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1.0 Overview
The original purpose of the Redlands Passenger Rail Project was to evaluate
alternatives for the introduction of passenger rail services along the Redlands
Corridor (see Figure 1.1), and to identify a locally preferred alternative that best
serves local transportation needs.

Figure 1.1

Redlands Corridor Study Area Map

The Redlands Corridor is a nine-mile corridor running between downtown San
Bernardino and the University of Redlands. Metrolink, the regional commuter
railway that provides passenger transport service from the Santa Fe Depot (on
the west side of I-215) is planning the extension of commuter rail service to the
planned downtown San Bernardino Transit Center at E Street and Rialto Avenue
(on the east side of I-215) . The study area for the Redlands Passenger Rail
Project represents a varied mixture of land uses, from dense urban centers with
residential and retail or office commercial establishments to low-density
highway commercial and light industrial uses. A mixture of transportation
facilities, including highways, bus transit networks, freight railroads, and the San
Bernardino International Airport, serves the San Bernardino Valley.
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The approach used by San Bernardino Associated Governments (SANBAG) and
the HDR consulting team for studying the Redlands Passenger Rail Project has
evolved since the initiation of the project, and each change in approach has
required revisions to the approach for model application and ridership forecasts.
The original approach assumed that the project would pursue the Federal Transit
Administration (FTA) New Starts/Small Starts funding, using the traditional
alternatives analysis process to identify a locally preferred alternative.
The Alternatives Analysis approach for the Redland Passenger Rail Project was
initiated in 2010. This Alternatives Analysis studied two baseline alternatives
and four build alternatives. The alternatives under consideration in the
Alternatives Analysis were a No-Build Baseline, a Transportation Systems
Management (TSM) Baseline, and four Build alternatives. The four build
alternatives included Diesel Multiple Unit (DMU), Light-Rail Transit (LRT),
Commuter Rail (extension of Metrolink service), and Bus Rapid Transit (BRT).
The four proposed build alternatives would all utilize the railroad right-of-way
owned by SANBAG, which is sufficient to accommodate the proposed guideway
and station platforms. The alternatives and the operating plans are described in
greater detail in the Draft Environmental Impact Statement and Environmental
Impact Report (EIS/EIR) for the Redlands Passenger Rail Project (scheduled for
publication in June 2013).
Preliminary results of the Alternatives Analysis showed that the project was
unlikely to qualify for FTA Section 5309 New Starts/Small Starts funding under
any of the alternatives identified for study. Based on this preliminary assessment
and recent changes in funding requirements with the adoption of MAP-21, the
approach for the project changed from an alternative analysis to a strategic
planning process to develop the passenger rail service in the Redlands Corridor
in phases, with different funding sources identified to complete each phase of the
strategic plan. Phase 1 of the strategic planning process would connect the San
Bernardino Transit Center at E Street to Redlands University using passenger rail
vehicles on a single-track alignment with three intermediate stations. The
Phase 1 operations are similar, though not identical, to the definition of the
Commuter Rail Alternative of the Alternatives Analysis. Phase 1 operations
would more closely resemble a local transit service, which would operate back
and forth between the station platforms with express train service during the
peak commute hours.
Phase 2 of the strategic planning process upgrades the rail service in Phase 1 to
LRT, with double tracking and five additional stations. Phase 3 of the strategic
planning process extends the passenger rail alignment to create a loop that
connects the Redlands Corridor to San Bernardino International Airport and the
City of Highland.
Throughout the strategic planning process, the engineering team has provided
SANBAG with alternatives analyses and ridership forecasts for a wide range of
variables, including alternative modes of transportation, service levels, and
station locations. Concurrent with the change in approach from the alternative
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analysis to the strategic plan, the engineering team has engaged in a process of
educating and engaging local governments to reevaluate their land use plans and
to concentrate transit-oriented development in the Redlands Corridor station
areas. The results of the updated land use plans have been used to prepare
alternate land use scenarios and socioeconomic data input for application in the
travel demand model.
The purpose of this model application and ridership report is to describe the
application of the travel demand model, and to summarize the resulting
ridership forecasts for Phase 1 of the Strategic Plan. Section 2.0 of this technical
memorandum summarizes the basic procedures for application of the San
Bernardino Valley Focus Model (SBVFM).
Section 3.0 of this technical memorandum presents a summary of the input
assumptions and summarizes the ridership forecasting results for Phase 1 of the
strategic plan process.
Section 4.0 of this technical memorandum presents summaries of the impacts of
several input assumptions, and provides estimates of elasticity values that can be
used to assess the range of ridership forecasting results that could occur in the
future.

