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Recommendation
Staff recommends that the Rail Committee receive and review the Draft Rail Corridor
Circulation Study White Paper (Attachment A) and provide input regarding any additional
scenarios that we may wish to analyze as we move forward with the development of the
alternatives for in depth analysis.
Background and Discussion
Separate from the Context Sensitive Solutions (CSS) Alternatives Analysis task, the Rail Program
Manager was charged with completing a high-level circulation study. This study included the
following components:
1. Data assembly and review (complete)
2. Research existing documents (complete)
3. Collect and examine multimodal traffic counts (complete)
4. Validate base year in the regional and local travel demand models and adjust models to
account for increased rail service along the corridor (underway)
5. Collate and review any relevant development proposals within the study area
(underway)
6. Model future traffic conditions under up to eight scenarios to include:
a. No build scenario with current rail corridor service
b. No build scenario with increased rail corridor service (CalMod and HSR)
c. Build scenario 1
d. Build scenario 2
e. Build scenario 3
f. Build scenario 4
g. Build scenario 5
h. Build scenario 6
7. Conduct field observations on travel behavioral patterns
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8. Assess the record of collision occurrences at the rail crossings and surrounding areas
9. Analyze grade crossing hazards and gate downtime
10. Quantitatively and qualitatively evaluate up to eight scenarios, using the following
performance measures:
a. Total vehicle miles travelled
b. Total vehicle hours consumed
c. Average trip length, trip duration time and highway network speed
d. Changes in modal choice
e. Total travel user benefits and collision savings benefits over a 20-year period
f. Motor vehicle level of service by intersection
g. LOS by movement at intersections
h. Changes in specific origin-destination journey times
i. Delays to transit services
j. Delays to pedestrians and bicycles
k. Motor vehicle queue lengths at intersections
l. Delays at individual intersections by movement
The intent of the Rail Corridor Circulation Study is to estimate the effect on traffic circulation
under up to eight different scenarios that were modeled using the regional and local travel
demand model. These scenarios include several variations of grade crossings and grade
separations at each railroad corridor crossing location. The first two scenarios do not include
any new grade crossings, new grade separations or modifications to existing crossings, as they
are the so-called “no build” scenarios. The other six scenarios include varying collections of new
multi-modal grade-separated crossings, new bicycle and pedestrian only grade-separated
crossings, new grade separations, modified grade crossings, and closed grade crossings. The
analysis of scenarios is intended to inform the selection of grade separations alternatives for
more in depth study and evaluation.
Scenarios that were not included in the initial study may still emerge via the community process
and those that were selected were chosen in part for their ability to inform the development of
grade separation alternatives, including their physical attributes and phasing.
Please also note that where the circulation study assumes grade separations, it does not
differentiate between the type of separation (underground, above ground, etc.). This is due to
the nature of the study and means that additional circulation analysis will likely be needed for
grade separation alternatives that emerge through the community process if, for example, the
type of separation results in local street closures in the vicinity.
A more detailed examination of the intersections at and close to the current at-grade crossings
has also been carried out using traffic operational models. These “Year 2030” scenarios include
several variations of grade crossings and grade separations at each railroad corridor crossing
location. The first two scenarios (“Year 2030 Business-as-Usual” and “Year 2030 Baseline”) do
not include any new grade crossings, new grade separations or modifications to existing
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crossings, as they refer to the “No Build” scenarios. The remaining six (6) scenarios (Year 2030
Scenarios 1 through 6) include varying collections of new multi-modal grade-separated
crossings, new bicycle-and-pedestrian-only grade-separated crossings, new grade separations,
modified grade crossings, and closed grade crossings. The analysis of scenarios is intended to
inform the selection of grade separations alternatives for more in-depth study and evaluation.
These scenarios are not intended to establish any policy direction or presuppose the selection
of a particular Preferred Alternative.
The impacts of any future modifications to the current at-grade and grade-separated crossings
will affect accessibility across the Caltrain tracks. To construct a grade separation where
currently there is an existing at-grade crossing clearly reduces the interference or obstruction
caused by that crossing and therefore improves east/west access/capacity at that location.
That may or may not attract additional traffic to that crossing. Similarly, closing (i.e.
eliminating) an existing at-grade crossing will cause traffic to divert to other routes. The intent
of this study is to determine, at a high level, the changes to motor vehicle and bicycle traffic
circulation/demands under changes in accessibility/capacity caused by railroad crossing related
infrastructure improvement scenarios. To the extent that it is possible with the demand
models, an order-of-magnitude quantification of those changes is described.
Even if no changes or modifications are made to the existing rail crossings, increases in traffic
demands driven by land use and population growth would occur between existing and future
(2030) conditions. Motor vehicle traffic is forecast to grow at a little over 1% per year. The
Caltrain service modifications, made possible by the electrification, are likely to double the
number of trains in the peak periods compared to now, when they are implemented. There is
also the potential for having high-speed rail services on this line, in addition to Caltrain. The
combination of the increased frequency of gate closures at the crossings and increased traffic
flows will undoubtedly increase road congestion from what it is now.
Two types of Year 2030 “No Build” scenarios were first defined. A Year 2030 “Business as
Usual” scenario was first developed that includes growth in traffic between current and Year
2030 conditions while assuming no change to existing rail service frequencies, and no change in
existing roadway circulation conditions. Included in the Circulation Study tests, is another Year
2030 “No Build” scenario where both the increased train frequencies and increased traffic
growth (between existing and year 2030) are simulated within the demand models, while
assuming no future construction occurs. The second No Build scenario forms the ‘baseline’
from which comparisons against the scenario tests are made.
Finally, conclusions are drawn from the series of “sensitivity” tests carried out for sample
scenarios. It is important to note what is forecast to happen if nothing is done to improve the
crossings and not only whether diversions will occur under various scenarios of infrastructure
changes, but whether their impact is likely to be significant or not.
Timeline
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The initial Rail Corridor Circulation Study model runs are complete. Additional model runs may
be done concurrently with the selection of alternatives for in depth analysis and the study of
those alternatives.
Resource Impact
Funding for the Rail Corridor Circulation Study is included in the Fiscal Year 2017 Adopted
Capital Budget in CIP PL-17001, Railroad Grade Separation.
Policy Implications
The Rail Corridor Circulation Study is consistent with the following Comprehensive Plan goals,
policies and projects:
•

Policy T-7: Support plans for a quiet, fast rail system that encircles the Bay, and for
intracounty and transbay transit systems that link Palo Alto to the rest of Santa Clara
County and adjoining counties.

•

Program T-17: Support Caltrain electrification and its extension to downtown San
Francisco.

•

Program T-21: Study projects to depress bikeways and pedestrian walkways under Alma
Street and the Caltrain tracks and implement if feasible.

Environmental Review
The Rail Corridor Circulation Study is part of the required enviromental anaysis under the
California Environmental Quality Act (CEQA).
Attachments:
 Attachment A - Rail Corridor Circulation Study Complete Report
 Attachment B - CARRD Comments

City of Palo Alto

Page 4

Existing Conditions Report
Draft
City of Palo Alto Rail Program Management
November 2, 2017

City of Palo Alto

Mott MacDonald
4301 Hacienda Drive
Suite 300
Pleasanton CA 94588
United States of America
T +1 (925) 469 8010
F +1 (925) 469 8011
mottmac.com/americas

City of Palo Alto
250 Hamilton Avenue
Palo Alto, CA 94301

Existing Conditions Report
Draft
372569

1
1
C:\Users\cla34137\Desktop\Palo
Alto\PaloAltoRPM_Task4_ExistingConditionsReport_v4.docx
Mott MacDonald

City of Palo Alto Rail Program Management
November 2, 2017

City of Palo Alto

Mott MacDonald | Existing Conditions Report
Draft
City of Palo Alto Rail Program Management

Issue and revision record
Revision

Date

Originator

Checker

Approver

Description

A

Feb 24,
2017

Tina Hu

Ravi N

Michele
DiFrancia

First Internal Draft

B

March 3,
2017

Tina Hu

Michele
DiFrancia

Richard Davies

Second Internal Draft

C

June 7,
2017

Darlene
Gonzalez

Ravi N

Michele
DiFrancia
Richard Davies

Third Internal Draft

D

Nov 2,
2017

Darlene
Gonzalez

Richard
Davies

Ariel Morales

Fourth Draft

Document reference: 372569 | 1 | 1
Information class: Standard
This document is issued for the party which commissioned it and for specific purposes connected with the above-captioned
project only. It should not be relied upon by any other party or used for any other purpose.
We accept no responsibility for the consequences of this document being relied upon by any other party, or being used for any
other purpose, or containing any error or omission which is due to an error or omission in data supplied to us by other parti es.
This document contains confidential information and proprietary intellectual property. It should not be shown to other parties
without consent from us and from the party which commissioned it.
This r epo rt h as b een pre par ed s olely fo r us e by the par ty which co mmissio ned i t (t he ‘Clien t’) in conn ectio n with t he c aptio ned pr oject. I t sho uld not b e us ed f or a ny o the r pu rpos e. No pe rson oth er t han the Clie nt o r a ny pa rty w ho h as ex pres sly ag ree d te rms of r elianc e with us (t he ‘Re cipien t(s)’ ) m ay r ely on the cont ent, i nfo rma tion or a ny views exp resse d in t he rep ort. W e acc ept no d uty o f ca re, resp onsibility or lia bility to any oth er recipie nt of this docu men t. T his r epo rt is c onfid ential and cont ains p rop riet ary in tellect ual p rop erty .

No re pres enta tion, w ar ranty or und ert aking, exp ress or i mplied, is m ade and no resp onsibility or li ability is accept ed by us to a ny p arty othe r th an t he Clie nt o r an y Recipi ent( s), as to the accu racy or co mpl eten ess of the info rma tion c ontai ned in this re port . F or t he a voida nce of d oubt this repo rt d oes not i n any way p urp ort to incl ude any l egal, i nsu ranc e or fina ncial a dvice or o pinio n.
We disclaim all a nd a ny liability whet her arisi ng in tort or cont ract or othe rwise w hich it might oth erwise hav e to any par ty ot her tha n the Client or t he R ecipien t(s) , in resp ect of this rep ort, or any in for matio n at trib uted to it.
We acce pt no res ponsi bility fo r a ny er ro r or omissi on in the re port which is due to an e rro r o r o mission i n d ata, i nfor mati on o r sta tem ents suppli ed t o us by ot her pa rties in cludin g th e client (‘Dat a’). W e hav e n ot ind epe nde ntly ve rified such Data and hav e ass ume d it t o be accu rat e, co mplet e, r eliable an d cu rre nt as of t he d ate of suc h inf orm ation .
For ecasts pre sent ed in this d ocu ment wer e p repa red usin g Dat a an d th e re po rt is d epe nde nt o r bas ed on Dat a. I nevita bly, so me of th e ass um ptions use d to devel op t he fo rec asts will n ot b e re alised and un anticip ated eve nts a nd cir cums tanc es m ay occ ur. C onse que ntly Mott MacDo nald doe s no t gu ara ntee or w ar rant the conclu sions c ont ained in th e r epo rt as the re are lik ely to be differ enc es be twee n the for ecast s an d th e act ual r esults and thos e diff ere nces may be mat erial. W hile we consid er t hat the i nfor mati on a nd opinio ns giv en in this r epo rt a re s o und all par ties must rely o n th eir own skill a nd ju dge me nt whe n m aking use of it.
Under no ci rcu mstan ces may t his re por t or any extr act o r su mm ary t he reof be used i n co nnecti on wit h any pu blic or priv ate s ecuriti es of ferin g incl uding any rela ted me mor and um or p rosp ectus for any secu rities offe ring or st ock ex chan ge listi ng o r a nno unce ment .

372569 | 1 | 1 | November 2, 2017
C:\Users\cla34137\Desktop\Palo Alto\PaloAltoRPM_Task4_ExistingConditionsReport_v4.docx

Mott MacDonald | Existing Conditions Report
Draft
City of Palo Alto Rail Program Management

Contents

1

2

Introduction

7

1.1

Purpose

7

Policy Framework

8

2.1

2.2

3

8
8
9
9
10
10
12

Study Area

13

3.1
3.2
3.3

13
14
15
15
16
18
19
21
21
22
23
24
24
25
25
27
27

3.4

4

Palo Alto Policies
2.1.1
Palo Alto Comprehensive Plan – Transportation Element
2.1.2
Palo Alto Bicycle and Pedestrian Transportation Plan
2.1.3
Palo Alto Climate Protection Plan
2.1.4
Palo Alto Municipal Code
2.1.5
Safe Routes to School
Stakeholder Agencies

Land Use
Demographics
At-Grade Crossings
3.3.1
Palo Alto Avenue
3.3.2
Churchill Avenue
3.3.3
Meadow Drive
3.3.4
Charleston Road
Grade-Separated Crossings
3.4.1
Everett Avenue
3.4.2
University Avenue
3.4.3
Homer Avenue
3.4.4
Embarcadero Road
3.4.5
Seale Avenue
3.4.6
California Avenue
3.4.7
Oregon Expressway
3.4.8
Loma Verde Avenue
3.4.9
San Antonio Road

Caltrain

28

4.1

28
29
31
33
33
33

4.2
4.3

Caltrain Operations
4.1.1
Caltrain Stations
Grade Crossing Inventory Checklist from Caltrain Hazard Analysis
Caltrain Capital Projects
4.3.1
Signal Preemption Improvement Project
4.3.2
CBOSS Positive Train Control System

372569 | 1 | 1 | November 2, 2017
C:\Users\cla34137\Desktop\Palo Alto\PaloAltoRPM_Task4_ExistingConditionsReport_v4.docx

Mott MacDonald | Existing Conditions Report
Draft
City of Palo Alto Rail Program Management

4.3.3
4.3.4

5

6

7

Peninsula Corridor Electrification Project (PCEP)
PCEP Relation to the High-Speed Rail Project

