated timed-transfer (ITT) systems are starting up in Switzerland,
Austria, and many regions of Germany. They distinguish themselves
from regular timed-transfer systems, in which vehicles arrive at and
depart from a station at approximately the same time to minimize wait-
ing times for passengers, by integrating the timed-transfer systems of
individual metropolitan areas into one complete public transportation
system for a region. Very little has been written about ITT in the English
language literature, and the purpose here is to close the information gap.
The advantages and disadvantages of an ITT system are illustrated by
discussing a concrete example. Technical and economic aspects of ITT
are discussed. Terms such as “symmetry time” and “optimal minimum
headway” are defined. Early results of ITT systems in Europe are
reported. The applicability of ITT to North America is demonstrated
with the example of the San Jose–Oakland–Sacramento corridor. The
public transportation system in this area is currently disjointed, and the
introduction of ITT would increase the usability of public transit.

One of the main buzzwords in transportation planning in Switzer-
land, Austria, and Germany is “Integraler Taktfahrplan,” translated
literally as “integrated fixed-interval timetable,” or, for the purposes
of this paper, integrated timed transfer (ITT) since this concept is an
extension of the already well-known principle of timed-transfer (TT)
scheduling. Fixed-interval timetables have great appeal to the public
because they guarantee train service at constant intervals (e.g., every
30 min) throughout the day, and always at the same time past the
hour (e.g., :17 and :47), which makes it easy to memorize the sched-
ule. Integratedfixed-interval timetable means almost immediate
connections when switching lines. An extremely rich literature is
available on this subject in Europe, and the concept is being sold to
the general public in broad advertising campaigns, touting the virtues
of an “Allgäu-Schwaben-Takt,” broadly translated as fixed-interval
scheduling for the Allgäu-Schwaben region (of Southern Germany),
or with other similarly appealing names in other regions. Yet very
little information is available in the English language literature. The
main goal of this paper is to bridge the information gap.

In 1932 the Dutch Railroad introduced a fixed-interval timetable
on its entire network with optimal connections at certain hubs such
as Zwolle and s’-Hertogenbosch. Before World War II, Britain
invented the term “InterCity” for fast and comfortable long-distance
trains running on fixed-interval schedules (1), a concept that is now
used throughout Europe. These were important building blocks for
the ITT. However, it was Switzerland that perfected the principles
of the ITT (2), and similar systems in Austria and some regions in
Germany are all based on the Swiss model (3). The architects of ITT
in Switzerland are Samuel Stähli and Hans Meiner (4).

The basic idea of ITT is that trains, buses, boats, and other means
of local and long-distance public transportation not only operate on

a fixed-interval schedule, but also connect with each other in a way
to minimize transfer times. That is accomplished with the establish-
ment of certain hubs, not dissimilar in principle to airline hubs, at
which all vehicles arrive and depart at approximately the same time.
But while a major airline may have to contend in its scheduling with
only one or two major hubs, a passenger railway optimally would
establish an almost unlimited number of hubs. The goal behind this
type of scheduling approach is to “blanket” the country with hubs in
order to minimize transfer times at as many places as possible.

Note that to have a TT system it is only necessary to have one hub
for a single mode; however, an ITT has many (20, 30, or even 100)
hubs at which different modes arrive and depart at the same time.
Furthermore, the phrase “integrated timed-transfer,” unfortunately,
does not include the notion of fixed-interval scheduling. There is no
short English word like “Takt,” which is also used to describe musi-
cal beat and conveys the notion of a constant stream of trains, or
buses for that matter, at regular intervals. Since this word is so hard
to translate directly into English, it is sometimes used without trans-
lation—for example, “Towards a European Taktfahrplan” (2,5). It is
important to remember that ITT includes the notion of fixed-interval
scheduling. As shall be seen later, integration is not possible without
fixed-interval scheduling.

Switzerland provides a good illustration of the basic principles.
Notice in Figure 1 how geography makes it possible for the hubs in
the basic triangle Basel-Zürich-Bern to be about 1 hr apart from each
other. In 2005 the approximate running times between these cities
will be 55 min. But also notice that to integrate most of the other
cities into this system, a 1⁄2-hr headway is necessary. This will be
discussed in detail in a later section.

In summation, for a TT system only one hub is needed, at which
vehicles of a single mode arrive and depart at the same time at least
once a day. For an ITT system, it is necessary to have a multitude of
hubs, blanketing a whole region, at which vehicles of all modes
arrive and depart at the same time at fixed intervals.

ADVANTAGES

The backbone of long-distance public transportation in Germany
consists of five lines of hourly InterCity trains that meet each other
at five different hubs to exchange passengers. However, since
InterCity trains arrive and depart at the same time only with other
InterCity trains and not at the same time as InterRegio or local
trains, Germany does not have a systemwide ITT. It is instructive
to examine issues involved in the introduction of ITT in German
long-distance traffic to better understand the advantages and dis-
advantages of ITT (6).

The advantages of the ITT are more obvious than its disadvan-
tages. For this reason politicians often see it as a cure-all, which it
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FIGURE 1 Illustration of basic principles of ITT scheduling—Swiss example.

certainly is not. To understand the advantages, consider two different
surveys on what people consider important in long-distance travel
[Table 1 (7)] and on why people use or do not use rail, [Table 2 (8)].
To summarize Tables 1 and 2, business travelers say rail is too slow,
leisure travelers say it is too expensive, and both say it is not flexible
enough. It is this complaint of lack of flexibility, in the sense of both
more frequent service and better spatial coverage, that ITT addresses.