Cambridge Systematics, Inc.
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2.0 Travel Demand Model
Application
The forecasting tool employed for the Redlands Passenger Rail Project is the San
Bernardino Valley Focus Model (SBVFM), which is a focused model derived
from the Southern California Association of Governments (SCAG) regional
model. Elements of the SCAG model are documented in 2003 SCAG Model
Validation and Summary – Regional Transportation Model (January 2008).
The SBVFM uses the basic structure of the SCAG model, with the mode choice
model derived from the Orange County Transportation Authority Model
(OCTAM) – customized for use in the San Bernardino Valley – with a focused
definition of the networks and zone system within the San Bernardino Valley.
The SBVFM employs the traditional 4-step modeling process used in the SCAG
model. Special features of the SBVFM include the following:
•

All person trips are modeled (including nonmotorized);

•

Auto-ownership is tied to transit accessibility;

•

Person trip data is split into peak and off-peak trips before application of
distribution models;

•

Feedback loops are used for highway and transit skims;

•

Logsums are used to estimate composite impedance for application within
trip distribution models for the home-based work trip purpose;

•

Vehicle trip data is split into four time periods and converted to origindestination format using time-of-day models; and

•

Transit trip data is assigned to peak (AM) and off-peak (midday) time
periods in production-attraction format.

The travel demand model methodology and validation are described in greater
detail in Redlands Passenger Rail Project Travel Demand Model Methodology and
Validation draft technical memorandum (August 2011).
That technical
memorandum summarizes modeling methodology and model validation for the
Redlands Passenger Rail Project, using the SBVFM.
Following validation of the SBVFM, this model was used to produce travel
forecasts and user benefits for future year conditions to assess future year transit
ridership sensitivity for several combinations of transit alternatives for the
Redlands Corridor.
Application of the SBVFM is performed in two steps: creation of baseline person
trip tables; and mode choice and assignment for transit alternatives. This two-
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step process has been utilized in order to satisfy the FTA requirement for New
Starts projects that requires alternatives analyses to use common person trip
tables and common highway skim data.
The SBVFM could, hypothetically, be applied in a single step process whereby
each transit scenario is run through the complete model stream. This approach
would allow the model to recognize the incremental effects that the transit
scenarios have on the highway skims and trip distribution (e.g., if a transit
scenario attracted significant ridership from auto modes, traffic volumes for that
scenario would be lower and highway speeds would be faster). These faster
highway speeds would result in changes to the highway and transit skims, the
trip distribution, as well as the mode choice results.
Under the two-step application process, the baseline person trip tables are
created by preparing the input data for the baseline alternative (socioeconomic
data files and highway and transit networks) and running the model stream
through three full feedback loops to bring the skims and trip distribution models
into a state of equilibrium.
A new database is then built for each future transit scenario using a transit
network coded to represent the operations of that transit scenario. The baseline
person trip tables and highway skims are then used to build transit skims for
each transit scenario, and the mode choice model is used to create a final set of
highway and transit trip tables. The transit trip tables are assigned to the transit
networks and the results are analyzed to compare the transit scenarios.
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3.0 RPRP – Phase 1 Ridership
Forecasts
Subsequent to the strategic planning process, SANBAG has continued to study
options for a Phase 1 project, including station platform locations and operating
plans. The remainder of this chapter is used to document the Phase 1 alternative
and ridership results for opening year 2018 and horizon year 2038.

3.1 DESCRIPTION OF ALTERNATIVES
No Project Alternative
The No Project Alternative includes existing and committed infrastructure,
facilities, and services contained in the SCAG Federally-approved transportation
plan, the Federal Statewide Transportation Improvement Program (FSTIP). A
No Project Alternative provides an essential benchmark to test whether project
alternatives improve future transit service compared to improvements planned
to be implemented without the proposed project. The No Project Alternative
includes existing transit services in the Cities of San Bernardino, Loma Linda,
and Redlands (consisting of 12 local bus routes and one express bus route
operated by Omnitrans, and two bus routes serving the mountain areas of Big
Bear and Lake Arrowhead operated by Mountain Area Transit Authority). The
No Project Alternative also includes the E Street Corridor sbX (BRT) project and
the one-mile extension of Metrolink service to the new San Bernardino Transit
Station at Rialto and E Streets in downtown San Bernardino. Of the transit
services listed above, five local Omnitrans bus routes provide transit service
within the Redlands Corridor, while the other transit routes provide transfer
opportunities at the San Bernardino Transit Station.

Phase 1 Alternative – Passenger Rail
The first phase of the Redlands Passenger Rail Project Strategic Plan supports the
development of a passenger rail service operating between the San Bernardino
Transit Center and the University of Redlands. The proposed Phase 1 alternative
begins at the future San Bernardino Transit Center, and extends east eight blocks
before turning southward, passing to the southwest of Waterman Avenue and
Orange Show Road. The right-of-way then crosses the Santa Ana River and
turns east until reaching Richardson Street, where the corridor turns southeast
until passing under I-10 near Bryn Mawr Avenue. The corridor then turns to the
east, paralleling I-10 to Nevada Street until turning southeast again, running
parallel to Redlands Boulevard to Texas Street. It then turns east, passing under
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I-10 again near Church Street, and ending at the south end of the University of
Redlands.
Passenger rail technology was selected for Phase 1 because it allows for quicker
and less expensive implementation. Passenger rail vehicles (engines and cab
cars) are readily available through Metrolink and would require only minimal
rehabilitation to go from storage to operation. The Phase 1 service is proposed to
operate on 30-minute headways in the peak periods and 1-hour headways in the
off-peak periods.
The five stations proposed would be located at the San Bernardino Transit
Center, Tippecanoe Avenue or Waterman Avenue, New York Street, Downtown
Redlands, and University of Redlands. The Phase 1 alignment is illustrated in
Figure 3.1.