33
34

Traffic Operational Analysis

35

5.1
5.2
5.3
5.4

35
36
36
37
37
38
42

Vehicular Level of Service Methodology and Standards
Significant Impact Criteria
Traffic Signal Warrant Analysis Criteria
Traffic Count Data
5.4.1
Intersection Traffic Operations
5.4.2
Roadway Traffic Counts and Traffic Operations
5.4.3
Roadway Intersection Collision Data

Other Transit Services

44

6.1
6.2
6.3
6.4
6.5

44
44
46
46
47

Overview
Santa Clara Valley Transportation Authority
SamTrans
AC Transit
Shuttles

Bicycle and Pedestrian Network

48

7.1
7.2
7.3
7.4

Overview
2012 City of Palo Alto Bicycle + Pedestrian Transportation Plan
Safe Routes to Schools
Bicycle Facilities

48
48
49
49

Appendix A — Federal, State and Regional Policy and Framework Review

50

Americans with Disabilities Act
50
Federal Highway Administration
50
Federal Railroad Administration
50
Union Pacific Railroad
51
California Complete Streets Act of 2008 (AB 1358)
51
California Department of Transportation
51
California Public Utilities Commission
52
California Transportation Commission
53
Senate Bill 743 (Steinberg, 2013)
53
Association of Bay Area Governments
53
Metropolitan Transportation Commission
53
Bay Area Air Quality Management District
54
Santa Clara Valley Transportation Authority and the Congestion Management Plan54
Santa Clara Valley Transportation Authority Bicycle Program
55
Santa Clara County
55

Appendix B – Caltrain Weekday Train Schedule

372569 | 1 | 1 | November 2, 2017
C:\Users\cla34137\Desktop\Palo Alto\PaloAltoRPM_Task4_ExistingConditionsReport_v4.docx

57

Mott MacDonald | Existing Conditions Report
Draft
City of Palo Alto Rail Program Management

Tables
Table 2-1: Summary of Transportation Goals from Comprehensive Plan
Table 2-2: SRTS Infrastructure Project Timeline

8
12

Table 3-1: Commute Modes
Table 3-2: Pedestrian and Bicycle Volumes at Palo Alto Avenue Crossing

14
15

Table 3-3: Pedestrian and Bicycle Volumes at Churchill Avenue Crossing
Table 3-4: Pedestrian and Bicycle Volumes at Meadow Drive Crossing
Table 3-5: Pedestrian and Bicycle Volumes at Charleston Road Crossing

17
18
20

Table 4-1: Caltrain Operations
Table 4-2: Average Weekday Ridership for Major Caltrain Stations

29
30

Table 4-3: At-Grade Crossing Intersection Inventory
Table 4-4: At-Grade Crossing Intersection Inventory

32
32

Table 4-5: Estimated Ridership with Proposed Caltrain Electrification Project
Table 5-1: LOS Definition for Intersection Control Delay (sec/veh)

34
35

Table 5-2: Existing Conditions: Intersections Level of Service – Typical Operations
Table 5-3: Palo Alto Avenue Railroad Crossing Traffic Volumes
Table 5-4: Churchill Avenue Railroad Crossing Traffic Volumes

38
41
41

Table 5-5: Meadow Drive Railroad Crossing Traffic Volumes
Table 5-6: Charleston Road Railroad Crossing Traffic Volumes

42
42

Table 5-7: Study Area Intersection Roadway Collision Data 2011-2015
Table 6-1: AC Transit - Line U Schedule

43
46

Table 7-1: City of Palo Alto Bicycle + Pedestrian Transportation Plan Objectives

49

Table 7-2: Bicycle Facilities

49

Figures
Figure 2-1: City of Palo Alto Comprehensive Plan – Bikeways in Palo Alto
Figure 2-2: Safe Routes to School Statistics

9
10

Figure 2-3: Walk and Roll Map Example – Hoover Elementary School
Figure 3-1: Study Area Map
Figure 3-2: Overall Land Use Map

11
13
14

Figure 3-3: Palo Alto Avenue At-Grade Crossing
Figure 3-4: Palo Alto Avenue Grade Crossing Land Use

15
16

Figure 3-5: Churchill Avenue At-Grade Crossing
Figure 3-6: Churchill Avenue Grade Crossing Land Use Map

16
17

Figure 3-7: Meadow Drive At-Grade Crossing

18

Figure 3-8: Meadow Drive Crossing Land Use Map
Figure 3-9: Charleston Road At-Grade Crossing

19
19

Figure 3-10: Charleston Road Crossing Land Use Map
Figure 3-11: Everett Avenue Planned Grade Separation

20
21

Figure 3-12: University Avenue Grade Separation
Figure 3-13: University Avenue Underpass, Looking West

22
22

372569 | 1 | 1 | November 2, 2017
C:\Users\cla34137\Desktop\Palo Alto\PaloAltoRPM_Task4_ExistingConditionsReport_v4.docx

Mott MacDonald | Existing Conditions Report
Draft
City of Palo Alto Rail Program Management

Figure 3-14: University Avenue Underpass, Looking East

22

Figure 3-15: Homer Avenue Tunnel, Looking East
Figure 3-16: Homer Avenue and Alma Street Bike and Pedestrian Undercrossing

23
23

Figure 3-17: Homer Avenue Undercrossing Design

23

Figure 3-18: Embarcadero Grade Separation

24

Figure 3-19: Seale Ave Proposed Bike/Ped Crossing

24

Figure 3-20: California Ave Bike/Ped Crossing
Figure 3-21: Oregon Expressway Grade Separation

25
25

Figure 3-22: Oregon Expressway Underpass, Looking West

26

Figure 3-23: Oregon Expressway Underpass, Looking East

26

Figure 3-24: Loma Verde Avenue

27

Figure 3-25: San Antonio Road Grade Separation

27

Figure 4-1: Caltrain System Map
Figure 4-2: Change in Caltrain Average Weekday Ridership 1997-2016
Figure 4-3: Palo Alto Caltrain Station

28
29
30

Figure 4-4: California Ave Caltrain Station
Figure 4-5: Stanford Caltrain Station

31
31

Figure 5-1: Vehicle Total Counts (Eastbound & Westbound)
Figure 5-2: FHWA Vehicle Classifications

39
40

Figure 6-1: Exiting Transit Services Map
Figure 6-2: VTA Bus Route Map - Palo Alto

44
45

Figure 6-3: AC Transit Line U

46

Figure 7-1: Existing Bicycle Network within Study Area
Figure 0-1: PTC Implementation for Caltrain

48
51

372569 | 1 | 1 | November 2, 2017
C:\Users\cla34137\Desktop\Palo Alto\PaloAltoRPM_Task4_ExistingConditionsReport_v4.docx

Mott MacDonald | Existing Conditions Report
Draft
City of Palo Alto Rail Program Management

Abbreviations/Acronyms
ADA .................American Disabilities Act
ADT..................Average Daily Traffic
BAAQMD .........Bay Area Air Quality Management District
BPTP ...............Bicycle and Pedestrian Transportation Plan
BTG .................Bicycle Technical Guidelines
CAP .................Climate Action Plan
CBOSS ............Communications Based Overlay Signal System
CHSRA ............California High-Speed Rail Authority
CMP .................Congestion Management Program
CPP .................Climate Protection Plan
CTC .................California Transportation Commission
EMU .................Electrical Multiple Unit
FTA ..................Federal Transit Administration
GHG.................Greenhouse Gas
HCM.................Highway Capacity Manual
HSR .................High-Speed Rail
LOS..................Level of Service
MTC .................Metropolitan Transportation Commission
PCEP ...............Peninsula Corridor Electrification Project
PTC..................Positive Train Control
SCCBP.............Santa Clara Countywide Bicycle Plan
VTA ..................Santa Clara Valley Transportation Authority
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1 Introduction
The City of Palo Alto (referred to as the “City”) is preparing for increases in passenger rail service along
the existing Caltrain rail corridor and potential impacts to existing at-grade crossings associated with
service increases. Passenger rail service changes will be a result of the Peninsula Corridor Electrification
Project (PCEP) and potentially the California High-Speed Rail (HSR) project.
The City of Palo Alto is bisected by the Caltrain rail corridor and enjoys both the benefits as well as the
impacts associated with rail service: train noise and vibration, traffic congestion around grade crossings,
and community safety concerns. These impacts are expected to grow as train service in the corridor
increases regardless of whether or not the state’s HSR project comes to fruition. As a result, the City is
conducting a study to assess grade separation alternatives and minimize the impact of increased rail
services on local traffic, the basis of which is referred to as the “Rail Program” throughout this document.
In 2010, the City Council initiated the Palo Alto Rail Corridor Study to evaluate land use, transportation,
and urban design elements of the rail corridor, particularly in response to potential improvements to
passenger rail service on the Caltrain corridor. The study report, as a result of a two-year process,
includes an analysis of those elements and their potential impacts from the range of possible rail
improvements, including Caltrain upgrades, such as electrification and/or grade separations, and/or the
potential options for the HSR project1. In early 2014, the City conducted a study for conceptual grade
separation alternatives for a portion of the Caltrain right-of-way encompassing three existing at-grade
crossings: Charleston Road, Meadow Drive, and Churchill Avenue2. This study provided preliminary
information on the potential impacts and costs of construction (by order of magnitude) for various
roadway depression and trenching of the railroad alternatives. A railroad trench alternative would place
the railroad tracks and rail operations below street-level, thus separating train traffic from motor vehicles,
pedestrian, and bicyclist activity at the street-level. The study was not definitive in determining an ultimate
configuration, but provided a starting point for dialogue on the issue, and indicated that roadway
depression alternatives would require significant property acquisitions, while trenching alternatives would
not. The study also concluded that while not all of the roadway depressions could maintain turning
movements along Alma Street, the trenching alternatives could do so.

1.1

Purpose

The purpose of this Existing Conditions report is to examine the current conditions relevant to the Palo
Alto Rail Corridor Circulation Study. This report includes sections on the policy framework for the Palo
Alto Rail Program, overview of the study area, bike and pedestrian access, transportation networks, traffic
conditions, and existing transit services in the City.

1

Palo Alto Rail Corridor Study, 2013 https://www.cityofpaloalto.org/civicax/filebank/documents/38025

2

Palo Alto Grade Separation and Trenching Study, 2014 https://www.cityofpaloalto.org/civicax/filebank/documents/44211
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2 Policy Framework
The City of Palo Alto is the lead agency for the Rail Program, and as such this section
summarizes City policies that govern the Rail Corridor Circulation Study. The purpose of this
review is to ensure that the Circulation Study is consistent with existing and planned future
transportation and development policies and strategies.

2.1

Palo Alto Policies

The Circulation Study process builds upon the City’s previous planning efforts to accommodate
future transit growth along the existing Caltrain corridor, brought about by the California HighSpeed Rail (HSR) project, the Peninsula Corridor Electrification Project (PCEP), and the
growing population of the San Francisco Bay Area. Existing plans, policies, and guidelines set
the foundation for the corridor planning process and the development of an implementable
document. Key City documents include the Palo Alto Bicycle and Pedestrian Transportation
Plan, the Palo Alto Climate Protection Plan, the City of Palo Alto Municipal Code, the Rail
Corridor Study, and the Transportation Element of the City of Palo Alto Comprehensive Plan.
The Rail Corridor Study was developed by the Rail Corridor Task Force to generate a
community vision for land use, transportation, and urban design opportunities along the Caltrain
corridor. This policy document was incorporated into the Comprehensive Plan in 2013 and
provides land use and transportation policies under a variety of scenarios. It is the intention of
this study to build on the outcomes of the Rail Corridor Study.
2.1.1

Palo Alto Comprehensive Plan – Transportation Element

The City of Palo Alto Comprehensive Plan was last revised in 2007 and is currently in the
process of being updated. It is the primary document guiding the City’s planning decisions. The
Transportation Element of the existing Palo Alto Comprehensive Plan includes 10 goals to guide
the development of the City’s transportation programs and facilities (see Table 2-1). A total of 57
policies and 58 programs are identified in the current Comprehensive Plan’s transportation
chapter to further focus and carry out these goals.
Table 2-1: Summary of Transportation Goals from Comprehensive Plan
Goal Number

Transportation Goals

Goal T-1

Less reliance on Single-Occupant Vehicles

Goal T-2

A convenient, efficient public transit system that provides a viable alternative to driving

Goal T-3

Facilities, services, and programs that encourage and promote walking and bicycling

Goal T-4

An efficient roadway network for all users

Goal T-5

A transportation system with minimal impact on residential neighbourhoods

Goal T-6

A high level of safety for motorists, pedestrians, and bicyclists on Palo Alto Streets

Goal T-7

Mobility for people with special needs

Goal T-8

Attractive, convenient public and private parking facilities

Goal T-9

An influential role in shaping and implementing regional transportation decisions

Goal T-10

A local airport with minimal off-site impacts

Source: City of Palo Alto Comprehensive Plan 2007

The updated plan, Our Palo Alto 2030 Comprehensive Plan, will carry over and update the
current plan’s transportation goals and include an emphasis on reducing congestion. Related to
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this study, the new Comprehensive Plan will include a policy supporting Caltrain modernization
and a policy identifying grade separations as a city priority.
Figure 2-1: City of Palo Alto Comprehensive Plan – Bikeways in Palo Alto

Source: City of Palo Alto, Comprehensive Plan Transportation Element Draft 2017

2.1.2

Palo Alto Bicycle and Pedestrian Transportation Plan

The Palo Alto 2012 Bicycle and Pedestrian Transportation Plan (BPTP 2012) was adopted in
July 2012 and builds upon the 2003 Bicycle Transportation Plan by adding coverage of
pedestrian issues, priorities, and design standards. The BPTP 2012 contains the policy vision,
design guidance, and specific recommendations to increase walking and biking rates over the
next decade and beyond – rates that will be instrumental in helping to address the impacts of
regional growth while maintaining mobility. Objective One in the BPTP 2012 aims to “double the
rate of bicycling for both local and total work commutes by 2020 (to 15 percent and 5 percent,
respectively.)” This objective supports Goals T-1 and T-3 of the City’s Comprehensive Plan.
Objective Four, which aims to “plan, construct, and maintain ‘Complete Streets’ that are safe
and accessible to all modes and people of all ages and abilities,” supports and expands Goal T3 of the City’s current Comprehensive Plan.
2.1.3

Palo Alto Climate Protection Plan

The City of Palo Alto adopted a Climate Protection Plan (CPP) in December 2007. The City then
updated the mid-term and long-term Greenhouse Gas (GHG) emissions reduction goals for both
municipal and community-wide GHG emissions in 2010. Overall GHG emissions in 2013 within
the City were estimated to have decreased 29 percent from 2005 levels, which exceeds the
City’s goal of 15 percent reduction below 2005 levels by 2020. The CPP contains a range of
goals and actions that target GHG emissions reductions from the transportation sector,
including measures to promote alternative fuels, facilitate increased biking and walking,
increase mass transit availability, and encourage electronic alternatives to travel. In 2015, the
City began the preparation of a Sustainability and Climate Action Plan (S/CAP) and adopted a
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new GHG reduction goal of 80 percent below 1990 levels by 2030, otherwise referred to as the
“80x30” goal.
2.1.4

Palo Alto Municipal Code

The purpose of the City’s Municipal Code is to protect and promote the public’s health and
safety through ordinances and regulations. Title 10 regulates vehicle and traffic operations
within the City, including traffic-control devices, pedestrian safety, bicycling safety and routes,
and general vehicle and traffic safety. For example, chapter 10.32 establishes pedestrian safety
regulations, such as the establishment and appropriate usage of crosswalks. Chapter 10.36
addresses general parking regulations, such as where parking is permitted.
2.1.5

Safe Routes to School

The Safe Routes to Schools (SRTS) Program is a
collaborative effort between the City of Palo Alto and the
Palo Alto Unified School District (PAUSD). Its goal is to
improve safety for school commuters and to reduce school
commute-related congestion on city streets. Approximately
14 percent of Palo Alto’s students walk to school daily,
while 4,000 students from the PAUSD bike to school, as
shown in Figure 2-2.