Figure 2 depicts a proposed bus stop sign that may also be seen
as an invitation sign to get on board the ITT. The top line shows 
that the destination is Rastatt with connections to InterRegio and
Metro trains. Every passing driver can tell, for example, that the
first bus leaves weekdays at 6:17. If a passenger knows that the bus
stop is 1 hr 13 min away from the nearest “megahub,” (Karlsruhe,
the hub where InterCity trains meet) and that Karlsruhe is exactly
3 hr away from Hannover, the passenger knows he or she would
arrive in Hannover at 10:30 if he or she left from that bus stop at
6:17. This scenario assumes a certain amount of knowledge of the
travel times and routes on the part of the traveler—an assumption
that is not unrealistic considering the high importance given to pub-
lic relations and advertising campaigns during the introduction of
regional ITT systems in Germany (9). This bus stop sign makes
passing motorists aware of their alternatives. It would begin to
overcome one of their main objections: “I am not going where the
bus goes.” With ITT, passengers do not get on board only a single
line, but a whole system.

Note that the bus stop sign in Figure 2 does not already exist; it is
being proposed by the author. It is language-independent and could
be used, as is, in every country in Europe. It could be easily adapted
to North America by changing the 24-hr time into the a.m./p.m. for-
mat and by writing out the days of the week instead of denoting them
by numbers (e.g., 1–4 would become Monday–Thursday).

Many routes that are unprofitable on their own may become prof-
itable if integrated into a system like the ITT. Sometimes, a simple
TT system might make routes feasible that otherwise could not be

served. After the introduction of the hub-and-spoke system for air-
lines, many small communities received improved air service by
being connected several times a day to a major hub with quick
transfers to a multitude of domestic and international flights.

ITT is also a logical complement to high-speed rail service. It
makes little sense to spend $100 million to cut travel time by 1 min,
only to let passengers wait 40 min to connect to their destination
stations.

DISADVANTAGES

With all its advantages, ITT does have serious disadvantages. In the
Frankfurt region, 85 percent of all passengers per day per direction
use the system during only 1.5 peak-hr. By design, ITT assumes a
relatively uniform usage of the system throughout the day. With a
simple pulse timetable, the headway can be easily adjusted to the
demand, maybe every 60 min during off-peak hours and as often as
every 5 min during peak hours. That is not as easily done with ITT,
since it might require running a 30-min pulse all day in order to
make the system work.

Another survey in the Frankfurt region showed that 70 percent of
daily commuters never change trains. For these 70 percent the ITT
would be completely irrelevant. If some trains were slowed down in
order to make hubbing possible at certain points, it would even mean
a downgrade of service for these commuters. Of course, the possi-
bility should not be overlooked that the current percentage of com-
muters who do not have to change trains may be high only because,
without an ITT, public transportation is not attractive enough for
those who would have to transfer.

The introduction of ITT in Germany, Switzerland, and Austria
often included enhancements such as regular service all day Satur-
day and Sunday on minor routes. With centralized train control,
fixed cost may not increase significantly to provide this service.
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TABLE 1 Significance Attributed to
Different Service Categories in Long-
Distance Travel, Business Versus
Leisure Travelers (7)

FIGURE 2 Proposed bus stop
sign.

However, many of these minor routes were not well automated,
which meant an increase in cost that could not be offset by increased
revenues. In an extreme case the Austrian railroad had the follow-
ing experience with its “Austro-Takt”: 30 percent increase in ser-
vice, 20.4 percent increase in cost, 11.5 percent increase in demand,
and 6.8 percent increase in revenue (10).

ITT is not immune to the general disadvantages of TT systems.
Schedule reliability is reduced, since a delay on a single line may
have a “snowball effect” on all connecting lines. Experience with
airline hubs shows that in case of a weather problem at a major hub,
schedule reliability disintegrates.

The Achilles’ heel of the ITT is that it does not use present facil-
ities very efficiently—although, again, that is the case with any TT
system. All vehicles descend on the hub at the same time, stay for
only a short while, and then leave. The hubs are empty for the rest
of the time. To continue the comparison with air travel, to make a
hub-and-spoke system work, mega-airports like Dallas/Ft. Worth,
Chicago, or Denver are needed; New York’s LaGuardia is much too
small. Many European rail stations could not simultaneously ac-
commodate trains from every line passing through it. The only alter-
native is to operate the hub schedule in three waves. First wave: all
trains terminating at that station drop off passengers and wait in a
holding area away from the main terminal area. Second wave: all
trains passing through the station as an intermediate stop exchange
passengers. Third wave: trains from the holding area come back to
the main terminal, pick up passengers, and start their return trips.
The all-cargo airline Flying Tigers used a similar system at its tem-
porary hub in Chicago before moving to its permanent facility in
Columbus, Ohio.

Also note that the ITT is supply- and not demand-driven. First, it
is important to figure out what kind of timetable with which pulse
would make hubs possible in those cities where hubs are desired.
That is a theoretical exercise. The second step is to find riders for the
theoretical system.