Operating Plans
Operating plans for Phase 1 in both future years are displayed in Table 3.1. The
operating assumptions include service frequency, vehicle capacity and station-tostation run time estimates for the Phase 1 alternatives.
For the purposes of estimating ridership forecasts for Phases 1 and 2 of the RPRP
Strategic Plan, the horizon year (2038) and operating plans are based on the same
assumptions used for the RPRP Alternatives Analysis.

Table 3.1

Operating Plans for RPRP Phase 1 (Opening and Horizon Years)

Variable
Number of Stations
Length (miles)

Value
5
8.95

Travel Time - Tippecanoe (min:sec)

15:55

Travel Time – Waterman Option (min:sec)

16:15

Capacity (seated)

132

Peak Headway

30

Off-peak Headway

60

Weekend Headway

60

The Phase 1 train sets shuttling between the University of Redlands station and
the San Bernardino Transit Center would not interline with Metrolink and would
be composed of a locomotive and a cab car—much shorter than the standard
Metrolink train sets. The exception to this would be two express (Metrolink)
trains that would operate in the AM and PM peak hours. Heavy maintenance
activities would be completed at a Metrolink facility, saving the cost of
constructing a maintenance facility.
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Figure 3.1

Phase 1 – Passenger Rail Alignment

Cambridge Systematics, Inc.
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If future phases of this project result in a change in technology to LRT, passenger
rail platform heights are compatible with LRT, thus reducing the costs to retrofit
stations and platforms. That potential cost savings for LRT would have to be
balanced against the cost of an electrified traction power system and the lower
vehicle costs of DMUs in the analysis and selection of a mode to replace
passenger rail in the future.
Phase 1 would require removal and replacement of the existing track and
addition of an approximately 1-mile-long passing track near the halfway point of
the proposed corridor. Also, as a part of Phase 1, safety improvements would be
made at 24 grade crossings. The grade crossings will include crossing gates.
Phase 1 will replace the rail bridge over the Santa Ana River, as well as
rehabilitate/reconstruct four other drainage crossings.
The annual operations and maintenance costs for Phase 1 are $8 million (2012
dollars). The capital cost for Phase 1 is estimated to cost up to $200 million.
Phase 1 would be funded using a combination of regional, state, and Federal
sources.
The Phase 1 track alignment will be designed to the extent feasible so that in later
phases of the project the corridor can be expanded to become double tracked,
and so that rail technology such as LRT or DMU can replace the passenger rail
technology at minimal costs.

Interface with Other Existing and Planned Transit Services
Both No Project and Phase 1 alternatives assume that Metrolink will be extended
from the existing Santa Fe Depot to the new E Street Transit Center, and that the
E Street sbX, currently under construction, will be in operation. The Phase 1
Passenger Rail alternatives would require a transfer at the E Street Transit Center
to access Metrolink Commuter Rail service to Downtown Los Angeles and
Riverside, E Street sbX service, and local bus services. Two Metrolink lines
currently run all day service into the existing Santa Fe Depot and terminate west
of the I-215 freeway and downtown San Bernardino. The Inland Empire-Orange
County Line operates 14 trains daily, and extends from Oceanside in San Diego
County north through Anaheim and Riverside into San Bernardino. The San
Bernardino Line has Metrolink’s most frequent service with 42 weekday trains,
as well as weekend service into downtown Los Angeles.
Existing transit service in the study area includes five fixed-route bus routes
(Omnitrans Routes 2, 8, 9, 15, and 19), which are operated by Omnitrans in the
Redlands Corridor. The baseline and build alternatives assume that the existing
Omnitrans local bus routes and the proposed sbX E Street BRT route will be
operated in the Redlands Corridor. Alignments for these routes are assumed to
be maintained with only minor alignment variations to serve the new San
Bernardino Transit Station at E Street.
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Figure 3.2 shows the existing bus service that will interface with the proposed for
the Redlands corridor.

Figure 3.2

Bus Services in Redlands Corridor Alternatives

Source: HDR, Inc., 2011.

Service Frequency
Service frequencies for transit routes in both the No Project and RPRP Phase 1
alternatives are assumed the same for both analysis years. Service frequencies
for Route 2 and the E Street sbX are consistent with short-range and long-range
plans for the sbX system. Table 3.2 summarizes the assumed service frequencies
for Omnitrans bus routes in the No Project and Phase 1 alternatives.