Figure 2-2: Safe Routes to
School Statistics

The program is consistent with key transportation goals
outlined in the City’s Comprehensive Plan, including giving
priority to facilities, services, and programs that encourage
and promote walking and bicycling, and providing a high
level of safety for motorists, pedestrians, and bicyclists.
Specific policies and programs include3:
● Policy T-14: Improve pedestrian and bicycle access to
and between local destinations, including public
facilities, schools, parks, open space, employment
districts, shopping centers, and multi-modal transit
stations.
● Policy T-39: To the extent allowed by law, continue to
make safety the first priority of citywide transportation
planning.
Source: City of Palo Alto, Safe Routes to
● Policy T-40: Continue to prioritize the safety and
School
comfort of children on school travel routes. This
includes program T-45, which calls for providing adult
crossing guards at school crossings that meet adopted criteria, and T-46, which encourages
the City-sponsored bicycle education programs in the public schools.

The SRTS Program produced 18 Walk and Roll maps that outline suggested bicycle and
pedestrian paths around a one-mile radius of a school within PAUSD. Among the 18 Walk and
Roll Maps, four maps designate suggested routes that cross two of the four identified at-grade
crossings within the Study Area. These four Walk and Roll Maps are:
● Briones Elementary School
● Gunn High School

3

https://paloaltocityca.iqm2.com/Citizens/FileOpen.aspx?Type=30&ID=9461&MeetingID=2088
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● Hoover Elementary School
● Terman Middle School
All four maps for the above schools suggest routes that cross both Meadow Drive and
Charleston Road railroad crossings, and crossing guards are assigned to these locations to help
ensure the safety of students and guardians on their routes to school. An example of one of the
Walk and Roll maps is shown in Figure 2-3.
Figure 2-3: Walk and Roll Map Example – Hoover Elementary School

Source: City of Palo Alto, Safe Routes to School

The SRTS Program includes an ongoing, year-round program with both engineering and
programmatic elements. A timeline of recently completed and upcoming infrastructure projects,
as they relate to the four aforementioned schools, is presented in Table 2-2.
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Table 2-2: SRTS Infrastructure Project Timeline
School Routes to be
Completion Date or
Project
Improved
Future Construction Start
Georgia Ave High Visibility
Terman MS, Gunn HS
Completed Summer 2016
Crosswalk
Los Robles Bikeway
Briones ES, Terman MS,
Completed Summer 2016
Enhancements
Gunn HS
Donald/Arastradero Intersection
Terman MS
Summer 2017
Spot Improvements
Bryant Street Bicycle Boulevard
Gunn HS
Summer 2017
Upgrade
Louis Road-Montrose Ave Bicycle
Gunn HS
Summer 2017
Boulevard
Ross Road Bicycle Boulevard
Gunn HS
Summer 2017
Charleston/Arastradero Corridor
Briones ES, Hoover ES,
Winter 2017/2018
Plan
Terman MS, Gunn HS
Bryant Street Bicycle Boulevard
Hoover ES, Gunn HS
Summer 2018
Extension
Briones ES, Terman MS,
Maybell Avenue Bicycle Boulevard
Summer 2018
Gunn HS
Park Blvd/Wilkie Way Bicycle
Briones ES, Terman MS,
Summer 2018
Boulevard
Gunn HS
East Meadow Drive and Fabian
January 2020 (Pending
Hoover ES, Gunn HS
Enhanced Bikeways
VERBS Funding)
Source: Planning and Community Environment Department, April 2017

2.2

Stakeholder Agencies

Stakeholder agencies with potential impact on the City’s Rail Program include:
○
○
○
○
○
○
○
○
○
○
○
○
○
○

Association of Bay Area Governments (ABAG)
Bay Area Air Quality Management District (BAAQMD)
California Department of Transportation (Caltrans)
California High Speed Rail Authority (CHSRA)
California Transportation Commission (CTC)
California Public Utilities Commission (CPUC)
Federal Highway Administration (FHWA)
Federal Railroad Administration (FRA)
Metropolitan Transportation Commission (MTC)
Peninsula Corridor Joint Powers Board (PCJPB), aka Caltrain (and Samtrans)
Santa Clara Valley Transportation Authority (VTA)
Santa Clara County
Union Pacific Railroad
Other:
▪ Americans with Disabilities Act (ADA)
▪ California legislation, such as SB 743 (CEQA LOS Alternative) and AB 1358
(Complete Streets)

A summary review of applicable Federal, State, and Regional agency policies and stakeholders
is included in Appendix A — Federal, State and Regional Policy and Framework Review.
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3 Study Area
The study area is defined as the half-mile area centered around the rail corridor in the City,
including the four existing at-grade crossings. The rail corridor in the City spans approximately
four miles in length, and includes three train stations: Palo Alto Station, Stanford Station, and
California Ave Station. The major arterial that runs parallel to the rail line is Alma Street. There
are five existing grade separations in the City, including University Ave, Homer Ave (bike/
pedestrian undercrossing), Embarcadero Road, Oregon Expressway, and California Ave (bike/
pedestrian undercrossing), and a portion of the San Antonio Road separation touches the City
boundary as well. The study area map is shown in Figure 3-1.
Figure 3-1: Study Area Map

3.1

Land Use

The existing land uses within the study area are shown in Figure 3-2. The updated
Comprehensive Plan will focus on ensuring that public services can adequately serve new
housing development and that sufficient land for neighborhood-serving retail uses is preserved.
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Figure 3-2: Overall Land Use Map

3.2

Demographics

The City of Palo Alto is located in the northwest portion of Santa Clara County in the San
Francisco Bay Area. The community is largely residential with sizeable employment in the
management, business, science, and arts industries. Approximately 65 percent of residents
commute to work by driving alone and almost six percent of residents take transit. In
comparison, 76 percent of Santa Clara County residents commute by driving alone and less
than four percent of residents take transit, as detailed in Table 3-1. The City is one of the most
bike-friendly cities in the nation, and this is reflected in the rate of residents who use bicycles as
their primary commute mode. Over nine percent of Palo Alto residents commute locally by
bicycle currently, and the BPTP 2012 seeks to increase this rate to 15 percent by 2020 under
the plan’s Objective One.
Table 3-1: Commute Modes
Commute Mode

City of Palo Alto

Santa Clara County

Drive Alone

64.6%

76.0%

Carpool

6.6%

10.4%

Transit

5.8%

3.9%

Walk

5.2%

2.0%

Bicycle

9.2%

1.9%

Taxi, Motorcycle, Other

0.9%

1.3%

7.8%

4.6%

Work at Home

Source: US Census ACS 5-Year, 2015
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3.3

At-Grade Crossings

The following section presents each of the four at-grade crossings, with a discussion of physical
attributes and surrounding land uses. An at-grade crossing is an intersection of a roadway or
path and a railroad at the same level, as opposed to the railroad crossing over or under via a
bridge or tunnel. Information included in the following sections was sourced from the February
2016 Caltrain Grade Crossing Hazards Analysis.
3.3.1

Palo Alto Avenue

The Palo Alto Avenue at-grade crossing is the northernmost crossing within the City. Palo Alto
Avenue is a minor two-lane collector street that connects El Camino Real (State Route 82) with
Alma Street. The Palo Alto Avenue approach is stop-sign controlled at Alma Street, just east of
the railroad. Palo Alto Avenue extends northwest of Alma Street as an at-grade crossing over
the railroad tracks, and extends west to connect to form a signalized intersection at El Camino
Real/Sand Hills Road
Figure 3-3: Palo Alto Avenue At-Grade Crossing
approximately 300 feet west of
the railroad crossing. The Palo
El Palo Alto
Alto segment through the
railroad crossing has a general
two-lane cross-section, with
Class II bike lanes and a
sidewalk/pedestrian path on the
north side of the road. Class II
bike lanes are on-street marked
bike lanes for the exclusive use
of bicycles. Currently, Palo Alto
Avenue carried an average
weekday traffic volume of
approximately 16,200 vehicles
Source: Google Earth 2016
and 550 bicycles per day across
the at-grade crossing. Weekday pedestrian and bicycle volumes for this crossing are
summarized in Table 3-2.
Table 3-2: Pedestrian and Bicycle Volumes at Palo Alto Avenue Crossing
Direction
Pedestrians
Bicycles
Total
Peak Hour / Time
Total
Peak Hour / Time
Weekday
Weekday
Eastbound
152
12
08:00 –
276
40
17:00 – 18:00
09:00
Westbound
147
15
08:00 –
274
49
08:30 – 09:30
09:00
Source: Caltrain Grade Hazard Analysis Final Report, Feb 2016

Land Use
The Palo Alto Avenue at-grade crossing is in proximity to a few major landmark destinations
within the City, including El Palo Alto, the historic tree and City’s namesake shown in Figure 3-3.
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To the southwest of the crossing is the mixed-use complex of Stanford Shopping Center, in
addition to the El Camino Park. The Palo Alto Transit Center is approximately 2,000 feet away
to the south of the crossing, and northeast of the transit center is the major commercial corridor
of Downtown Palo Alto along University Avenue.
Figure 3-4: Palo Alto Avenue Grade Crossing Land Use

3.3.2

Churchill Avenue

Churchill Avenue is an east-west
Figure 3-5: Churchill Avenue At-Grade Crossing
local collector street that provides
a connection between El Camino
Real (State Route 82) and
Embarcadero Road, through Old
Palo Alto. The roadway has a
general two-lane cross-section,
with Class II bike lanes and
sidewalks. Within the vicinity of
the Churchill Avenue crossing,
Churchill Avenue forms a
signalized intersection with Alma
Street, and unsignalized
intersections (i.e. side-street stopSource: Google Earth 2016
controlled) at Mariposa Avenue.
The Churchill Avenue/Alma Street intersection is an existing at-grade signalized intersection
located within close proximity (less than 50 feet) from the railroad crossing, and as such
represents the key intersection that influences at-grade railroad crossing operations. In 2015,
the City of Palo Alto, Caltrain, Caltrans Rail Division, and the California Public Utilities
Commission (CPUC) met to review the Churchill Avenue crossing to determine possible funding
of safety improvements through the Federal Section 130 funds. Currently, Churchill Avenue
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carried an average weekday traffic of approximately 9,200 vehicles and 1,020 bicycles per day
across the at-grade crossing4. Weekday pedestrian and bicycle volumes for this crossing are
summarized in Table 3-3.
Table 3-3: Pedestrian and Bicycle Volumes at Churchill Avenue Crossing
Direction
Pedestrians
Bicycles
Total
Peak Hour / Time
Total
Peak Hour / Time
Weekday
Weekday
Eastbound
139
36
13:45 – 14:45
541
202
13:45 – 14:45
Westbound
131
36
07:45 – 08:45
481
265
07:30 – 08:30
Source: Caltrain Grade Hazard Analysis Final Report, Feb 2016

Land Use
As shown in Figure 3-6, land use around the Churchill Avenue crossing is mostly residential,
except for the southwest corner which borders a stadium and school facilities owned by the Palo
Alto Unified School District. Nearby land uses are primarily comprised of low-density residential
communities and schools such as Palo Alto High School and the Castilleja School. The Stanford
Caltrain Station, is a special station only utilized during Stanford University special events and
football games. Access to these platforms is provided through the Embarcadero Road grade
separation structure.
Figure 3-6: Churchill Avenue Grade Crossing Land Use Map

4

Grade Crossing Hazard Analysis Final Report, Caltrain, 2016
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3.3.3