One way railways have found to overcome these disadvantages is
to use multiple units instead of locomotive-hauled trains. Multiple
units can be easily combined and separated during the day to adjust
to different demand levels. Another way is to use yield management

TABLE 2 Reasons of Motorists for Not Using 
Rail (8)
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in order to induce passengers to travel during off-peak hours. A third
way is to realize that a 100 percent level of ITT implementation
would be inordinately expensive and, therefore, to be satisfied with
a lower level of implementation. Some minor routes in Switzerland
are served only every 4 hr. That might mean some passengers trav-
eling cross country from a station on one minor route to a station on
another minor route might not be able to connect without waiting a
substantial amount of time. That is unfortunate, but unavoidable for
at least some travelers.

OPTIMAL MINIMUM HEADWAY

In a TT system with multiple hubs, a minimum headway needs to be
maintained during all operating hours. Reducing the pulse below the
minimum headway would mean that immediate connections would
not be possible at some hubs. It is done only in extraordinary cir-
cumstances, as the example with the minor routes in Switzerland
shows. The minimum headway of a TT system is also referred to as
pulse headway (11), schedule module (12), or timetable module (13).

The main train categories in Europe are InterCity (IC) trains for
long-distance travel [high-speed trains like the ICE (InterCity
Express) belong to this category], InterRegio (IR) trains for regional
travel, and local trains. Most countries have more than these three
categories. Using a constant-interval timetable, trains of the same
category always meet at the same time and at the same location. For
example, InterCity trains running every 1 hr meet an InterCity train
running in the opposite direction every 1⁄2 hr. The location where
these trains meet is always the same. Symmetry time is defined to
be that time when trains of the same category meet (2, p. 245; 14).
The symmetry time in Switzerland and Germany, for hourly trains,
is minute :00 and minute :30. In the Netherlands it is :17 and :47.
Note that trains from Brussels arrive in Amsterdam at :04 and leave
at :30. The dwell time is 26 min, half of which is 13 min. Adding 13
to :04, or subtracting it from :30, gives the symmetry time :17.

Assuming an hourly pulse and symmetry times of :00 and :30,
meeting points are located corresponding to a symmetry time of
either :00 or :30, but not both. An important conclusion is that the
time between hubs always has to be a multiple of half the minimum
headway. With an hourly pulse schedule, hubs need to be 30, 60, 90
(and so on) min apart. Conversely, with a 2-hr pulse schedule, hubs
need to be 60 min apart (symmetry time :00), or a multiple thereof.
On the other hand, with a 1⁄2-hr schedule, there is the increased flex-
ibility of locating hubs corresponding to four symmetry times :00,
:15, :30, and :45. The importance of this increased flexibility can be
illustrated with the following example.

Between Frankfurt and Hannover, ICE trains need about 2 hr, per-
fect for an ITT based on a minimum headway of as little as 2 hr. How-
ever, Kassel is an important regional center and an intermediate stop
on this line. Unfortunately, ICEs take about 1:15 hr between Frank-
furt and Kassel, and 45 min between Kassel and Hannover. If one is
restricted to an hourly pulse with symmetry times of only :00 and :30,
the only alternatives are to (a) speed up the trains between Kassel and
Frankfurt to less than 1 hr (at a considerable expense in new line
investment) and, at the same time, slow down the ICE between Kas-
sel and Hannover, so it takes almost 1 hr, or (b) forget about making
Kassel an ITT hub. On the other hand, with an ITT based on a 1⁄2-hr
pulse and symmetry times of :00, :15, :30, :45, :00 and :30 could be
used for Frankfurt and Hannover, and :15 and :45 for Kassel. So all
trains would meet in Frankfurt on the hour and on the half-hour, and
in Kassel at a quarter after and at a quarter to the hour.

Referring to Figure 1: if only Basel and Zürich were to be ITT
hubs, the minimum headway would be 2 hr. To expand this to the
triangle Basel-Zürich-Bern, a minimum headway of 1 hr is neces-
sary. However, to include Luzern, Biel/Bienne, and Lausanne, the
minimum headway needs to be 30 min.

The preceding examples illustrates an important trade-off that
must be made:

• Increase investment expenses to accelerate trains so they fit
into the mold of a predetermined pulse, or

• Increase operating expenses to cut the minimum headway 
in half.

On the basis of this trade-off, every system has an optimal minimum
headway.

Arguably, the optimal pulse for Germany is 30 min. Almost all
stations are already being served by two hourly InterCity lines,
which means two InterCity trains per hour are already a reality in
most parts of the country. Other train categories would need to be
combined to make a 1⁄2-hr pulse possible. But this may create politi-
cal problems. Combining train categories would mean that some
communities would only be served by a lower-grade train category
than they are now. Though seemingly trivial, this would almost cer-
tainly hurt their communal self-image and thereby cause political
problems. The reader is reminded that after the introduction of the
hub-and-spoke system, airlines abandoned their “milk runs,” and
many medium-sized communities that previously received through
jet service were downgraded to only be served by commuter flights
to the nearest hub. The principle is clear: with a TT system, real
small and real big communities are the winners, but some of the
medium points may end up being losers.

Note that every hub needs a symmetry time, but not every sym-
metry time has a hub. In the previous example of ICEs between
Frankfurt and Hannover, a 10:00 train leaving from Frankfurt would
pass a train in the opposite direction at 10:15, 10:30, 10:45, etc., at
full speed outside of stations. On the other hand, with local trains,
as many symmetry times as possible should be used to blanket the
country with hubs. With a 30-min minimum headway, a single-track
line needs a siding spaced every 15 min. Every symmetry point then
is a candidate for a hub also served by a bus line running perpen-
dicular to the direction of the rail track. This makes spatial coverage
possible.