Cambridge Systematics, Inc.
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Table 3.2

Peak Headways for Transit Routes Phase in Redlands Corridor

Route

Opening Year 2018

Horizon Year 2038

Omnitrans Route 2

30

20

Omnitrans Route 8

60

60

Omnitrans Route 9

60

60

Omnitrans Route 15

30

30

Omnitrans Route 19

30

30

Omnitrans sbX E Street BRT

10

5

3.2 TRANSIT RIDERSHIP FORECASTS
The ridership forecasts for the No Project and RPRP Phase 1 alternatives
documented in this section were prepared for opening year 2018 and for horizon
year 2038 using socioeconomic data derived from SCAG RTP 2008. SCAG RTP
2012 socioeconomic data were not available for this analysis. However,
subsequent comparison of the socioeconomic data in the 2008 and 2012 datasets
confirms that there is minimal difference in the long-range data in the Phase 1
station area.
The ridership forecasts are based on the operating plans for the alternatives, as
described above.

Linked Transit Trips – New Transit Trips
The total numbers of daily linked transit trips associated with the No Project and
RPRP Phase 1 alternatives are summarized in Table 3.3. The estimated numbers
of transit trips are shown for both San Bernardino County and the Redlands
Corridor study area.

Table 3.3

Daily Linked Transit Trips for Phase 1 Alternatives –
Years 2018 and 2038
Opening Year 2018

Area/Statistic
San Bernardino County
New Trips
Corridor Study Area
New Trips

3-6

Horizon Year 2038

No Project

Phase 1

No Project

Phase 1

56,730

56,940

102,390

102,560

–

210

–

170

21,950

22,190

27,990

28,180

–

240

–

190
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This table shows that the Phase 1 improvements are forecast to attract
approximately 200 new transit trips in both opening year 2018 and horizon year
2038, as compared to the No Project Baseline.

Unlinked Transit Trips – Transit Ridership by Route
The Phase 1 ridership forecasts are based on a five station passenger rail
alignment that includes four stations at San Bernardino Transit Center, New
York Street, Downtown Redlands and University of Redlands, plus one
additional station that will be located at either Tippecanoe Avenue or Waterman
Avenue. In both future year model runs the alignment with the Tippecanoe
Avenue Station is forecast to attract more passengers than the alignment with the
Waterman Avenue Station. The tabulated ridership forecasts for each future year
presents a range of values wherein the higher value is associated with the
Tippecanoe Avenue station location and the lower value is associated with the
Waterman Avenue station location.
The daily unlinked transit ridership forecasts for the transit routes serving the
Redlands Corridor study area in the No Project and RPRP Phase 1 alternatives
are summarized in Table 3.4. This table shows that the Redlands Rail route is
forecast to carry between 720 and 820 daily riders in opening year 2018
(depending on the Tippecanoe/Waterman station location) and between 1,120
and 1,340 daily riders in horizon year 2038.

Table 3.4

Daily Transit Trips (Boardings) for Redlands Corridor Routes

Route
Redlands Rail

Opening Year 2018
No Project
–

Phase 1a

Horizon Year 2038
No Project

720/820

–

Phase 1a
1,120/1,340

Omnitrans Route 2

1,550

1,540

2,170

2,160/2,170

Omnitrans Route 8

1,590

1,520

1,810

1,830/1,840

Omnitrans Route 9

1,950

1,860/1,870

2,190

2,080

Omnitrans Route 15

4,320

4,420

4,840

4,830

Omnitrans Route 19

3,950

3,880

4,490

4,340

Omnitrans sbX E Street

6,210

6,130/6,030

9,670

9,370/9,160

Other Omnitrans Routesb

20,000

20,050

28,770

28,790

San Bernardino Metrolink

10,910

10,930

20,640

20,670

6,250

6,260

8,720

8,760

56,730

57,310/57,320

83,300

83,950/83,980

IE-OC Metrolink Line
All Study Area Routes

Additional Transit Boardings
vs. No Project Alternative

–

580/590

–

650/680

a

Multiple values reflect differences in ridership forecasts for alternate station options
(Waterman/Tippecanoe).