Meadow Drive

The Meadow Drive at-grade
Figure 3-7: Meadow Drive At-Grade Crossing
crossing is located approximately
1,200 feet north of the Charleston
Road arterial at-grade crossing.
Meadow Drive is an east-west
local street/collector that provides
local connection between El
Camino Way and Louis Road,
through the south-central part of
the City. The roadway has a
general two-lane cross-section,
with Class II bike lanes and
sidewalks. Within the
Source: Google Earth 2016
vicinity/influence of the Meadow
railroad crossing, Meadow Drive
forms a signalized intersection with Alma Street, and unsignalized intersections (i.e. side-street
stop-controlled) at Park Boulevard, Wilkie Way, and Ramona Street. The Meadow Drive/Alma
Street intersection is an existing at-grade signalized intersection located within close proximity
(less than 50 feet) from the railroad crossing, and as such represents the key intersection that
influences at-grade railroad crossing operations. Currently, Meadow Drive carried an average
weekday traffic of approximately 8,900 vehicles and 900 bicycles per day across the at-grade
crossing of the railroad. Weekday pedestrian and bicycle volumes for this crossing are
summarized in Table 3-4.
Table 3-4: Pedestrian and Bicycle Volumes at Meadow Drive Crossing
Direction
Pedestrians
Bicycles
Total
Peak Hour / Time
Total
Peak Hour / Time
Weekday
Weekday
Eastbound
93
15
07:45 – 08:45
413
38
17:15 – 18:15
Westbound
88
14
07:45 – 08:45
483
274
07:45 – 08:45
Source: Caltrain Grade Hazard Analysis Final Report, Feb 2016

Land Use
The designated land uses around Meadow Drive Crossing are primarily residential with nearby
schools and neighborhood-retail shops and public recreational facilities such as Mitchell Park
Library and the Magical Bridge Playground within Mitchell Park near JLS Middle School (see
Figure 3-8).
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Figure 3-8: Meadow Drive Crossing Land Use Map

3.3.4

Charleston Road

Charleston Road is an eastFigure 3-9: Charleston Road At-Grade Crossing
west residential arterial
facility through the City, that
provides cross-town
circulation between the El
Camino Real (State Route
82) corridor to the west and
the US 101/Rengstorff
Avenue interchange to the
east. The roadway has a
general four-lane crosssection with left-turn
channelization at key
intersections. Through the
crossing of the railroad,
Charleston Road has a
Source: Google Earth 2016
four-lane undivided section
with Class II bike lanes and sidewalks on both sides. The crossing is provided with
crossing/gate appurtenances and marked for 25 mph speed limit.
Within the vicinity/influence of the railroad crossing, Charleston Road forms a signalized
intersection with Alma Street, and unsignalized intersections (i.e. side-street stop-controlled) at
Park Boulevard, Wilkie Way and Wright Place. The Charleston Road/Alma Street intersection is
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an existing at-grade signalized intersection located within close proximity (less than 50 feet)
from the railroad crossing, and as such represents the key intersection that influences at-grade
railroad crossing operations. In 2013, Charleston Road carried an average weekday traffic of
approximately 17,900 vehicles and 240 bicycles per day across the at-grade crossing of the
railroad5. Weekday pedestrian and bicycle volumes for this crossing are summarized in Table
3-5.
Table 3-5: Pedestrian and Bicycle Volumes at Charleston Road Crossing
Direction
Pedestrians
Bicycles
Total
Peak Hour / Time
Total
Peak Hour / Time
Weekday
Weekday
Eastbound
61
8
12:00 – 13:00
105
25
08:15 – 09:15
Westbound
79
11
12:00 – 13:00
139
48
07:45 – 08:45
Source: Caltrain Grade Hazard Analysis Final Report, Feb 2016

Land Use
The land uses surrounding the Charleston Road crossing are illustrated in Figure 3-10. The
immediate surrounding area around Charleston Road crossing is predominantly residential,
similar to the area surrounding the Meadow Drive railroad crossing. It should be noted that
approximately half a mile north from the crossing is the Magical Bridge Playground, Mitchell
Park, and the Mitchell Park Library, which could attract traffic from beyond the immediate
surrounding.
Figure 3-10: Charleston Road Crossing Land Use Map

5Grade

Crossing Hazard Analysis Final Report, Caltrain, 2016
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3.4

Grade-Separated Crossings

There are eight existing or planned grade-separated crossings along the rail corridor within the
Study Area. This section describes the existing and future grade-separated crossings and
serves to provide context on rail improvements in the corridor to illustrate what has been
accomplished to date and what could be done in the future to improve safety and operability.
○ Everett Avenue – Planned bicycle/pedestrian undercrossing
○ University Avenue – Existing grade separation
○ Homer Avenue – Existing bicycle/pedestrian undercrossing
○ Embarcadero Road – Existing grade separation
○ Seale Avenue – Planned bicycle/pedestrian crossing
○ California Avenue – Existing bicycle/pedestrian undercrossing
○ Oregon Expressway – Existing grade separation
○ Loma Verde Avenue – Planned bicycle/pedestrian crossing
○ San Antonio Road – Existing grade separation

3.4.1

Everett Avenue

The planned grade separation of
Figure 3-11: Everett Avenue Planned Grade
Separation
Everett Avenue would connect Quarry
Road (at the north end of the Stanford
University campus) with the Bryant
Street bicycle boulevard and the Palo
Alto Caltrain Station. Everett Avenue is
one of 15 priority crossings identified by
the Palo Alto Rail Task Force. The Palo
Alto 2012 BPTP identified opportunities
to improve linkages to services and
enhance the bicycle and pedestrian
connections. The resulting
improvements that were proposed
include installing additional traffic circles
and wayfinding improvements along
Everett Avenue to designate it as a
Source: Google Earth 2016
“complete” bicycle boulevard. Bicycle
boulevards are signed, shared roadways with low vehicle volume which prioritize convenient
and safe bicycle travel through the use of traffic calming strategies.
Currently, the lack of a grade-separated crossing somewhat isolates the El Camino Park, shown
in Figure 3-11 from the Downtown North neighborhoods in Palo Alto. The nearest railroad
crossings are the Palo Alto Avenue grade crossing to the north and the University Avenue
grade-separated crossing to the south. By implementing a grade-separated crossing at Everett
Avenue, there could be opportunities to provide connections between the Park, the surrounding
communities, Stanford University, the Stanford University Medical Center, and the Stanford
Shopping Center.
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Pedestrian and bicycle access will most likely be accomplished through a grade-separated
underpass where vehicles would be prohibited. Coordination between the City, Caltrain,
Peninsula Corridor Joint Powers Board, and other agencies would be required to implement this
project.
3.4.2

University Avenue

The existing University Avenue
Figure 3-12: University Avenue Grade Separation
grade-separated crossing allows for
vehicular, pedestrian, and bicycle
connections between the commercial
corridor along University Avenue to
the Stanford University campus
southwest of the rail line. Sidewalks
under the tunnel are grade separated
from the street to offer more
protection to pedestrians and bicycles
are permitted in the underpass
alongside vehicles. The underpass
was constructed in 1936 in response
to public safety concerns. The
intersection itself, shown in Figure
3-12, is complex due to the
Source: Google Earth 2016
convergence of the multi-modal Palo
Alto station, El Camino Real, and the gateway to both the university and Downtown Palo Alto.
This station is a critical connection for transit vehicles and is served by VTA, SamTrans, and
Stanford University Marguerite shuttles.
The grade separation caters primarily to vehicular traffic, with four lanes and no Class II bicycle
lanes, however there is adequate pedestrian access through the underpass and cyclists are
permitted on University Avenue (Figure 3-13 and Figure 3-14). Currently, traffic volumes along
University Avenue remain relatively manageable at 19,000 ADT. Opportunities exist to improve
the underpass as “gateway” by enhancing wayfinding and placemaking strategies, as well as
creating safer bicyclist and pedestrian passage through the underpass.

Figure 3-13: University Avenue Underpass,
Looking West

Source: Google Earth 2016

Figure 3-14: University Avenue
Underpass, Looking East

Source: Google Earth 2016
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3.4.3

Homer Avenue

Completed in 2005 for $4.1
Figure 3-15: Homer Avenue Tunnel, Looking East
million, the Homer Avenue
underpass (Figure 3-15 and
Figure 3-16) connects Homer
Avenue residential communities
to the Embarcadero bike path that
runs parallel to the Caltrain
tracks. The pedestrian and
bicycle underpass is a highquality and fully accessible
Source: Google Earth 2016
crossing. The Palo Alto Medical
Foundation is also located west of
the crossing, and thus the tunnel
was designed with ramp users in
mind (shown in Figure 3-17).
Source: Google Earth 2016
There are minor opportunities for
improvement, including increasing visibility from the tunnel and enhancing the safety of Alma
Street crossings.
Figure 3-16: Homer Avenue and Alma Street Bike and Pedestrian Undercrossing

Source: Google Earth 2016

Figure 3-17: Homer Avenue Undercrossing Design

Source: Steven Grover & Associates
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3.4.4

24

Embarcadero Road

The Embarcadero Road gradeFigure 3-18: Embarcadero Grade Separation
separated crossing (shown in
Figure 3-18) allows for vehicular,
pedestrian, and bicycle access. Its
proximity to the Palo Alto High
School, the Palo Alto School
District, Stanford University, and
neighborhood retail center, Town &
Country Village, make it a popular
route for pedestrian and bicycle
traffic during peak hours. Currently,
average daily traffic volumes can
reach up to 25,000 vehicles per
day. While commuters see the
benefits of this safe railroad
underpass, some pedestrian and
Source: Google Earth 2016
vehicle conflicts in the Alma Street
interchange remain. At this point, Alma Street transitions from a high-speed arterial to a
neighborhood street.
3.4.5

Seale Avenue

Figure 3-19: Seale Ave Proposed Bike/Ped Crossing

The Seale Avenue grade-separated
crossing was proposed by the
BPTP 2012 to connect Peers Park
with the northeastern
neighborhoods and create a link
between the east-west bikeways
along Park Boulevard and Stanford
Avenue across Caltrain. If
established, the connection could
trigger the implementation of Seale
Avenue as a bicycle boulevard and
further enhance safe access to the
schools and parks along these
routes.
Source: Google Earth 2016
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3.4.6

25

California Avenue

The California Avenue gradeseparated pedestrian/bicycle
underpass allows for access under
the railroad just northwest of the
California Avenue Caltrain Station
(Figure 3-20). The existing tunnel is
not ADA accessible and the tunnel
itself is dark and narrow. Widening
the tunnel and improving the tunnel
lighting may increase visibility and
meet ADA standards while
potentially mitigating the risk of
bicycle-pedestrian conflicts.

Figure 3-20: California Ave Bike/Ped Crossing

Source: Google Earth 2016

3.4.7

Oregon Expressway

The existing Oregon
Expressway grade separation,
shown in Figure 3-21, allows for
vehicular and bicycle crossings
under both the railroad and Alma
Street. The Oregon Expressway
is a high-volume arterial currently
carrying an average daily traffic
volume of 31,000 vehicles per
day, and the Alma Street
interchange poses some minor
pedestrian and vehicular
conflicts. In addition, this
particular underpass has been
prone to flooding during rainy
seasons due to issues with the
drainage system.

Figure 3-21: Oregon Expressway Grade Separation

Source: Google Earth 2016
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Bicycles are permitted to travel
through Oregon Expressway, but
the fast-moving traffic along
Oregon Expressway and the lack
of Class II bicycle lanes within the
4-lane underpass may encourage
bicyclists to seek an alternate
route.

26

Figure 3-22: Oregon Expressway Underpass, Looking
West

Source: Google Earth 2016

Figure 3-23: Oregon Expressway Underpass, Looking
East

Source: Google Earth 2016
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3.4.8

27

Loma Verde Avenue

The planned pedestrian and
bicycle underpass at Loma
Verde Avenue is in its early
conceptual phase. It is
predominantly surrounded by
residential uses. The
intersection at Alma Street is
unsignalized and crosswalks
are not marked. The nearest
railroad crossing is Meadow
Drive to the south and Oregon
Expressway to the north.

Figure 3-24: Loma Verde Avenue

Source: Google Earth 2016

3.4.9

San Antonio Road

The San Antonio Road grade separation allows for vehicular travel over the railroad tracks.
Most of the separation falls within the City of Mountain View; however, a portion of the San
Antonio Road overpass falls within the City of Palo Alto, as shown in Figure 3-25. The San
Antonio Caltrain Station lies less than 500 feet southeast of the crossing and is surrounded by a
mix of commercial offices, educational facilities, and medium-density residential communities.
Pedestrians and bicyclists are prohibited on the San Antonio Road overpass; however, they
may access the opposite side of
Figure 3-25: San Antonio Road Grade Separation
the railroad tracks via the San
Antonio Caltrain Station. The
current high volume of average
daily traffic, approximately
36,000 vehicles per day, may be
intimidating to pedestrians and
bicyclists on the surrounding
streets. Opportunities exist to
improve connectivity at this
grade separation by adding a
new bicycle crossing, although
special attention should be paid
to conflicts between vehicles,
pedestrians, and bicycles in the
area.
Source: Google Earth 2016
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4 Caltrain
4.1

Caltrain Operations

Figure 4-1: Caltrain System Map

Since 1992, the Peninsula Corridor Joint Powers
Board (PCJPB) has provided commuter rail,
Caltrain service along the San Francisco
Peninsula, from San Francisco 4th and King to
San Jose Diridon and Gilroy stations, as
illustrated in Figure 4-1.
In 2016, Caltrain service carried 62,416 riders on
an average weekday, which represented a 7.2
percent increase from 2015 ridership, an 83
percent increase since 2010, and a 161 percent
increase compared to ridership in 2004. Most
riders continue to travel during peak commute
hours, with 9.6 percent increase from 29,143
riders in 2015 to 31,948 in 2016. Caltrain also
saw a 3.8 percent growth in reverse peak riders,
from 18,842 in 2015 to 19,564 in 2016. Since
2010, Caltrain has experienced significant
ridership growth, as seen in Figure 4-2.
Caltrain currently operates 92 weekday trains, 36
Saturday trains, and 32 Sunday trains. Palo Alto
has two Caltrain stations that operate seven
days per week: the Palo Alto station is located at
95 University Avenue, and the California Avenue
station is located at 101 California Avenue.
Additionally, there is a station at 100
Embarcadero Road for Stanford University
football games only.
There are a total of 42 rail and highway at-grade
crossings between Mission Bay Drive (San
Francisco) on the north and Virginia Ave (San
Jose) on the south. Caltrain operations are
summarized below.