The advantage of symmetrical train graphs is that operations can
be analyzed and cost-effective solutions implemented for just one
time period. The schedule repeats itself hourly, half-hourly, or what-
ever the period of the minimum headway is. If solutions are found
for the peak schedule with the shortest headways, the rest of the day
is automatically solved (15).

MINIMIZATION OF NUMBER OF TRANSFERS

It is important to note that while an ITT system is designed to min-
imize transfer times, it should also be designed to minimize the
number of transfers. This is because passengers do not like to
change vehicles en route. It is well known that there is a penalty
associated with a change of trains in long-distance travel.

After the introduction of the TGV Atlantique, some conventional
trains from Paris to Atlantic seaboard cities were replaced with a
combination of high-speed TGV trains and diesel trains. Conven-
tional trains have the advantage because at the end of the electrified
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line, the electric engine at the front of the train can be switched to a
diesel engine. Passengers can stay on the train. On the other hand, if
a TGV high-speed train set is used for the electrified portion, at the
end of the electrified line, passengers must change from the TGV
across the platform to a diesel train. Researchers have found the
transfer penalty to be equivalent to between 40 min and 1 hr of 
in-vehicle time (16).

The German long-distance train timetable for the year 2000 was
tested against an origin and destination matrix with 185,124 cells.
The simulation showed that 61.6 percent of long-distance travelers
never have to change trains, and 79 percent of those having to
change only need to change once. This was made possible because
of line switching. Even though the headway is 60 min, InterCity
trains, for example follow the same route only every 4 hr (17).

ECONOMICS OF ITT

For a long time, transportation planners in Europe were faced with
a downward spiral in public transit. In order to reduce subsidies,
infrequently used services were cut. The decrease in service reduced
ridership and revenues. Previously well used services were now
underused, and the cycle began anew.

Switzerland’s Rail 2000 concept, which was approved by the
voters in a special referendum in December 1987, showed a way out
of this dilemma. The basic idea is that, because of economies of
scale and network effects, it is possible under certain circumstances
to reduce public subsidy by increasing service.

Network effects can most easily be explained by an airline exam-
ple. Adding one spoke to a hub-and-spoke system adds more rev-
enue to the system than just the additional revenue generated by the
origin-destination traffic between the end of the new spoke and the
hub. New traffic will be generated between the new city and all of
the points that the airline has been serving all along.

Economies of scale can be illustrated with the following example.
The additional cost of adding service in the late evening or on week-
ends is considerably lower than that of adding the same service dur-
ing peak hours. For new rush-hour traffic, additional vehicles would
have to be purchased and maintained, while new service during off-
peak hours can be provided with existing equipment. Magnifying the
difference in economics between peak and off-peak services is the
fact that most peak-hour travelers use reduced-rate tickets like
monthly commuter passes or student discount cards, whereas most
off-peak customers pay full fare. Summarizing the combined effect,
it is claimed that, for example, the Series 628 diesel multiple unit
with 15 passengers during off-peak hours is economically equiva-
lent (in terms of marginal revenues minus marginal costs) to the
same unit fully occupied during rush hour (18, p. 35). This shows the
fallacy of trying to reduce subsidies by eliminating services during
off-hours. In many instances the marginal revenue decrease will
exceed the marginal cost savings and the subsidy increases.

Because of economies of scale and network effects, it is possible
to reach a point from which marginal revenues exceed marginal
costs and the subsidy decreases while service is being increased. In
Switzerland, additional revenues covered only 73 percent of the
variable cost of service improvements in 1991. Most recently, this
ratio has increased to nearly 100 percent (18, p. 33). Substantial
parts of the Swiss ITT system will not be operational until 2005, so
the system is still far from reaching all its network effects.

Of course, there is a limit to how long service improvements will
result in reduced subsidies. From a certain point on, increasing fre-

quencies and adding spokes to a system will increase marginal cost
more than marginal revenues. At that point the ITT potential has
been exhausted (18, p. 34, Figure 1).

It is difficult to obtain exact statistics on the performance of ITT
systems in Germany. First of all, the systems have been operating
only in preliminary phases; in addition, passenger and cost figures
are considered proprietary. The following information, though, is
available from the literature: An introductory phase of ITT began
operation in the southern part of Rheinland-Pfalz in May 1993. Ser-
vice was increased by 37 percent, resulting in a 47 percent increase
in passenger-kilometers and a 20 percent increase in revenue within
1 year (18, p. 34). The full effect of service improvements is gener-
ally not seen until after 3 years, so the first-year increase in passen-
ger kilometers is encouraging. The increase in passenger kilometers
over 2 years was 60 percent (19). ITT was expanded statewide in
May 1995 and covered 80 percent of the state rail network by June
1996. Performance results of this expansion are not available yet.
Regarding the first-year increase in revenue, it should be noted that
German rail offered systemwide (not just in Rheinland-Pfalz)
unlimited travel on weekends for up to five people on short-distance
trains first for DM15 then for DM30 (about U.S. $20). This, unfor-
tunately, confounded the performance results.

Most of the newly generated passenger-kilometers were the
result of induced travel by people with limited access to the auto-
mobile (20). Since new phases of ITT in Rheinland-Pfalz will
include significant travel time reductions, changes in modal split are
expected.