b

Other routes serving San Bernardino Station include Omnitrans Routes 1, 3, 4, 5, 7, 10, and 14.
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Comparison of these ridership forecasts to the new trips presented in Table 3.3
shows that the model assumes that the majority of passengers riding the
Redlands Rail route will be existing transit riders, who alter their transit paths to
include the Redlands Rail route. In opening year 2018, approximately 30 percent
of the passengers on the Redlands Rail route are assumed to be new transit
riders, and the remaining 70 percent existing riders. In horizon year 2038,
approximately 15 percent of the Redlands Rail passengers are new transit riders.
The transit routes serving the Redlands Corridor study area in opening year 2018
are forecast to accommodate 56,700 (No Project) and 57,300 (Phase 1) total daily
boardings, a net increase of approximately 600 boardings for the Phase 1
alternative over the No Project Baseline Alternative. Similarly, the transit routes
serving the Redlands Corridor study area in 2038 are forecast to accommodate
83,300 (No Project) and 83,950(Phase 1) total daily boardings, a net increase of
approximately 650 boardings for the Phase 1 alternative over the No Project
Baseline.
Since there are approximately 200 new transit trips forecast for each of the future
years (Table 3.3), this data implies that the transfer rates for trips associated with
the Redlands Rail route are higher than the transfer rate for transit routes that
currently operate in the Redlands corridor (the current transfer rate equates to
approximately 1.4 boardings per transit trip). The increased transfer rates imply
that the travel time savings provided by the Redlands Rail route will make multiseat transit paths more attractive than in the current transit system. For example,
with the Redlands Rail route, Metrolink riders from Redlands who currently
drive to the Metrolink station in San Bernardino are likely to change their
behavior and use the Redlands Rail route to get from Redlands to the Metrolink
station, thereby, adding a transfer to their transit path.
Most Omnitrans bus routes within the Redlands Corridor study area (Omnitrans
Routes 2, 8, 9, 19, and sbX) are forecast to experience minor ridership losses with
the Phase 1 Alternative, as compared to the No Project Baseline, due to
competition between the local routes and the Redlands Rail route. Other
Omnitrans bus routes that operate outside the Redlands Corridor study area but
interface with Redlands Rail at the San Bernardino Transit Center are forecast to
experience minor ridership gains with the Phase 1 Alternative, as compared to
the No Project Baseline, due to the improved mobility and travel times offered by
the Redlands Rail route. Similarly, ridership on the Metrolink routes that serve
the San Bernardino Transit Center – the San Bernardino and Inland EmpireOrange County Metrolink Lines – is forecast to increase with the Phase 1
Alternative due to the improved connectivity offered by the Redlands Rail route.

Ridership Activity at Stations
The daily station activity forecasts for Phase 1 Redlands Rail route in 2018 and
2038 are summarized in Table 3.5. This table shows the number of daily
boardings (and alightings) forecast for the stations in each future year.
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Table 3.5

Daily Transit Boardings at Redlands
Redlands Rail Stations

Station
San Bernardino Transit Center
Waterman Avenue/Tippecanoe
Avenue
Avenue
New York Street
Downtown Redlands
University of Redlands
Total
a

Opening Year 2018a

Horizon Year 2038a

310/350

520/610

30/80

70/180

60

130

200/210

260/280

120

140

720/820

1,120/1,340

Multiple values reflect differences in ridership forecasts for alternate station options
(Waterman/Tippecanoe).

The San Bernardino Transit Center is forecast to serve the greatest passenger
volume in both future years, followed by the Downtown Redlands Station. The
data in Table 3.5
3 is displayed graphically in Figure 3.3.

Figure 3.3

Daily Transit Boardings at Redlands Rail Stations

Access Modes
Table 3.6 displays
display the access mode shares forecast for each station, and
aggregated for the entire system,
system for year 2018 and 2038 operations of the
Phases 1 Redlands Rail route
route. In both forecast years, walk access is more popular
than transfer access as the most common access mode. Walk access is the
predominant access mode at most of the stations except Downtown Redlands,
where transfer access is the predominant access mode,
mode, and San Bernardino,

Cambridge Systematics, Inc.
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where walk and transfer access are almost equal. It is possible to transfer from
other transit routes at only three of the five stations in the Phase 1 alternatives.
Auto access accounts for only three percent of the total station access forecast for
the Phase 1 Redlands Rail alignment for both future years.

Table 3.6

Transit Access Shares at Redlands Rail Stations
Opening Year 2018

Horizon Year 2038

Station

Walk

Auto

Transfer

Walk

Auto

Transfer

San Bernardino Transit Center

50%

1%

49%

48%

1%

51%

Waterman Avenue/
Tippecanoe Avenue

57%

0%

43%

82%

0%

18%

New York Street

99%

1%

0%

100%

0%

0%

Downtown Redlands

32%

0%

68%

24%

6%

70%

University of Redlands

84%

16%

0%

95%

5%

0%

Total

56%

3%

41%

51%

3%

46%

Transit Loads
Transit loads are the number of passengers on transit vehicles at any point on the
transit route. Transit loads differ from transit activity, which represents the
number of passengers boarding and alighting at each station. Transit loads are
compared to vehicle capacity in order to assess the ability of the planned
operations to serve the forecast demand. Daily transit loads are tabulated for
year 2018 and 2038 operations of the Phase 1 Redlands Rail route in Table 3.7.

Table 3.7

Daily Transit Loads between Redlands Rail Stations
Opening Year 2018a

Horizon Year 2038a

San Bernardino – Waterman/Tippecanoe

620/660

1,050/1,230

Tippecanoe/Waterman – New York

590/600

990/1,020

New York – Redlands

510/520

760/790

Redlands – University

240

270/280

Stations

a

Multiple values reflect differences in ridership forecasts for alternate station options
(Waterman/Tippecanoe).