Source: Caltrain Website 2017
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Table 4-1: Caltrain Operations
Trains Per Weekday

92 trains per weekday (46 trains in each direction)

Express Trains

22 express trains (11 trains in each direction)

Max Speed

79 mph

Termini

San Francisco and San Jose

Special Event Trains

Sporting events: Giants, Sharks, Stanford Football, etc.

Freight

Union Pacific Railroad: up to 6 trains per day during non-peak
hours and evenings

Other Tenant Railroads

Altamont Commuter Express, Capital Corridor, and Amtrak West
operate between Santa Clara and Tamien Stations

Source: Caltrain Website 2017

Figure 4-2: Change in Caltrain Average Weekday Ridership 1997-2016

Source: Caltrain Annual Ridership 1997-2016

4.1.1

Caltrain Stations

Within the City of Palo Alto, there are two Caltrain stations and one special event station. The
Palo Alto Caltrain Station has the second highest average weekday ridership (AWR) within the
Caltrain system, as shown Table 4-2. Between 2015 and 2016, ridership at the Palo Alto
Caltrain Station increased by over three percent over the same period.
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Table 4-2: Average Weekday Ridership for Major Caltrain Stations
Station

2015 AWR

% of Total
AWR

2016 AWR

% of Total
AWR

% Increase

San
Francisco*

13,571

23.3%

14,769

23.7%

8.8%

Palo Alto*

7,197

12.4%

7,424

11.9%

3.2%

San Jose
Diridon*

4,160

7.1%

4,712

7.5%

13.3%

Mountain
View*

4,570

7.8%

4,659

7.5%

1.9%

Redwood
City*

3,233

5.6%

3,814

6.1%

18.0%

Millbrae*

3,536

6.1%

3,606

5.8%

2.0%

Sunnyvale+

2,881

4.9%

3,190

5.1%

10.7%

Hillsdale+

2,706

4.6%

2,958

4.7%

9.3%

San Mateo+

2,061

3.5%

2,179

3.5%

5.7%

Menlo Park+

1,762

3.0%

1,796

2.9%

1.9%

Total

45,677

78.4%

49,107

78.7%

7.5%

Source: Caltrain Ridership Counts 2015-2016
*Baby Bullet station served by all express train service
+Served by some express trains

The Palo Alto Caltrain Station is served by 43 trains each weekday, with 11 of these being
“baby bullet” trains with limited stop service through the corridor. The Caltrain schedule for trains
stopping at the Palo Alto and California Ave Stations during in the northbound and southbound
directions is included in Appendix B – Caltrain Weekday Train Schedule.

Palo Alto Caltrain Station
The Palo Alto Caltrain Station
Figure 4-3: Palo Alto Caltrain Station
provides 178 bike racks and indoor
bicycle parking for up to 96 bikes at the
Bikestation, which offers 24-hour key
access, bike repairs, accessory sales,
and a changing room. Paid parking is
available for up to 389 vehicles.
Service headways vary during the
peak period with trains coming every
10-30 minutes, and Baby Bullet trains
every 20-30 minutes; off-peak service
is hourly. Transit connections from this
station can be made to SamTrans
(Lines ECR, 280, 281, 297, and 397),
shuttles (Deer Creek, Stanford
Source: Jeremiah Cox, 2014
Marguerite, and Crosstown/
Embarcadero), and VTA (Routes 22, 35, 522, DB Express). The Palo Alto Station has the
second highest Caltrain ridership, following San Francisco, accounting for 11.9 percent in 2016.
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California Avenue Caltrain Station
The California Ave Caltrain
Figure 4-4: California Ave Caltrain Station
Station provides 33 bike racks,
paid parking for up to 185 vehicles,
and 42 bike lockers, although
some lockers were removed
recently as part of the California
Avenue Streetscape Improvements
Project. There was an average of
1,628 weekday passenger
boardings at California Avenue
Caltrain Station in February 2016,
which represents an increase of
4.8 percent over the previous year
in the same period.6 Passengers
can connect to VTA bus route 89
at the station or walk ½-mile to El
Source: Jeremiah Cox, 2014
Camino Real to connect with VTA
routes 22, 522, and the Dumbarton (DB) Express.

Stanford Caltrain Station
The Stanford Caltrain Station is
located at Embarcadero Road and
Alma Street, in between Palo Alto
Station and California Ave Station,
and is utilized only during Stanford
football game days. There are two
side platforms with pedestrian
ramps leading below to
Embarcadero Road. The Stanford
Stadium is located within a ½-mile
walk from the station platform.

Figure 4-5: Stanford Caltrain Station

Source: Jeremiah Cox, 2014

4.2

Grade Crossing Inventory Checklist from Caltrain Hazard Analysis

Caltrain produces inventory summaries of all rail crossings along their corridor. Table 4-3 and
Table 4-4 present summary sheets for the grade crossings within the Study Area.

6

Caltrain 2016 Annual Passenger Counts
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Table 4-3: At-Grade Crossing Intersection Inventory
Street Name
Milepost
Emergency Notification Sign Installed
Railroad Operating Company
Total Trains Per Day
Passenger Trains Per Day

Palo Alto
Ave

Churchill Ave

Meadow Dr

Charleston
Road

29.76

31.01

33.00

33.33

Yes

Yes

Yes

Yes

XTAS

XTAS

XTAS

XTAS

91

96

94

93

92

92

92

92

43 (25-75)

39 (30-78)

39 (20-74)

40 (22-76)

Total Switching Trains

2

0

0

0

Total Daylight Trains (6AM-6PM)

65

65

65

65

Passenger Max Speed

79

79

79

79

Freight Max Speed

50

50

50

50

40-79 mph

40-79 mph

40-79 mph

40-79 mph

2

2

2

2

Constant
Warning Time

Constant
Warning Time

Constant
Warning Time

Constant
Warning Time

Urban Other
Principal

Urban
Collector

Urban
Collector

Urban Minor
Arterial

Gate Down (secs)

Typical Train Speed Range Over Crossing
Number of Tracks
Train Detection
Roadway Classification
Number of Traffic Lanes

2

2

2

2

Posted Speed Limit

25 mph

25 mph

25 mph

25 mph

2017 ADT (veh/day)

16,200

9,200

8,900

17,900

Transit Crossing Per Day

33

7

11

45

School Bus Crossing Per Day

0

64

48

20

2017 Heavy Trucks Percentage
Other RR Operators Over Track at Crossing

<1%

<1%

<1%

<1%

Union Pacific

Union Pacific

Union Pacific

Union Pacific

Source: 2017 ADT data from February 2017, as provided by City of Palo Alto; All other data from the Grade Crossing
Hazard Analysis Final Report, Caltrain, 2016

Table 4-4: At-Grade Crossing Intersection Inventory
Street Name

Palo Alto Ave

Churchill Ave

#

Existing

#

Vehicle Gates

2

✓

2

✓

2

Pedestrian Guardrails

2

✓

4

✓

Sidewalk

-

✓

-

RR Advance Warning
Signs (W10-1)

4

✓

24” Stopline Pavement
Markings

2

R&R Pavement
Markings
12” Pedestrian
Delineation Line
Advanced Signal
Preemption

Existing

✓

2

✓

4

✓

4

✓

✓

-

✓

-

✓

3

✓

3

✓

3

✓

✓

2

✓

2

✓

2

✓

2

✓

6

✓

2

✓

9

✓

-

✓

-

✓

-

✓

-

✓

Advanced
Preemption

#

Existing

Charleston Road
#

None

Existing

Meadow Dr

Advanced
Preemption

Source: Grade Crossing Hazard Analysis Final Report, Caltrain, 2016
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4.3

Caltrain Capital Projects

The information on the following Caltrain capital projects was primarily sourced from the
February 2016 Caltrain Grade Crossing Hazards Analysis.
4.3.1

Signal Preemption Improvement Project

The Signal Preemption Improvement Project will upgrade the interface between the Caltrain
grade crossing warning system and the traffic signal control system at five grade crossings in
three cities and the County of Santa Clara. New traffic signal equipment and roadway
improvements will be constructed at Brewster Avenue in Redwood City, and Rengstorff Avenue
and Castro Street in Mountain View. Electrical upgrades and improvements to the pedestrian
crossing system will be constructed at Churchill Avenue and East Meadow Drive in Palo Alto. At
all locations, the preemption interface between the grade crossing warning system and traffic
signal control system will be upgraded to a new 10-wire preemption circuit to provide improved
preemption safety at the grade crossings. The upgraded systems will provide increased
capability to clear vehicle traffic and exchange information between systems, in addition to
improving ADA access for pedestrians and normal traffic operation of the intersections.
4.3.2

CBOSS Positive Train Control System

Caltrain has developed specifications for an enhanced Positive Train Control (PTC) system,
referred to as Communications Based Overlay Signal System (CBOSS), which incorporate the
essential functions of positive train separation, over-speed enforcement, and roadway worker
protection, plus other capabilities specifically designed to improve grade crossing performance.
CBOSS is a vital overlay of the existing wayside signal system, providing a transition from
Caltrain’s Centralized Traffic Control (CTC) block signal system. In addition, CBOSS will allow
Caltrain to reduce the peak minimum operating headway to five minutes, greatly increasing
system capacity. CBOSS is specified to be compliant with the requirements of the Rail Safety
Improvement Act of 2008 and all relevant regulations provided by 49 CFR 236. Furthermore,
Caltrain is participating in discussions with the interchanging railroads to achieve a PTC system
solution that is interoperable with freight operator systems.
Caltrain has been working to implement PTC on its corridor for several years to achieve the
resulting safety and performance benefits. CBOSS will prevent over-speed-related derailments
and collisions between trains under normal “signaled moves”. When PTC enforcement cannot
be sustained, CBOSS provides contingency operating modes that allow operations to be
conducted with reduced risk by enabling the train engineer to revert to CTC operations through
the temporary use of the wayside signals. CBOSS also provides a “Restricted Manual”
operating mode to enhance safety when the wayside signal system is unable to display
permissive signals. While in Restricted Manual mode, CBOSS enforces the Restricted Speed to
ensure that collisions at elevated speed do not occur.
The CBOSS system will provide a crossing inhibit function, whereby a train which is making a
station stop will not activate the grade crossing warning system, including advance preemption,
as the train is approaching the station with an enforced stop short of the crossing. The CBOSS
system will then provide an operator initiated start to the crossing and traffic signal preemption
circuits prior to departing the station.
4.3.3

Peninsula Corridor Electrification Project (PCEP)

The Peninsula Corridor Electrification Project (PCEP) would electrify the Caltrain Corridor from
San Francisco’s 4th and King Station to the Tamien Station in San Jose, convert diesel-hauled
to Electric Multiple Unit (EMU) trains, and increase service to up to six Caltrain trains per peak
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hour per direction by 2021. Initially, service between San Francisco and San Jose would
include a mixed fleet of EMU’s and diesel locomotives. Eventually diesel locomotives would be
replaced with EMUs over time as they reach the end of their service life. Caltrain’s dieselpowered locomotive service would continue to be used to provide service between the San Jose
Diridon and Gilroy stations. The PCEP will allow Caltrain to operate quieter, cleaner, more
frequent train service to more riders. Increased capacity and improved service will help Caltrain
meet increasing ridership demand. Estimated ridership increases for 2020 and 2040 are shown
in Table 4-5.
Table 4-5: Estimated Ridership with Proposed Caltrain Electrification Project
Estimated Ridership with the Proposed Project
Existing/No Project
With Project
Source:

4.3.4

2013

2020

2040

47,000

57,000

84,000

N/A

69,000

111,000

Caltrain Ridership Technical Memorandum, 2014

PCEP Relation to the High-Speed Rail Project

The electrification system envisioned for the corridor would be configured in such a way that it
would support the future operation of California HSR. Twenty-five-kV, 60-Hz single-phase AC
electrification would be the power supply system of choice for a steel-wheel-on-steel-rail highspeed train operation. The Caltrain corridor is currently only rated for a maximum of 79 mph
and, thus, there would be a need for track and other system upgrades to support higher speeds
than at present. The Proposed PCEP includes electrification infrastructure that would first be
used by Caltrain and could later be used for high-speed trains. However, the proposed project
does not include other improvements necessary for high-speed trains such as platform
improvements, high-speed rail maintenance facilities, passing tracks or other Core Capacity
projects. The proposed project does not include improvements to support speeds greater than
79 mph or high-speed rail operations on the Caltrain corridor at speeds up to 110 mph. Highspeed rail construction and operations would be the subject of a later, separate environmental
analysis to be conducted by CHSRA and the Federal Railroad Administration (FRA).
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5 Traffic Operational Analysis
This section describes the existing intersection and roadway traffic operating conditions at the
at-grade roadway crossings of the railroad, within the limits of the City of Palo Alto.

5.1

Vehicular Level of Service Methodology and Standards

Level of service (LOS) is a qualitative description of vehicular traffic operating conditions
ranging from LOS A, or free-flow conditions with little or no delay, to LOS F, or jammed
conditions with excessive delays. The Santa Clara Valley Transportation Authority (VTA)
Congestion Management Program (CMP) guidelines dictate the use of the 2000 Highway
Capacity Manual (HCM) methodology to analyze intersections. The City of Palo Alto uses the
same methodology to evaluate its intersections. The 2000 HCM operations method evaluates
signalized intersection operations based on average control delay time for all vehicles at the
intersection.
Consistent with operations analysis software used in prior planning studies prepared for the
railroad corridor (such as the Peninsula Corridor Electrification Plan Environmental Impact
Report, Transportation Chapter, 2015) this study utilized Synchro/SimTraffic 8 software based
implementation of the more current 2010 HCM methods for purposes of quantifying traffic
operating conditions at the study intersections. Note that the Synchro/SimTraffic software is a
widely-recognized software (including by agencies such as Caltrans) that is relatively more
reliable for purposes of assessing operational characteristics of closely spaced intersections,
including signalized intersections located in close proximity to at-grade railroad crossings.
The City of Palo Alto LOS standard for signalized non-CMP intersections is LOS D or better. For
CMP intersections, the City’s LOS standard is LOS E or better, meaning that only LOS F is
considered unacceptable. The exception is the intersection of Foothill Expressway and Page
Mill Road, which has a grade of LOS F and is considered acceptable by VTA. This is because it
has operated at LOS F in the 1991 baseline conditions and thus the City of Palo Alto has not
adopted the CMP standards for that particular intersection.
The LOS definitions for signalized intersections are shown in Table 5-1. Motor vehicle level of
service D and E are typical at intersections in many urban areas where a high volume of
vehicles pass through an intersection that is physically constrained by existing adjacent
structures.
Table 5-1: LOS Definition for Intersection Control Delay (sec/veh)
LOS

Description

Signal
Control

2-Way Stop
or All-Way
Stop Control

A

Signal progression is extremely favorable. Most vehicles arrive
during the green phase and do not stop at all. Short cycle
length may also contribute to the very low vehicle delay.