POSSIBLE APPLICATIONS IN NORTH AMERICA

How important it is to include ITT in the planning and decision-
making process in the United States is illustrated with an example
from the San Francisco Bay Area. ITT clearly is not possible with-
out intermodal stations. Yet, two brand new Amtrak stations have
just been built in Emeryville and at Oakland’s Jack London Square
that do not interface with the region’s primary rapid transit system,
BART (Bay Area Rapid Transit). Amtrak operates three daily “San
Joaquin” (Oakland-Bakersfield) and four daily “Capitol” (San
Jose–Oakland–Sacramento) trains. Until recently, they passed only
100 m (300 ft) away from the West Oakland BART station. Here,
BART’s Richmond, Concord, and Fremont lines all merge onto the
same track to run underneath the bay to San Francisco. Travelers
cannot only catch a train to San Francisco every 5 min (!), they can
also reach every single BART station from here without transfer-
ring. Yet, the new Amtrak station was not built in West Oakland.
New stations were built 4 km (21⁄2 mi) north at Emeryville, and 2 km
(11⁄4 mi) south at Jack London Square in Oakland. The station loca-
tions were based on issues of urban renewal, not ridership analysis.
Note that neither station is located anywhere near BART, and both
stations are served by only a few bus lines.

Rail lines form the backbone of both the long-distance and local
public transportation system in Europe. They connect the different
hubs served by buses and other modes of transit in different cities.
In North America, even many small and medium-sized urban areas
have well-functioning public transit services. But the backbone, the
skeleton of a public transportation system that ties all these distinct
local transit services together into one whole public transportation
system, is missing. In many instances, these intercity or interre-
gional services may not be feasible because of low population den-
sities. An ITT, even one based on a 120-min minimum headway,
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may not be desirable in those cases. However, it is the multicentered
urban agglomerations like the Bay Area or the rapidly expanding,
congested corridors like San Jose–Oakland–Sacramento, which the
Capitols were supposed to serve, where ITT would improve the
overall transportation system dramatically.

San Jose and Sacramento have gone through great pains to inte-
grate their new light rail systems with their existing bus services.
Yet, the Capitols do not connect with either the San Jose or the
Sacramento light rail systems. In the San Francisco/Oakland/East
Bay area served by BART, their only connection is in Richmond, at
the northern end of the system. While it is fairly easy to travel within
the San Jose, or Sacramento, or the San Francisco/Oakland/East Bay
area, it is difficult to travel betweenthem.

The result for potential passengers is that the Northern California
public transportation system continues to be so disjointed that it is
almost unusable for many interurban connections. Experience
shows that people who do not already own an automobile have to
rent one when they travel between Berkeley and San Jose. It is
important to see this statement in the context of the 1994 Regional
Transportation Plan projecting annual expenditures of $1 billion for
mass transit operations (21). Note also that there are more than 30
independent public transit operators regionwide (21, p. 8).

The political basis for implementing ITT systems in Germany is
entities called “Verkehrs-verbund,” roughly translated as transport
association, or transit federation (22). The first one was formed in
1965 in Hamburg (23). They are combinations of all public transit
agencies in a given region, including all the local and regional ser-
vices of the German railroad. It is these entities that decide fare lev-
els and timetables. The customer deals only with one ticket that can
be used on all public transportation modes in the entire region. For
the passenger it is not apparent that the services are operated by dif-
ferent companies. Membership in this association is not always what
the companies that provide the service would really prefer, since
they obviously lose a lot of power to the higher entity. But all pub-
lic operating subsidies and capital improvement funds are routed
through these transport associations, so individual operators have to
join. The transport associations provide the political framework in
which ITT implementation is made possible.

The first steps in the right direction have been taken in Northern
California. Effective January 1, 1997, 27 agencies are to work to-
gether to consolidate ticketing and telephone operations (24). They
will also have to consolidate other services (e.g., eliminate overlap-
ping bus routes). The bill authorizes the local metropolitan planning
organization, the Metropolitan Transportation Commission (MTC),
to withhold money from agencies that refuse to eliminate redundant
services. The bill was strongly opposed by transit unions and some
operators. Some opponents warned that a superbureaucracy would
be created, usurping power from local districts. The bill certainly did
not create a Bay Area Transit Federation. Passengers do not go to
the MTC to buy tickets and timetables. It remains to be seen how
effective the bill is in tying the different transit services together into
one system and adding needed checks and balances to the system to
make construction of white elephants like Oakland’s Jack London
Square station less likely in the future.

Also, a joint powers board (JPB) has been created to oversee the
management of the Capitols and San Joaquins. BART is a member
of this JPB and, as of March 1997, public hearings were being held
on the future of these intercity trains. At that time, a final agreement
between the state of California and the JPB had not been reached.

BART’s membership in the JPB theoretically would make a future
intermodal station at West Oakland more likely. However, in the

meantime the Southern Pacific/Union Pacific track was moved much
farther from the station to make room for the realignment and recon-
struction of the earthquake-damaged Cypress Freeway. Another
option for BART to serve the I-80 commuter corridor from downtown
San Francisco in the same way that the Long Island Rail Road serves
Eastern Long Island from Penn Station would be hard to implement
because BART does not use standard gauge (1435 mm). BART’s
gauge (1676 mm) is wider than even that of Spain (1668 mm).