The data in Table 3.7 is displayed graphically in Figure 3.4. The peak loads for
Phase 1 are forecast to be over 600 riders per day in opening year 2018 and over
1,000 riders per day in horizon year 2038. These exhibits show that the peak
loads for both future years are in the western end of the corridor, in the City of
San Bernardino.
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Figure 3.4

Daily Transit Loads between Phase 1 Redlands Rail Stations
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Peak-Hour Ridership
Peak-hour ridership forecasts can be used to plan such design elements as station
design, platform length and fleet requirements. Peak-hour boarding forecasts at
transit stations for year 2018 and 2038 operations of the Phase 1 Redlands Rail
route are tabulated in Table 3.8. This table shows that, for both future years, in
the AM peak hour the San Bernardino Transit Center and Downtown Redlands
stations will have the greatest demand for transit boardings. In the PM peak
hour the San Bernardino Transit Center is forecast to have, by far, the greatest
demand for transit boardings.

Table 3.8

AM and PM Peak-Hour Transit Boardings at Rail Stations
Opening Year 2018a

Station
San Bernardino Transit Center
Waterman Avenue/
Tippecanoe Avenue
New York Street
Downtown Redlands
University of Redlands
Total
a

Horizon Year 2038a

AM Peak Hour
35/46

PM Peak Hour
46/49

AM Peak Hour
58/74

PM Peak Hour
75/80

4/10

3/8

4/12

11/29

8

9

19

13

32/33

19

43/44

21

20

14

25

12

99/117

90/99

148/174

132/155

Multiple values reflect differences in ridership forecasts for alternate station options
(Waterman/Tippecanoe).
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Peak-hour transit loads are tabulated for year 2018 and 2038 operations of the
Phase 1 Redlands Rail route in Table 3.9. The peak-hour loads forecast for both
directions of travel are tabulated separately to allow computation of transit
demand to seating capacity ratios on the system. The transit load data in this
table are displayed graphically in Figures 3.5 and 3.6 for the AM and PM peak
hours, respectively.
These exhibits show that the peak loads for both future years are found in the
western end of the corridor, in the City of San Bernardino. For both future years,
the peak transit loads are forecast for the westbound direction during the AM
peak hour, and for the eastbound direction during the PM peak hour.

Table 3.9

Peak-Hour Transit Loads between Rail Stations
Opening Year 2018a

Stations

Horizon Year 2038a

Eastbound

Westbound

Eastbound

Westbound

San Bernardino – Waterman/Tippecanoe

35/46

50/54

58/74

81/88

Waterman/Tippecanoe – New York

34

48/49

49

81/83

New York – Redlands

27

44/45

36

64/66

Redlands – University

15

20

15

25

San Bernardino – Waterman/Tippecanoe

46/49

33/42

75/80

53/67

Waterman/Tippecanoe – New York

44/45

31

74/76

45

New York – Redlands

40/41

25

59/61

33

Redlands – University

18

14

23

13/14

AM Peak Hour

PM Peak Hour

a

Multiple values reflect differences in ridership forecasts for alternate station options
(Waterman/Tippecanoe).

The peak-hour transit loads can be used to assess the ability of the planned
operations to serve the forecast demand. Table 3.10 presents a tabulation of the
demand-to-capacity ratio for year 2018 and 2038 operations of the Phase 1
Redlands Rail route. The number of peak-hour vehicles and seating capacities
are derived from the operating assumptions for the two future years. Operations
for both future years assume single-car consists. The highest peak load on a
single vehicle operating during the peak hour is estimated assuming a peak-hour
factor of 1.25 (i.e., the peak vehicle is assumed to carry 25 percent more
passengers than the average peak hour vehicle).
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Figure 3.5

AM Peak-Hour Transit Loads for Phase 1 Redlands Rail Stations
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The demand-to-capacity ratios calculated for both future years demonstrate that
the operating plans and vehicle seating capacities will easily supply sufficient
seating for all passenger demand on the peak vehicles. Peak vehicle demands on
the Phase 1 system are forecast to consume approximately 25 percent of total
capacity in opening year 2018, and 40 percent of capacity in horizon year 2038.

Table 3.10

Demand-to-Capacity Ratios

Variable
Vehicles during Peak Hour

a

Opening Year 2018a

Horizon Year 2038a

2

2

Vehicle Seating Capacity

132

132

Vehicle Total Capacity

132

132

Peak Passenger Load (Peak Hour)

50/54

81/88

Peak Passenger Load (Peak Vehicle)

31/34

51/55

Peak Vehicle Load/Capacity Ratio

24%/26%

38%/42%

Multiple values reflect differences in ridership forecasts for alternate station options
(Waterman/Tippecanoe).