10.0 or less

0 – 10

B

Operations characterized by good signal progression and/or
short cycle lengths. More vehicles stop than LOS A, causing
higher levels of average vehicle delay.

10.1 to 20.0

> 10 – 15

C

Higher delays may result from fair signal progression and/or
longer cycle lengths. Individual cycle failures may begin to
appear at this level. The number of vehicles stopping is
significant, though may still pass through the intersection
without stopping.

20.1 to 35.0

> 15 – 25
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LOS

Description

Signal
Control

2-Way Stop
or All-Way
Stop Control

D

The influence of congestion become more noticeable. Longer
delays may result from the same combination of unfavorable
signal progression, long cycle lengths, or high V/C ratios. Many
vehicle stops and individual cycle failures are not noticeable.

35.1 to 55.0

> 25 – 35

E

This is considered the limit of acceptable delay. These high
delay values generally indicate poor signal progression, long
cycle lengths and high V/C ratios. Individual cycle failures occur
frequently.

55.1 to 80.0

> 35 – 50

F

This level of delay is considered unacceptable by most drivers.
This condition often occurs without oversaturation, that is, when
arrival flow rates exceed the capacity of the intersection. Poor
progression and long cycle lengths may also be major
contributing causes of such delay levels.

Greater than
80.0

> 50

Source: Transportation Research Board, 2000 and 2010

The LOS descriptions in Table 5-1 are framed entirely from the perspective of motor vehicle
drivers and their passengers. VTA’s Transportation Impact Analysis (TIA) Guidelines require the
consideration of other modes of travel when recommending changes to improve an
intersection’s motor vehicle level of service. Senate Bill 743 created a process to change the
way that transportation impacts are analyzed under CEQA and requires an alternative LOS for
evaluating transportation impacts. This is described in further detail in Appendix A — Federal,
State and Regional Policy and Framework Review.

5.2

Significant Impact Criteria

Significance criteria are used to establish what constitutes an impact at an intersection. The City
of Palo Alto uses the same impact criteria as the CMP. A project is deemed to create a
significant adverse impact on traffic conditions at a signalized intersection in the City of Palo
Alto if for either peak hour:
a. the level of service at the intersection degrades from an acceptable level of service (LOS
D or better for non-CMP intersections, and LOS E or better for CMP intersections) to an
unacceptable level of service; and
b. the intersection is already operating at an unacceptable level of service (LOS E or F for
non-CMP intersections and LOS F for CMP intersections), and the project causes both
the average control delay for the critical movements at the intersection to increase by four
or more seconds and the critical volume-to-capacity ratio (V/C) to increase by one
percent (0.01) or more.
For both CMP and non-CMP intersections, if an intersection is operating at an unacceptable
level of service and the change in critical delay is negative (i.e., decreases), a significant impact
is said to occur if the project causes the V/C ratio to increase by 0.01 or more. This can occur if
the critical movements at an intersection change.

5.3

Traffic Signal Warrant Analysis Criteria

A traffic signal warrant analysis was also completed per criteria contained in the California
Manual on Uniform Traffic Control Devices (CA-MUTCD, 2014 Edition, Chapter 4C). The peakhour volume Warrant 3 (urban areas) analysis was completed as a representative warrant
analysis to determine if “significance” should be associated with unsignalized operations. Other
signal warrant criteria, including Warrant 9: Intersection Near a Grade Crossing, will also be
evaluated for key study intersections where applicable. Note that the CA-MUTCD indicates that
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“the satisfaction of a traffic signal warrant or warrants shall not in itself require the installation of
a traffic control signal.”

5.4

Traffic Count Data

Intersection turning movement and vehicular traffic volume counts were collected by the City on
Thursday, February 16, 2017, under AM peak hour, mid-day peak hour, and PM peak hour
conditions, at key study intersections along each of the at-grade crossing corridors. For the
purposes of this study, AM peak hour is defined as one hour of peak traffic flow between 7:30
and 9:30 AM on a typical weekday, mid-day peak hour is defined as one hour of peak traffic flow
between 2:30 and 4:30 PM on a typical weekday, and PM peak hour is defined as one hour of
peak traffic flow between 4:30 and 6:30 PM on a typical weekday.
The intersection traffic counts were obtained at a total of thirteen (13) study intersections listed
as follows:
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.

Charleston Road / Alma Street
Charleston Road / Park Blvd.
Charleston Road / Wilkie Way
Charleston Road / Wright Place
Meadow Drive / Alma Street
Meadow Drive / Park Blvd.
Meadow Drive / Wilkie Way
Meadow Drive / Ramona St.
Churchill Avenue / Alma Street
Churchill Avenue / Mariposa Ave.
Churchill Avenue / Madrono Ave.
Palo Alto Avenue / Alma Street
Palo Alto Avenue / El Camino Real

contains the raw traffic count data. For a graphical illustration of the existing traffic volumes at
the study intersections, refer to Error! Reference source not found..
5.4.1

Intersection Traffic Operations

The Existing Conditions delay and LOS operations for study intersections are summarized in
Table 5-2. Note that this table summarizes traffic operating conditions under normal/typical
operating conditions within the typical weekday AM, midday and PM peak hour periods at the
study intersections when the railroad gates are “open”, meaning there is no railroad-related
interruption of vehicular traffic flow on the roadway crossings.
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Table 5-2: Existing Conditions: Intersections Level of Service – Typical Operations

Source: Mott MacDonald, 2017

Intersection Operations during Railroad-related Signal Pre-emption Cycles: Per the
Caltrain schedule, currently up to six (6) trains (three northbound trains and three southbound)
may traverse the railroad segment across the study at-grade crossings within the “one hour” of
AM and PM peak of vehicular traffic demand. Each train arrival will trigger a railroad gate
closing, which will impact at least one (1) full signal cycle and up to two (2) cycles at the
adjacent Alma Street corridor signalized intersection, therefore up to twelve (12) signal cycles
could be impacted in one hour. At a minimum of 100 seconds cycle length, there are
approximately 36 signal cycles in a single hour. With up to approximately 12 out of the 36 signal
cycles (33 percent of the cycles) impacted by railroad gate closures, the average peak “one
hour” intersection delays at the Alma Street signalized study intersections (as reported in Table
5-2) in fact could be significantly higher (by 33 percent or more) should railroad gate closures be
factored in the average peak hour delay estimates.
5.4.2

Roadway Traffic Counts and Traffic Operations

The City of Palo Alto provided roadway traffic counts collected from Thursday, February 23,
2017 through Sunday, February 26, 2017 for the following four at-grade roadway crossing
segments:
•
•
•
•

Charleston Road west of Alma Street
Churchill Avenue west of Alma Street
Meadow Drive west of Alma Street
Palo Alto Avenue west of Alma Street

The count data included continuous 24-hour bi-directional counts recorded at 15-minute
intervals. FHWA-definitions based axle-classified count data were also provided for Palo Alto
Avenue, Churchill Avenue, and Meadow Drive segments.
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The roadway crossing traffic count data (total of eastbound and westbound directions) is
graphically illustrated by time-of-day from Thursday, February 23, 2017 through Sunday,
February 26, 2017 and is shown in Figure 5-1.
Figure 5-1: Vehicle Total Counts (Eastbound & Westbound)

Source: City of Palo Alto, 2017
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The FHWA axle-classification definitions that were used in the traffic counts provided for this
study are illustrated in Figure 5-2.
Figure 5-2: FHWA Vehicle Classifications

Source: Federal Highway Administration, DATE

For the purposes of this report, vehicle classes 5 through 7 are considered light trucks and
vehicle classes 8 through 13 are considered heavy trucks in Table 5-3, Table 5-4, and Table
5-5, which depict average weekday and average weekend vehicle counts by type. Vehicle count
data by type was not available for the Charleston Road segment west of Alma Street (Table
5-5). Meadow Drive showed the highest rate of truck traffic out of the three available data sets
of vehicle type counts despite not having the highest vehicle volume out of the three
intersections. Heavy trucks are not permitted on Churchill Avenue, which shows the lowest rate
of truck volumes.
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Table 5-3: Palo Alto Avenue Railroad Crossing Traffic Volumes
Palo Alto Avenue
(west of Alma
Street)

FHWA
Axle-Class

Weekday ADT
EB

WB

Weekend ADT

Total

EB

WB

Total

Motorcycles

1

94

97

191

66

72

138

Passenger Cars

2

6,286

7,854

14,140

5,647

6,687

12334

Pick-up Trucks

3

736

964

1,700

507

532

1039

Buses

4

17

15

32

16

10

26

Light Trucks

5 thru 7

83

22

105

46

16

62

Heavy Trucks

8 thru 13

11

10

21

6

8

14

7,227

8,962

16,189

6,288

7,325

13,613

0.15%

0.11%

0.13%

0.10%

0.11%

0.10%

Total ADT
% Heavy Trucks
Notes:

ADT = Average Daily Traffic (estimated annual average) EB = Eastbound WB = Westbound
The weekday ADT reported herein are based on counts from Thursday, February 23, 2017
The weekend ADT reported herein are based on counts from Saturday, February 25, 2017
FHWA Axle-Class 3 includes Emergency Vans
Source: City of Palo Alto, 2017

Table 5-4: Churchill Avenue Railroad Crossing Traffic Volumes
Churchill Avenue
(west of Alma
Street)

FHWA
Axle-Class

Weekday ADT
EB

WB

Weekend ADT

Total

EB

WB

Total

Motorcycles

1

43

46

89

34

19

53

Passenger Cars

2

3,574

4,743

8,317

3,188

3,895

7,083

Pick-up Trucks

3

273

404

677

192

200

392

Buses

4

18

26

44

10

2

12

Light Trucks

5 thru 7

29

16

45

12

5

17

Heavy Trucks

8 thru 13

9

7

16

4

2

6

3,946

5,242

9,188

3,440

4,123

7,563

0.23%

0.13%

0.17%

0.12%

0.05%

0.08%

Total ADT
% Heavy Trucks
Notes:

ADT = Average Daily Traffic (estimated annual average) EB = Eastbound WB = Westbound
The weekday ADT reported herein are based on counts from Thursday, February 23, 2017
The weekend ADT reported herein are based on counts from Saturday, February 25, 2017
FHWA Axle-Class 3 includes Emergency Vans
Source: City of Palo Alto, 2017
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Table 5-5: Meadow Drive Railroad Crossing Traffic Volumes
Meadow Drive
(west of Alma
Street)

FHWA
Axle-Class

Weekday ADT
EB

WB

Weekend ADT

Total

EB

WB

Total

Motorcycles

1

103

169

272

67

104

171

Passenger Cars

2

3,522

4,076

7,598

3,052

3,365

6,417

Pick-up Trucks

3

475

464

939

401

299

700

Buses

4

13

12

25

6

10

16

Light Trucks

5 thru 7

17

28

45

6

10

16

Heavy Trucks

8 thru 13

7

15

22

4

7

11

4,137

4,764

8,901

3,536

3,795

7,331

0.17%

0.31%

0.25%

0.11%

0.18%

0.15%

Total ADT
% Heavy Trucks
Notes:

ADT = Average Daily Traffic (estimated annual average) EB = Eastbound WB = Westbound
The weekday ADT reported herein are based on counts from Thursday, February 23, 2017
The weekend ADT reported herein are based on counts from Saturday, February 25, 2017
FHWA Axle-Class 3 includes Emergency Vans
Source: City of Palo Alto, 2017

Table 5-6: Charleston Road Railroad Crossing Traffic Volumes
Charleston Road
(west of Alma
Street)
Total ADT

FHWA
Axle-Class

Weekday ADT

Weekend ADT

EB

WB

Total

EB

WB

Total

9,258

8,603

17,861

7,325

6,617

13,942

Notes:
ADT = Average Daily Traffic (estimated annual average) EB = Eastbound WB = Westbound
The weekday ADT reported herein are based on counts from Thursday, February 23, 2017
The weekend ADT reported herein are based on counts from Saturday, February 25, 2017
FHWA Axle-classification data was not available for this segment.
Source: City of Palo Alto, 2017

5.4.3

Roadway Intersection Collision Data

For study intersections along Alma Street, roadway collision data from the Statewide Integrated
Traffic Records System (SWITRS) database was compiled and provided by the City of Palo
Alto. The SWITRS is a statewide database maintained by the California Highway Patrol (CHP)
that collects and processes accident data for use by local and state agencies throughout the
state.7 Table 5-7 summarizes the most recent collision reports from 2011 to 2015. While Palo
Alto Avenue experiences relatively high traffic volume, it shows the least number of collisions
out of the four intersections.