As a last point, note that in 1992 Amtrak carried 0.1 percent and
intercity buses 0.6 percent of total passenger miles (25). The num-
bers indicate that there may be a point at which competition stops
being effective. The animosity between Amtrak and Greyhound is
reminiscent of U.S. railroads fighting each other for a shrinking pas-
senger base some 50 years ago. Instead of working together to com-
pete against automobiles and airlines, they decided to do everything
on their own. History tends to repeat itself. Cooperation—for exam-
ple, in a regionwide ITT system—may serve Amtrak’s and Grey-
hound’s customers and ultimately the operators themselves much
better. Cooperation in ITT systems would give travelers for the first
time in almost 30 years an alternative to renting cars for virtually
any medium-distance trip away from home, and thereby increase the
passenger base substantially. Amtrak does have its own feeder bus
service, but the idea behind ITT is not for every competing company
to operate its own feeder service; on the contrary, the idea behind
ITT is to integrate the services of all agencies in a way that makes
transfers appear seamless to the customer.

SUMMARY

Integrated timed transfer is a scheduling concept being introduced
in more and more regions in Europe. It is applicable to large, multi-
centered metropolitan areas and heavily congested corridors in
North America. Establishing German-style transit federations will
most likely be necessary to create the political framework for ITT
implementations.
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The Demand Performance of 
Bus Rapid Transit

Graham Currie, Monash University

Abstract

This article uses a trip attribute approach to examine the relative passenger attrac-
tiveness of Bus Rapid Transit (BRT) systems compared to other transit modes. It 
examines how passengers value trip attributes for on-street bus, BRT, and light rail 
and heavy rail systems in passenger behavior research. Empirical data is presented 
which suggests that passengers value trip attributes for BRT and rail modes in a 
broadly similar manner. All of these transit modes are favored relative to on-street 
bus. These findings suggest that BRT systems should be as effective as rail in generat-
ing patronage when developed to replace on-street bus services. This conclusion, in 
association with research demonstrating lower costs for BRT systems compared to 
rail, may be used to claim cost effectiveness advantages for BRT.  However, a number 
of limitations in the evidence are identified and additional research suggested. Con-
clusions of the research are also used to suggest ways to improve BRT system design 
to enhance demand performance.

Introduction
Bus Rapid Transit (BRT) is now a major trend in the development of public trans-
port systems worldwide. While BRT has been shown to have lower implementa-
tion costs compared to other transit modes (General Accounting Office 2001), its 
cost effectiveness can only be assessed by examining its relative performance in 
generating demand compared to other transit modes.
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This article explores the relative passenger attractiveness of BRT systems compared 
to other transit modes by studying trip attribute research evidence. It examines 
how passengers value trip attributes for on-street bus, BRT, light rail and heavy rail 
systems in passenger behavioral research and modeling.  The article includes:

• a summary of trip attribute research

• an analysis of trip attributes that vary between modes

• an assessment of what the results suggest for the relative attractiveness of 
BRT compared to other transit modes

Transit Trip Attributes 
Figure 1 shows the key components of a typical trip by public transport. 

Figure 1. Trip Attributes in Typical Transit Journey

The measurement of how passengers value each of these trip attributes is an 
important input to disaggregate transport modeling and a major driver of travel 
demand forecasts for the development of new public transport modes.  The qual-
ity of travel is measured in terms of generalized cost using a formula of the follow-
ing type:

C035956



Demand Performance of BRT

43

where:

 Walkt   equals time in minutes walking to and from the transit service

 Walkw  is passenger valuation of walk time to and from transit stops

 Waitt    measures time waiting for transit vehicle to arrive at the transit  
  stop 

 Waitw  indicates passenger valuation of wait time at transit stops

 IVTt        shows travel time in transit vehicle/s

 IVTw    is passenger valuation of in vehicle travel time

 NT      equals number of transfers

 TP       is transfer penalty

 MSCm  equals mode specific constant for transit mode m

 VOT    measures value of travel time

 Fare     is average fare per trip

Primary research measures the values for each of these trip attributes to establish 
the impacts of new transport investments such as introducing new transit modes.  
Clearly, modes that have higher perceived generalized cost perform poorly in 
patronage terms against those with lower values. 

It is a central premise of this article that the patronage performance of BRT can 
best be understood through measurement of how passengers value trip attributes 
specific to BRT systems. A comparison of how perceived BRT attribute values 
compare against those of other transit modes will be indicative of their relative 
patronage performance.

Trip Attribute Research and Transit Modes
Table 1 divides trip attributes into transit mode neutral and transit mode specific 
elements based on the degree to which passengers might value the attributes dif-
ferently for alternative public transport modes. 
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Table 1. Mode Specific and Mode Neutral Public Transport Trip Attributes

Trip Attribute Description

Transit Mode Neutral Trip Attributes

Access walk Walk from trip origin to transit stop/station

Egress walk Walk from alighting stop to trip destination

Wait time Time at transit stop/station waiting for transit vehicles to arrive

Fare  Price of ticket to use service

In-vehicle travel  Time spent in transit vehicle traveling from boarding stop to alighting stop
time

Transit Mode Specific Trip Attributes

Transfer penalty Perceptual value of the need to transfer between one transit vehicle to 

  another

Mode-specific  Other factors perceived by passengers to vary with transit mode
factors

It is a common convention in mode choice modeling to make no distinction 
between transit modes in the measurement of walk and wait time, fare, or in-
vehicle travel time (see, for example, Wardman 1997 and Transfund New Zealand 
2000). 