3.3 INTERSECTION TURNING MOVEMENT COUNTS
The traffic forecast methodology applies a post-processing procedure to estimate
future intersection turning movement volumes. Existing turning movement
counts are used as the seed data, and the model-generated traffic assignment
volumes are used to calculate and apply traffic growth factors for each
intersection approach leg. The post-processing methodology estimates future
year background traffic for each approach of intersections being analyzed by
comparing future year No Project traffic assignments to validation year traffic
assignments. This methodology uses the assignment volume comparisons to
calculate annual growth rates for each intersection approach leg, separately for
AM and PM peak periods. The future growth for the background traffic is
calculated by applying growth factors for the appropriate number of years to
grow from observed traffic counts (in year 2011) to the two future years:
opening year 2018 (seven years of compounded growth) and horizon year 2038
(27 years of compounded growth).
For estimating the impacts of project related traffic in future years, the postprocessing methodology applies a direct adjustment to the background traffic
counts. First, future year No Project traffic assignments are compared to future
year with Phase 1 traffic assignments to calculate the assignment differences, and
then the raw difference in assigned traffic volumes is added to the background
traffic counts to estimate the Phase 1 traffic volumes.
Intersection volumes for observed traffic counts and for future alternatives are
tabulated in Appendix A.

3-14

Cambridge Systematics, Inc.

Redlands Passenger Rail Project
Model Application and Ridership Forecasts –Phase 1 Project

4.0 Sensitivity Analysis
The transit ridership forecasts presented in Section 3.0 of this memorandum are
based on a conservative set of assumptions regarding the socioeconomic
characteristics and other variables input to the travel demand model. Such
conservative assumptions are necessary when producing ridership forecasts that
will be subject to review by agencies, such as the Federal Transit Authority (FTA)
that insist that forecasts conform to regionally accepted transportation plans.
However, throughout the planning process for the Redlands Passenger Rail
Project, the engineering team has also provided SANBAG with alternatives
analyses and ridership forecasts for a wide range of variables, including
alternative modes of transportation, service levels and station locations.
Concurrently with the change in approach from the alternative analysis to the
strategic plan, the engineering team has engaged in a process of educating and
engaging local governments to reevaluate their land use plans and to concentrate
transit-oriented development in the Redlands Corridor station areas. The results
of the updated land use plans have been used to prepare alternate land use
scenarios and socioeconomic data input for application in the travel demand
model.
This sensitivity analysis documents the impacts of several input assumptions and
provides estimates of elasticity values that can be used to assess the range of
ridership forecasting results that could occur in the future under a range of
conditions. Specific variables subject to analysis include:
•

Land use in RPRP corridor and station areas (ranging from current RTP
forecast to full TOD build-out plans);

•

Number of stations;

•

Service characteristics (e.g., service frequency and operating speeds); and

•

Travel mode.

Land Use
Of all variables studied, the variable with the greatest potential impact to attract
additional transit ridership to the Redlands Corridor is land use density. This is
primarily due to the fact that the existing development density along most of the
corridor is very low, and increases in the development density to modest levels
will have a profound impact on the transit ridership demand on the Redlands
Rail route.
The measure of development density chosen for application is the composite of
population and employment density in the station areas in the corridor.
Comparison of the ridership results of the preferred land use scenarios to the
composite development density in the RTP showsthat the ridership forecasts
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have an elasticity of approximately 0.63. In other words, a 40-percent increase in
the average development density in the station areas will results in a 25-percent
increase in the ridership demand on the Redlands Corridor route.

Number of Transit Stations
The number of transit stations served along a transit alignment has both positive
and negative impacts on transit ridership on the corridor route. The addition of
new stations necessarily reduces the operating speed of the corridor route, due to
additional acceleration/deceleration time and dwell time, which reduces transit
ridership demand. On the other hand, the addition of stations has a positive
impact on transit ridership if the new stations are located within access of trip
origins and destinations. In most cases, the positive impacts of the additional
coverage area easily outweigh the negative impacts of the additional travel time.
However, this relationship has limitations, and the return on investment in
additional stations reaches a point of diminishing returns when stations are
spaced too close together. This is due to the fact that most transit riders are
willing to walk a reasonable distance to access transit, and spacing stations close
together doesn’t always increase the catchment area, it merely improves the
access time for riders who would use the system regardless of the new stations.
It is difficult to quantify the ridership impact of additional stations because each
potential station location is unique, especially in terms of the land use and
development density associated with the station location. However, if we
assume that development density of the new station location is similar to the
development density for other station locations in the corridor, we have found
that the ridership impact is almost directly related to the percent increase in the
number of stations (i.e., the elasticity of the number of stations is approximately
0.90).
Similarly, if we assume that development density of the new station location is a
fraction of the average development density for the other station locations in the
corridor, we have found that the ridership impact is then related to the percent
increase in the number of stations times the relative development density of the
new station area(s).
For example, if we start with an alignment that includes five stations, and add an
intermediate station in a location that has a development density that is one-half
the development density of the stations along the original alignment, we can
calculate that the new six-station alignment will attract 9 percent more ridership
than the original route (20 percent increase in number of stations × 0.90 elasticity
× 0.50 ratio of development densities = 9 percent).
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Service Characteristics
The quantifiable service characteristics of the transit alternatives have a direct
and quantifiable impact on the transit ridership. Comparison of operating
speeds and ridership forecasts for the alternatives analysis allow us to quantify
the relationship between transit operating speeds and ridership on the Redlands
Rail route. For example, data from the alternatives analysis can be used to
estimate that the elasticity for average travel speed on the corridor alignment is
approximately 0.40 (i.e., a 10-percent improvement in the average travel speed
will result in a 4-percent increase in the ridership on the corridor route).
Similarly, we can calculate the ridership effect of improvements in the service
frequency on the corridor route. The elasticity for service frequency on the
corridor alignment is approximately 0.80 (i.e., a 25-percent improvement in the
service frequency (headway) will result in a 20-percent increase in the ridership
on the corridor route. The measure of service frequency is transit headway,
which has values that are inversely related to the service frequency. Therefore
the elasticity for service frequency is expressed as a negative value (-0.80).