7

California Highway Patrol, SWITRS
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Table 5-7: Study Area Intersection Roadway Collision Data 2011-2015
Alma St &
Palo Alto
Ave

Alma St &
Churchill
Ave

Alma St &
Meadow Dr

Alma St &
Charleston
Rd

Total
Collisions

6

30

25

27

Injury
Collisions

1

10

11

10

Fatal
Collisions

0

0

0

1

Source: SWITRS data provided by City of Palo Alto, 2017

372569 | 1 | 1 | November 2, 2017
C:\Users\cla34137\Desktop\Palo Alto\PaloAltoRPM_Task4_ExistingConditionsReport_v4.docx

Mott MacDonald | Existing Conditions Report
Draft
City of Palo Alto Rail Program Management

6 Other Transit Services
6.1

Overview

In addition to Caltrain, Santa Clara Valley Transportation Authority (VTA), San Mateo County
Transit District (SamTrans), and Alameda-Contra Costa Transit (AC Transit) all provide transit
service to and from Palo Alto, as illustrated in Figure 6-1. Additionally, the City of Palo Alto
operates a free, public shuttle service to points throughout the City, and Stanford University's
Marguerite Shuttle provides free public bus service to destinations on the Stanford campus and
at the Stanford Shopping Center. Details of the service provided by each transit operator are
described below. Furthermore, the Palo Alto Transit Center, located on University Avenue
between El Camino Real and Alma Street, is a regional transit hub, providing numerous
connections to neighboring communities and the wider Bay Area.
Figure 6-1: Exiting Transit Services Map

6.2

Santa Clara Valley Transportation Authority

The VTA provides bus service throughout the cities of Campbell, Cupertino, Fremont, Gilroy,
Los Altos, Los Altos Hills, Milpitas, Morgan Hill, Mountain View, Palo Alto, San Jose, San
Martin, Santa Clara, Saratoga, Sunnyvale, as well as Stanford. The VTA operates 14 bus
routes in Palo Alto as listed below, providing connections to VTA light rail, Caltrain, Altamont
Corridor Express (ACE), and AMTRAK Capitol Corridor. Times vary by weekday and weekend
on each route; however, each route generally operates from the early morning hours to evening
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hours, with some routes operating overnight. A sample of the routes serving the City is
illustrated in Figure 6-2.
Figure 6-2: VTA Bus Route Map - Palo Alto

Source: Santa Clara Valley Transportation Authority, 2017

●

Line 22 provides service between the Palo Alto Transit Center and the Eastridge Transit
Center via El Camino Real

●

Line 32 provides service between the San Antonio Shopping Center and the Santa Clara
Transit Center

●

Line 35 provides service between Downtown Mountain View and the Stanford Shopping
Center

●

Line 88/L/M provides varying service between the Palo Alto Veterans Hospital and
Middlefield & Colorado

●

Line 89 currently provides service between the California Avenue Caltrain Station and the
Palo Alto Veterans Hospital, but will be eliminated due to duplicated service

●

Line 101 provides express bus service between Camden & Highway 85 and Palo Alto

●

Line 102 provides express bus service between South San Jose and Palo Alto

●

Line 103 provides express bus service between the Eastridge Transit Center and Palo Alto

●

Line 104 provides express bus service between the Penitencia Creek Transit Center and
Palo Alto

●

Line 182 provides express bus service between Palo Alto and IBM & Bailey Avenue
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●

Line 522 provides limited stop bus service between the Palo Alto Transit Center and the
Eastridge Transit Center

●

Line 824 provides service between the Great America ACE Station and Meadow Drive &
Meadow Circle

6.3

SamTrans

SamTrans operates 73 bus routes throughout San Mateo, San Francisco, and Santa Clara
counties, including parts of Palo Alto. SamTrans regularly provides more than 1,000 trips per
day using a fleet of 296 fixed-route revenue vehicles, comprised of 55 articulated coaches, 237
standard coaches, and 4 mini coaches. Additionally, SamTrans operates a fleet of 83
paratransit vehicles, including buses, vans, and sedans. SamTrans Lines 280, 281, 297, 397
provide service to Palo Alto residents. A description of each route is provided below.
● Line 280 provides eastbound and westbound service between the Stanford Shopping
Center, Palo Alto Transit Center, Manhattan Avenue/O’Conner Street, Wisteria
Drive/Camellia Drive, and Purdue Avenue/Fordham Street.
● Line 281 provides eastbound and westbound service between Onetta Harris Community
Center, Newbridge Street/Willow Road, Bay Road/University Avenue, University
Avenue/Woodland Avenue, Palo Alto Transit Center, and Stanford Shopping Center.
● Line 297 provides northbound and southbound service between Redwood Transit Center,
Middlefield Road/5th Avenue, Bay Road/University Avenue, and the Palo Alto Transit Center.
● Line 397 provides northbound and southbound service to and from San Francisco, including
the San Francisco International Airport, as well as the Millbrae Transit Center, Burlingame,
Redwood City Transit Center, and the Palo Alto Transit Center.
● Line ECR provides northbound and southbound service between the Daly City BART train
station and the Palo Alto Transit Center along El Camino Real.

6.4

AC Transit
Figure 6-3: AC Transit Line U

The Alameda-Contra Costa Transit District (AC Transit)
provides weekday bus service on Line U between the
Fremont Bay Area Rapid Transit (BART) train station
and Stanford University. Six weekday trips are offered
and Table 6-1 shows the times for only the major stops
along the route.

Table 6-1: AC Transit - Line U Schedule

Source: AC Transit, 2017

Stanford
Oval

Stanford
Shopping Center

Embarcadero Road
& Wildwood Lane

Ardenwood
Park & Ride

Fremont/
Centerville Amtrak

Fremont
BART

245p

253p

304p

329p

342p

352p

345p

353p

404p

429p

442p

452p

415p

423p

434p

459p

512p

522p

445p

453p

504p

529p

542p

552p

515p

523p

534p

559p

612p

622p

555p

603p

614p

639p

652p

702p

Source: AC Transit, 2017
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6.5

Shuttles

The City of Palo Alto, along with transit service providers such as VTA and Caltrain, and major
community stakeholders such as Stanford University and others, offer a range of shuttle
services within the City. All shuttles are wheelchair accessible, equipped with bicycle racks on
the exterior of the vehicle, and can accommodate up to two conventional bicycles.

The Embarcadero Shuttle
Operated by the Caltrain Commuter Shuttle Program, the Embarcadero Shuttle provides peak
hour service between the University Avenue Caltrain Station and the Baylands Business Parks
east of Highway 101/Embarcadero. Local schools and community facilities are also served
along the route including Palo Alto High School and Castilleja School. The Embarcadero Shuttle
runs approximately every 20 minutes, Monday through Friday from the Palo Alto Caltrain Station
to the Embarcadero/Baylands during peak commute hours and is coordinated with the Caltrain
schedule.

The Crosstown Shuttle
Operated by MV Transportation, Inc. and managed by the City of Palo Alto, the Crosstown
Shuttle connects the University Avenue/Downtown to South Palo Alto at Charleston Road. The
Crosstown Shuttle traverses several residential neighborhoods, schools, senior residences,
libraries, recreation centers, and commercial districts helping to link public service areas within
the community. A Special School run operates during the morning and afternoons to help
encourage alternative transportation options for students.

Marguerite Shuttle
Operated by Stanford University, the Marguerite Shuttle service is free and open to the public.
The main shuttle lines traverse the campus Monday through Friday all year (except university
holidays). Evening and weekend services are available from mid-September to mid-June with
Lines N, O, OCA, and Shopping Express. The Marguerite service to the Caltrain stations are
made possible, in part, by grants from the BAAQMD Transportation Fund for Clean Air and the
PCJPB. Local businesses and organizations also contribute financially to the service.
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7 Bicycle and Pedestrian Network
7.1

Overview

In the 2000s, the City of Palo Alto released the 2003 Bicycle Transportation Plan, improvements
through the Safe Routes to School program, and land use planning reforms, which all
encouraged the creation of a bicycle and pedestrian friendly built environment. The existing
Bicycle and Pedestrian network in the City is largely based on of the recommendations of the
2012 City of Palo Alto Bicycle + Pedestrian Transportation Plan.
The existing bicycle network in the Study Area is shown in Figure 7-1. All four at-grade
crossings are currently connected to roadways with bike lanes.
Figure 7-1: Existing Bicycle Network within Study Area

7.2

2012 City of Palo Alto Bicycle + Pedestrian Transportation Plan

The 2012 City of Palo Alto Bicycle and Pedestrian Transportation Plan (BPTP) updates the
initiatives outlined in the 2003 Bicycle Transportation Plan and provides strategic guidance to
the public and private non-motorized transportation investment in facilities and related
programs. The Palo Alto BPTP not only reaffirms city-wide goals of increasing pedestrian and
bicycle usage over the next decade (see Table 7-1), it also takes into account relevant City
plans, surrounding community plans, and state and regional bicycle and pedestrian plans to
create a larger picture.
The Palo Alto BPTP includes five key objectives which are extensions of the transportation
element of the City of Palo Alto Comprehensive Plan, to provide a focus on non-motorized
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transportation modes. Each objective includes its rationale, consistency with the
Comprehensive Plan, key strategies of implementation and benchmarks to measure progress.
Table 7-1: City of Palo Alto Bicycle + Pedestrian Transportation Plan Objectives
Objectives
1. Double the rate of bicycling for both local and total work commutes by 2020 (to 15% and 5%, respectively).
2. Convert discretionary vehicle trips into walking and bicycling trips in order to reduce City transportation-related
greenhouse gas (GHG) emissions 15% by 2020.
3. Develop a core network of shared paths, bikeways, and traffic-calmed streets that connects business and
residential districts, schools, parks, and open spaces to promote healthy, active living.
4. Plan, construct, and maintain ‘Complete Streets’ that are safe and accessible to all modes and people of all ages
and abilities.
5. Promote efficient, sustainable, and creative use of limited public resources through integrated design and
planning.
Source: 2012 City of Palo Alto Bicycle + Pedestrian Transportation Plan

7.3

Safe Routes to Schools

The Safe Routes to Schools program is a collaborative effort between the City of Palo Alto and
the Palo Alto Unified School District (PAUSD), with the goal to improve safety for school
commuters and to reduce school commute-related congestion on city streets. Approximately 14
percent of Palo Alto’s students walk to school daily, while 4,000 students from the PAUSD bike
to school. The Safe Routes to Schools program produced a series of Walk and Roll maps that
outline suggested bicycle and pedestrian paths around a one-mile radius around a school within
PAUSD, as described in Section 2.1.5.

7.4

Bicycle Facilities

The Palo Alto Caltrain Station has had a Bikestation since 2007 which utilizes a former baggage
building at the historical train depot. Bikestations offer 24-hour indoor, secure bike parking
facilities. Some locations include restrooms, showers, and/or changing rooms and repair and
rental services. The Palo Alto Bikestation provides bicycle parking for 96 bikes, recreational
rentals, bike repairs, accessory sales, a changing room, and an outdoor seating area with
concessions.
The Palo Alto Caltrain Station also has bikeshare, provided by Bay Area BikeShare. This is a
shared use service for passengers who wish to travel short distances with a bike. Bicycles can
be rented from this station and returned to another BikeShare dock within the area. This
program will soon transition into Ford GoBike, which is set to launch June 2017. The San
Antonio Caltrain Station is also a bikeshare station.
In addition, the three Caltrain stations in Palo Alto provide ample bicycle racks and locker
spaces (detailed in Table 7-2: Bicycle Facilities) which can be rented and reserved in advance.
The locker spaces at Palo Alto and California Ave Caltrain Stations are typically fully reserved.
Table 7-2: Bicycle Facilities
Palo Alto

California Ave

San Antonio

178 Bicycle Rack Spaces

33 Bicycle Rack Spaces

18 Bicycle Rack Spaces

94 Locker Spaces

42 Locker Spaces

38 Locker Spaces
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Appendix A — Federal, State and Regional
Policy and Framework Review
Federal
Americans with Disabilities Act
The Americans with Disabilities Act (ADA) of 1990 provides comprehensive rights and
protections to individuals with disabilities. The goal of the ADA is to assure equality of
opportunity, full participation, independent living, and economic self-sufficiency for people with
disabilities. To implement this goal, the US Access Board, an independent federal agency
created in 1973 to ensure accessibility for people with disabilities, has created accessibility
guidelines for public rights-of-way. While these guidelines have not been formally adopted, they
have been widely followed by jurisdictions and agencies nationwide in the last decade. The
guidelines, last revised in July 2011, address various issues, including roadway design
practices, slope and terrain issues, and pedestrian access to streets, sidewalks, curb ramps,
street furnishings, pedestrian signals, parking, and other components of public rights-of-way.
These guidelines would apply to proposed roadways in Palo Alto.
Federal Highway Administration
The Federal Highway Administration (FHWA) is the agency of the United States (US)
Department of Transportation (DOT) responsible for the federally funded roadway system,
including the interstate highway network and portions of the primary State highway network,
such as Interstate 280 (I-280) and U.S Highway 101 (US 101).
Federal Railroad Administration
The Federal Railroad Administration (FRA) was created by the Department of Transportation
Act of 1966. The FRA’s mission is to enable the safe, reliable, and efficient movement of people
and goods for a strong America, now and in the future. In 2008, Congress required Class I
railroad main lines handling hazardous materials and railroad main lines with regularly
scheduled intercity and commuter rail passenger service to fully implement Positive Train
Control (PTC) by December 31, 2015. PTC uses communication-based/processor-based train
control technology that provides a system capable of reliably and functionally preventing trainto-train collisions, overspeed derailments, incursions into established work zone limits, and the
movement of a train through a main line switch in the wrong position. The deadline was
extended to December 31, 2018, with the possibility for two additional years if certain
requirements are met. The Peninsula Corridor Joint Powers Board (Caltrain) is slated to
reaching full PTC implementation by the end of 2017.8 The PTC implementation status as of
December 2016 for PCJPB is shown in Figure 0-1.

8

FRA.dot.gov; https://www.fra.dot.gov/Media/File/1109
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Figure 0-1: PTC Implementation for Caltrain

Source: FRA, 2016

Union Pacific Railroad
The Union Pacific Railroad (UPRR) is a national freight hauling railroad and operates on the
largest railroad network in the county and one of the largest transportation companies in the
world. The UPRR does operate freight rail service through the Caltrain corridor, which is owned
by the PCJPB, and there are UPRR properties along the right-of-way within the City of Palo
Alto9.