The research literature also contains many examples in which these trip attributes 
are measured for several transit modes as a group. Van der Waard (1988), Prosser 
et al. (1997), and Gwilliam (1999) all quote coefficients for walk and wait times 
that are aggregates of behavioral evidence from bus, tram, and heavy rail. They are 
applied to bus, tram, or heavy rail separately, suggesting no expected difference in 
how a passenger values them between modes. 

Public transport fares could vary by transit mode depending on the fares policy 
and funding approaches of urban transport planning agencies. For purposes of 
this article, we have assumed fares to be mode neutral since it is the intrinsic dif-
ferences in the qualities of transit modes that are of interest, not funding policy 
differences.

Trip attribute factors that are considered to be mode specific include the transfer 
penalty and mode-specific factors.
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Transit Mode Specific Trip Attributes
Transfer Penalties
The transfer penalty is the perceived value of making a transfer between one 
public transport vehicle and another. It is the value in addition to any time spent 
undertaking a walk or wait to complete a transfer. Transfer penalty is expressed as 
a constant value, usually in terms of minutes of equivalent in-vehicle travel time.

Table 2 shows a range of evidence on the valuation of transfer penalties by transit 
mode. Although there is much scatter in the data, it is clear that bus-based modes 
have generally far higher valuations of transfer penalties compared to rail-based 
modes. The average of the range of bus-bus based transfers is around 22 minutes, 
which compares with a value for subway-based heavy rail systems of around 8 
minutes.

These results might be suggestive of a relatively poor rating for transfers for BRT 
compared to rail-based modes. However, none of this evidence includes values 
measured for BRT systems.1 None could be found in the literature. The bus-based 
data in Table 2 concerns on-street bus services. Collection of transfer penalties for 
BRT systems is clearly a research priority. Nevertheless, the data in Table 2 suggest 
how BRT might perform.

Table 2 shows that transfer penalties are lower for transit modes that have higher 
quality interchange facilities such as stations, platforms, and protected walkways. 
Underground subways, which include weather protection, a range of passenger 
amenities, and facilities such as escalators, tend to have lower transfer penalties. 
On-street bus services where transfers include waiting in the open air, limited pas-
senger facilities, and can involve crossing roads to complete transfers have higher 
transfer penalties. These findings are supported by a range of other evidence. For 
example, Horowitz and Thompson (1994) found that the design of transfer loca-
tions could significantly alter passenger perceptions of the transfer penalty.  They 
suggest that the provision of weather protection at transfer locations could ben-
efit passengers by as much as 16 minutes of perceived in-vehicle travel time. 

Although a lack of data on transfer penalties is not helpful in establishing BRT’s 
position in relation to other modes, patterns in the available data suggest that BRT 
should perform well compared to rail-based transit. The development and design 
of significant station infrastructure is a central theme of BRT-based planning. For 
example, the Transit Cooperative Research Program (2003a) identifies station 
infrastructure as a major characteristic of BRT system design.  Significant station 
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Table 2. Evidence of Transfer Penalty by Transit Mode  
(Minutes of equivalent in-vehicle travel time)
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infrastructure is identified as a feature of some 21 of the 26 BRT systems examined 
in the Transit Cooperative Research Program (2003b).

While the above data suggest that BRT systems will have transfer penalties similar 
to rail-based modes, some caution is required due to lack of primary evidence. In 
addition Guo and Wilson (2004) have presented evidence that transfer penalties 
can vary because of the way they are measured. Bus to bus transfer penalties of 4.5, 
30, and 49.5 minutes are quoted and shown to derive from alternative approaches 
to their measurement as well as from different bus systems. Clearly, there is a need 
for a consistent approach to measurement of transfer penalties as well a need to 
increase research coverage in relation to BRT systems.

Mode-Specific Factors
The Mode Specific Factor (MSF) is the user-perceived attractiveness of one transit 
mode compared to another, excluding the influence of factors such as fare, walk 
time, wait time, in-vehicle travel time, and the need to transfer. The MSF is usually 
measured as a constant and expressed in minutes of equivalent in-vehicle travel 
time. The following quote personifies one view of the MSF:

Many studies have found that, other things being equal, most public transport 
users prefer rail to bus because of its greater comfort. To model this choice 
accurately, a penalty of four to six minutes must often be attached to bus travel 
to reflect the relative discomfort of buses. Abelson (1995) quoting Fouracre et 
al. (1990)

In this case the reference to bus concerns on-street services rather than BRT. Table 
3 shows a summary of evidence of the MSF measured in a range of studies. The 
value of the MSF for heavy rail, light rail, and BRT is indicated. In each case the MSF 
is expressed as the value of the difference of the transit mode relative to on-street 
bus. A positive value represents a preference to the transit mode. A negative value 
represents a preference to on-street bus.

A range of values emerge from Table 3:

• In general, heavy rail is preferred over on-street bus with the value of pref-
erences ranging between 2 minutes and 33 minutes. However, there are a 
small number of negative values (-5, -27, and -56 minutes). There is an overall 
average of about 4 minutes preference to heavy rail.
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Table 3. Evidence of Mode-Specific Constants by Transit Mode  
(Minutes of equivalent in-vehicle travel time)
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• All MSF values for light rail showed a preference of light rail over on-street 
bus ranging from 2 to 20 minutes. The average of the values shown is around 
10 minutes.

• All MSF values for BRT systems also display a preference to BRT compared to 
on-street bus. Values range from 9 to 20 minutes with an average of around 
12 minutes.