Premium Travel Mode
The premium travel mode chosen to serve the Redlands Corridor has very
limited impact on the ridership forecasts. The alternatives analysis was able to
identify minor ridership variations for the different travel modes (BRT, LRT,
DMU, and commuter rail), but most of the ridership impacts were due to the
service characteristics of the alternative modes.
For example, the LRT mode provided the fastest operating speeds of the
alternatives tested in the alternatives analysis, and this is the primary reason that
LRT achieved the highest ridership forecast. On the other hand, the analysis
performed for the Redlands Corridor strategic plan compared the Phase 1
alternative using passenger rail mode, to the Phase 2 alternative using LRT. In
this analysis, the Phase 2 alternative was forecast to attract more than twice the
ridership of the Phase 1 alternative, even though the operating speeds of the
passenger rail route in Phase 1 were much faster than the LRT route in Phase 2.
This was because the other operating characteristics for Phase 2 were superior,
including service frequency and the number of stations served.

Summary and Combined Effects
The transit ridership elasticities estimated for the premium transit service in the
Redlands Corridor are summarized in Table 4.1.
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Table 4.1

Summary of Elasticity Values

Variable

Elasticity Value

Land Use Development Density

0.63

Number of Stations

0.90

Operating Speed

0.40

Service Frequency

-0.80

As an example exercise, Table 4.2 presents the results of using elasticity values to
estimate the cumulative effects of several changes to the future environment.
When estimating the ridership impacts of a combination of variables, it is
important to take care to avoid double-counting effects of dependent variables.
Table 4.2 first shows that composite land use density growth is calculated to
increase from 17 per acre to 54 per acre, and the elasticity value of 0.63 is applied
to calculate that ridership demand will increase from 1,330 daily trips to 2,620
daily trips as a result of the development density in the stations areas.
Subsequent rows of Table 4.2 show the effects of changing the number of stations
along the alignment (from 5 to 10), the average operating speed (from 34 mph to
30 mph) and the peak service frequency (from 30 minutes to 15 minutes). The
cumulative effects of these variables are calculated and applied sequentially to
estimate that the total transit demand on the RPRP alignment will increase to a
total of 6,100 daily trips.

Table 4.2

Combined Effects of Ridership Impacts

Variable

Base
Value

Alternate
Value

Variable Elasticity
Changea
Value

Ridership
Changea

Baseline Value (Year 2038
Phase 1 with Tippecanoe)
Composite Land Use
Density (population plus
employment/acre)

1,330
17

54

104%

0.63

65%

2,620

5

10

67%

0.52b

34%

3,710

Operating Speed (mph)

34

30

-13%

0.40

-5%

3,530

Service Frequency
(minutes)

30

15

-67%

-0.80

53%

6,100

Number of Stations

4-4

Cumulative
Ridership

a

When applying arc elasticity procedures, both the variable change and the ridership change are calculated
from the mid-point of the Base and Alternative values.

b

The base elasticity value for number of stations (0.90) is factored by the relative density of the new station
areas to the original station areas (0.62) to calculate the applied elasticity value (0.52).

Cambridge Systematics, Inc.

Redlands Passenger Rail Project
Model Application and Ridership Forecasts –Phase 1 Project
Appendix

A. Intersection Turning
Movement Count Volumes
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Appendix

Figure A.1 Year 2011 Intersection Count Volumes
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Appendix

Figure A.2 Year 2018 Intersection Count Forecasts – No Project
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Figure A.3 Year 2018 Intersection Count Forecasts – Phase 1
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Figure A.4 Year 2038 Intersection Count Forecasts – No Project
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Figure A.5 Year 2038 Intersection Count Forecasts – Phase 1
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