This evidence is supportive of the case that BRT has generally similar performance 
to light rail in the perceptions of passengers. Indeed, the average results suggest 
BRT may perform better than both light and heavy rail. However, the results are 
both scattered and limited. There are only 4 data points for BRT systems. Heavy rail 
data are highly skewed by the small number of negative values. Two of the three 
data points are extreme values and bring down the heavy rail average consider-
ably. Removal of these points would suggest an average of 8 minutes in preference 
of heavy rail. Inquiries to the data source regarding the validity of these outliers 
suggested that a wide range of approaches to measurement are being used and 
may explain variations in results. The results may also be indicative of varied sam-
ple size/approach as well as of the circumstances being measured. There is a wide 
range in the quality and design of transit modes of all types. A run down, poorly 
designed, slow rail service providing low service levels may well be unfavorably 
perceived compared with a high-quality bus service, even if it is running on-street. 
A better comparison of BRT to other transit modes requires a more even-handed 
approach to the quality of modes being compared. The collation of a larger set of 
samples and a more uniform approach to measuring mode-specific factors would 
also improve the quality of the analysis.

It may also be appropriate to examine MSFs from an alternative viewpoint. Table 4 
suggests the types of mode attributes that the MSF is representing. In general, ride 
quality, vehicle design, passenger amenity, and knowledge/understanding of the 
service offering are the major elements being represented by the MSF.

The attributes in Table 4 are divided into factors that vary with travel distance and 
one-off or constant value factors. Good ride quality benefits passengers traveling 
further (i.e., varies with distance traveled), while a quality station is only appreci-
ated once each time it is used (it is a constant factor per trip). A more detailed 
modeling of mode specific factors might thus be split into mode-specific variables 
that vary with travel distance and mode-specific constants. This approach was 
suggested by Halcrow Fox (1995) and matches the views of the consultants in 
Transfund New Zealand (2000).
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Table 4. Suggested Transit Mode Attributes Measured in MSFs
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The analysis in Table 4 suggests that BRT may have at least some weaknesses com-
pared to rail: 

• Ride quality should be better with rail systems compared to BRT. However, 
this may not be true with guided bus systems.

• Rail vehicles can be roomier than bus vehicles. 

• Rail systems can be easier to understand due to their simple network struc-
ture. However, certainly some of the larger BRT systems have simple system 
structures which would be as easy to understand as comparable heavy rail 
systems.

BRT should perform as well as rail with the other factors identified, depending on 
the scale of the BRT system and the quality of its stations and facilities. Primary 
research is clearly warranted to further explore these issues.

Conclusions 
This article has sought to investigate the attractiveness of BRT compared to other 
transit modes from a passenger perspective. It has assembled available evidence 
on passenger values of trip attributes and how these values vary between transit 
modes. The perceived valuation of trip attributes has a major influence on pas-
senger demand for transit system performance.

The analysis has suggested that transfer penalties and mode-specific factors are 
the main trip attributes that vary between transit modes. Empirical evidence has 
been shown to be limited in quantity and quality. No evidence of transfer penal-
ties for BRT systems was found. However, suppositions based on available transfer 
penalty evidence suggest BRT systems would perform well compared to other 
transit modes. Evidence on mode-specific factors also supports this view.

These findings suggest that BRT systems can be as effective in attracting pas-
sengers as heavy and light rail. Since BRT has been shown to have significant cost 
advantages over rail, an overall cost effectiveness advantage may be claimed for 
BRT.

However, a major finding of this review is the need for additional research to 
improve the robustness of this analysis. No evidence of transfer penalty research 
on BRT systems was identified. A high degree of variation in the approaches 
used to measure transfer penalties was also identified. Adoption of a consistent 
approach to measure transfer penalties for a range of transit modes would pro-
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vide a more scientific framework for the comparison of transit modes. The limited 
number and quality of empirical measures for mode-specific factor measurement 
were also identified. A more consistent approach for measuring these factors is 
also supported. 

In addition, the article theorizes that mode-specific factors should be split into 
constant and variable parameters. The performance of all transit modes should be 
assessed in terms of ride quality, vehicle design, and general perceptions of system 
route and network knowledge, since these may be potential weaknesses in the 
design of BRT compared to rail-based systems.

Finally, while this research has sought to explore how BRT might perform from a 
passenger attractiveness perspective, some of the findings provide useful pointers 
to good practices in BRT design.

• Passengers dislike transfers. Clearly designs that minimize transferring are 
more attractive to passengers.

• Transferring is a less significant barrier to travel when quality stations and 
interchange facilities are provided. BRT design should seek to emulate the 
quality of heavy and light rail stations in this regard. Cross platform transfers 
would be an example of good practice.

• The analysis has suggested that the scale of rail transit infrastructure, includ-
ing stations and rights-of-way, is a significant factor in helping passengers 
understand how the system operates and also where transit stops are 
located. BRT systems will have to match the profile, scale, and simplicity of 
heavy rail systems to be as easy to use and understand as rail systems. The 
complexity of conventional bus-based systems, in terms of route structure 
and the large range of services offered, could be a weakness compared to 
rail. This needs to be addressed to achieve equivalent patronage levels to 
rail. 

In addition, service frequency, travel speeds, and service coverage of BRT systems 
will need to be as extensive as light and heavy rail systems to match the patronage 
levels achieved by these modes.
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Endnote
1 Some values are provided for bus-bus transfers in Ottawa (Charles River Associ-
ates 1989); however, these are for transfers made prior to the full development of 
the busway network in Ottawa.
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