State
California Complete Streets Act of 2008 (AB 1358)
Originally passed in 2008, California’s Complete Streets Act came into force in 2011 and
requires local jurisdictions to plan for land use transportation policies that reflect a “complete
streets” approach to mobility as a result of Assembly Bill 1358. The Complete Streets approach
is essentially a suite of policies and street design guidelines which provide for the needs of all
road users, including pedestrians, bicyclists, transit operators and riders, children, the elderly,
and the disabled. From 2011 onward, any local jurisdiction—county or city—that undertakes a
substantive update of the circulation element of its general plan must consider complete streets
and incorporate corresponding policies and programs.
California Department of Transportation
The California Department of Transportation, or Caltrans, is the primary State agency
responsible for transportation issues. One of its duties is the construction and maintenance of
the state highway system. Caltrans approves the planning, design, and construction of
improvements for all State-controlled facilities including I-280, US 101, and the associated
interchanges for these facilities located in Palo Alto. Caltrans’ jurisdiction includes State Route
82 (SR 82), El Camino Real, in Palo Alto. Caltrans has established standards for roadway traffic
flow and developed procedures to determine if state-controlled facilities require improvements.
For projects that may physically affect facilities under its administration, Caltrans requires
encroachment permits before any construction work may be undertaken. For projects that would
not physically affect facilities, but may influence traffic flow and levels of services at such
facilities, Caltrans may recommend measures to mitigate the traffic impacts of such projects.
The following Caltrans procedures and directives are relevant to the proposed Comprehensive
Plan update, particularly State roadway facilities:

9

Calhsr.com, Caltrain ROW Maps; http://calhsr.com/resources/caltrain-row-maps/
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•

LEVEL OF SERVICE TARGET. Caltrans maintains a minimum level of service (LOS) at
the transition between LOS C and LOS D for all of its facilities. Where an existing facility
is operating at less than the LOS C/D threshold, the existing measure of effectiveness
should be maintained.

•

CALTRANS PROJECT DEVELOPMENT PROCEDURES MANUAL. This manual outlines
pertinent statutory requirements, planning policies, and implementing procedures
regarding transportation facilities. It is continually and incrementally updated to reflect
changes in policy and procedures. For example, the most recent revision incorporates
the Complete Streets policy from Deputy Directive 64-R1, which is detailed below.

•

CALTRANS DEPUTY DIRECTIVE 64. This directive requires Caltrans to consider the
needs of non-motorized travelers, including pedestrians, bicyclists, and persons with
disabilities, in all programming, planning, maintenance, construction. This includes
incorporation of the best available standards in all of Caltrans’ practices.

•

CALTRANS DEPUTY DIRECTIVE 64-RI. This directive requires Caltrans to provide for
the needs of travelers of all ages and abilities in all planning, programming, design,
construction, operations, and maintenance activities and products on the State highway
system. Caltrans supports bicycle, pedestrian, and transit travel with a focus on
“complete streets” that begins early in system planning and continues through project
construction and maintenance and operations.

•

CALTRANS DIRECTOR’S POLICY 22. This policy establishes support for balancing
transportation needs with community goals.

Caltrans seeks to involve and integrate community goals in the planning, design, construction,
and maintenance and operations processes, including accommodating the needs of bicyclists
and pedestrians.
California Public Utilities Commission
The California Public Utilities Commission (CPUC) serves the public interest by protecting
consumers and ensuring the provision of safe, reliable utility service and infrastructure. The
CPUC regulates utility services, stimulates innovation, and promotes competitive markets,
where possible, in the communications, energy, transportation, and water industries. In addition,
the CPUC administers funding programs for railroad crossings: Section 130, Section 190, and
Maintenance Fund.
The Section 130 Grade Crossing Hazard Elimination Program provides federal funds to local
agencies (cities and counties) and railroads to eliminate hazards at existing at-grade public
highway-rail crossings.
The Section 190 Grade Separation Program provides state funds to local agencies to gradeseparate at-grade crossings, or to improve grade-separated crossings. The program typically
provides approximately $15 million distributed among three or four projects each fiscal year.10
Eligible projects include the alteration or reconstruction of existing separations and the
construction of new grade separations to eliminate existing grade crossings.

10

CPUC, Railroad Crossing Funding Programs; http://www.cpuc.ca.gov/WorkArea/DownloadAsset.aspx?id=2722
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The Railroad Crossing Automatic Warning Device Maintenance Fund provides funds to
railroads to pay for the local government’s share of the costs of maintaining automatic warning
devices at railroad crossings.
California Transportation Commission
The California Transportation Commission (CTC) administers the public decision-making
process that sets priorities and funds projects envisioned in long-range transportation plans.
The CTC’s programming includes the State Transportation Improvement Program (STIP), a
multi-year capital improvement program of transportation projects on and off the State highway
system, funded with revenues from the state highway account and other funding sources. The
California Department of Transportation (Caltrans) manages the operation of state highways.
Senate Bill 743 (Steinberg, 2013)
Senate Bill 743 (SB 743) requires the California Governor’s Office of Planning and Research
(OPR) to amend the CEQA Guidelines to provide an alternative to LOS as the metric for
evaluating transportation impacts under CEQA. Particularly within areas served by transit, the
alternative criteria must promote the reduction of greenhouse gas (GHG) emissions,
development of multimodal transportation networks, and diversity of land uses. Measurements
of transportation impacts may include VMT, VMT per capita, automobile trip generation rates, or
automobile trips generated. Once alternative criteria are incorporated into the CEQA Guidelines,
auto delay will no longer be considered a significant impact under CEQA. SB 743 also amended
State congestion management law to allow cities and counties to opt out of LOS standards in
certain infill areas.

Regional and Local
Association of Bay Area Governments
The Association of Bay Area Governments (ABAG) is comprised of the Bay Area’s local
governments as a result of state legislation that would have supplanted local control over all
bridges, ports, and transit operations in the Bay Area. ABAG provides planning and research
resources related to land use, housing, environmental and water resource protection, disaster
resilience, energy efficiency and hazardous waste mitigation, risk management, financial
services and staff training to local cities, and towns. ABAG's planning and research programs
are committed to addressing sustainability, resilience and equity in the region.
Metropolitan Transportation Commission
The Metropolitan Transportation Commission (MTC) is the transportation planning, coordinating,
and financing agency for the nine-county Bay Area, including Santa Clara County. It also
functions as the federally mandated metropolitan planning organization (MPO) for the region. It
is responsible for regularly updating the Regional Transportation Plan (RTP), a comprehensive
blueprint for the development of mass transit, highway, airport, seaport, railroad, bicycle, and
pedestrian facilities. With the passage of Assembly Bill (AB) 32, the Global Warming Solutions
Act of 2006, the State of California committed itself to reducing statewide GHG emissions to
1990 levels by 2020. Subsequent to adoption of AB 32, the State adopted Senate Bill 375 (SB
375) as the means for achieving regional transportation-related GHG targets. Among the
requirements of SB 375 is the adoption of targets to be met by 2020 and 2035 for each MPO in
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the State, as well as the creation of a Sustainable Communities Strategy (SCS) that provides a
plan for meeting regional targets. The SCS and the RTP must be consistent with one other,
including action items and financing decisions. MPOs must use transportation and air emissions
modeling techniques consistent with guidelines prepared by the State CTC.
The current RTP, Plan Bay Area: Strategy for a Sustainable Region, was adopted on July 18,
2013 and includes both the region’s Sustainable Communities Strategy and the 2040 Regional
Transportation Plan. Plan Bay Area was prepared by MTC in partnership with the Association of
Bay Area Governments (ABAG) and cities and counties throughout the region. Plan Bay Area is
an integrated long-range transportation and land-use/housing plan intended to support a
growing economy, provide more housing and transportation choices, and reduce transportationrelated pollution in the Bay Area. It also specifies a detailed set of investments and strategies to
maintain, manage, and improve the region’s transportation system, specifying how anticipated
federal, State, and local transportation funds will be spent.
The MTC has established its policy on Complete Streets in the Bay Area. The policy states that
projects funded all, or in part, with regional funds (e.g., federal, State Transportation
Improvement Program, bridge tolls) must consider the accommodation of bicycle and pedestrian
facilities, as described in Caltrans Deputy Directive 64. These recommendations do not replace
locally adopted policies regarding transportation planning, design, and construction. Instead,
these recommendations facilitate the accommodation of pedestrians, including wheelchair
users, and bicyclists into all projects where bicycle and pedestrian travel is consistent with
current adopted regional and local plans.
Bay Area Air Quality Management District
The air quality district that addresses air pollution in the Plan Area is the BAAQMD. Since a
primary source of air pollution in the Palo Alto region is from motor vehicles, air district
regulations affect transportation planning in the Plan Area. The BAAQMD is a public agency
tasked with regulating air pollution in the nine-county Bay Area, including Santa Clara County.
The BAAQMD’s goals include reducing health disparities due to air pollution, achieving and
maintaining air quality standards, and implementing exemplary regulatory programs and
compliance of federal, State, and regional regulations.
California High-Speed Rail Authority
The California High Speed Rail Authority is responsible for the planning, designing, building and
operation of the nation’s first high-speed rail system. Their future corridor and planned service
along Caltrain right-of-way makes them a key stakeholder in future corridor improvements.
Peninsula Corridor Joint Powers Board (Caltrain)
The Peninsula Corridor Joint Powers Board (PCJPB) is the governing body for the Caltrain
commuter rail service that operates in the counties of San Francisco, San Mateo, and Santa
Clara. The PCJPB was formed in 1987 to oversee the passenger rail service.
Santa Clara Valley Transportation Authority and the Congestion Management Plan
The MTC requires the local transportation authority, such as the Santa Clara Valley
Transportation Authority (VTA), to establish transportation plans that can feed into the larger
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RTP. In Santa Clara County, the VTA is the Congestion Management Agency (CMA) tasked
with preparing the Congestion Management Plan (CMP) that describes the strategies to
address congestion problems and monitoring compliance. The VTA works cooperatively with
the MTC, transit agencies, local governments, the Caltrans and the BAAQMD. The CMP
contains LOS standards for highways and arterials, multimodal performance standards, a
capital improvement program, a program for analyzing land use decisions, and a travel demand
management (TDM) program.
The minimum LOS standard for VTA-monitored CMP intersections is LOS E, except for facilities
grandfathered in at LOS F, which states that intersections operating at LOS F at the baseline
year for implementation of an LOS standard can be grandfathered in. The standards for Santa
Clara County were established in October of 1991; thus, any intersection operating at LOS F
prior to the established 1991 LOS standards are not held to the minimum standard of LOS E.3
Member Agencies, which include the cities and County of Santa Clara, must ensure that CMP
roadways operate at or better than the minimum LOS standard. The VTA monitors the
performance of CMP facilities at a minimum of every two years. If the minimum LOS standards
are not met, Member Agencies plan for improvements to address the congestion. Palo Alto uses
a minimum LOS standard of LOS D for its intersections not monitored as part of the VTA CPM
program.
To manage the transportation system and monitor performance in relation to established LOS
standards, the VTA has designated a CMP roadway system for Santa Clara County. The CMP
roadway system contains 434.5 miles of roadways, of which: 267.4 miles (61 percent) are State
highways, 58.7 miles (14 percent) are expressways, and 108.4 miles (25 percent) are
city/county arterials.5 If adopted standards are not being maintained on a specific roadway in
the designated system, actions must be taken to address problems on that facility or plans must
be developed to improve the overall LOS of the system and improve air quality. The CMP
roadway system is a subset of the broader Metropolitan Transportation System.
Santa Clara Valley Transportation Authority Bicycle Program
In 1998, the VTA implemented a comprehensive Bicycle Program to improve the bicycle
infrastructure throughout the Santa Clara County, and to encourage people to utilize biking as a
form of commute and recreation. The Bicycle Program provides facilities, services, and
programs to make provide bikes a safer option for residents and visitors in Santa Clara County.
Under the Bicycle Program, the VTA prepared a Countywide Bicycle Plan, and associated
Bicycle Technical Guidelines.
Santa Clara County
Bicycle Plan
In 2008, VTA completed the Santa Clara Countywide Bicycle Plan (SCCBP), which provided a
foundation for maintaining and enhancing the countywide bicycle network. The vision of the
SCCBP is: To establish, protect and enhance bicycling as a viable transportation mode and to
assure that bicycling is a practical and safe mode of travel, by itself and in combination with
other modes. The SCCBP identifies existing and proposed cross county bicycle corridors,
some which pass through Palo Alto, such as the Dumbarton East-West Connector Corridor,
which stretches from North Palo Alto to Los Altos, and the Matadero Creek/Page Mill Trail,
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which stretches from the southeast corner of the Foothill Expressway/Page Mill Road
intersection along Page Mill Road to Arastradero Road. The SCCBP establishes several goals,
and policies to achieve the vision through transportation planning and programming, land use
and transportation integration, local ordinance and guidelines development, and design and
construction. The VTA’s Bicycle Expenditure Program (BEP) was created to provide a funding
stream to implement the SCCBP.
Santa Clara County Bicycle Technical Guidelines
The VTA Bicycle Technical Guidelines (BTG) establish standards and guidance for planning,
designing, operating, retrofitting and maintaining roadways and bikeways throughout Santa
Clara County, including parts of Palo Alto. The BTGs are intended to improve the quality of
bicycle facilities and to ensure countywide consistency in the design and construction of the
countywide bicycle network, including roadways. The BTGs apply to projects that are a part of
the countywide bicycle network. The BTGs are divided into the following four parts:
•

•

•
•

Part 1 provides an introduction and general guidance, including purpose and policy
guidance, as well as bicycle characteristics, such as bicyclist skill levels and facilities
that best accommodate them.
Part 2 includes the technical guidelines for roadways, including roadway design
elements, construction zones and maintenance, intersections and interchanges, and
signalized intersections.
Part 3 establishes technical guidelines for on-road bikeways, including bikeways on
major rural roads, and local roads.
Part 4 includes technical guidelines for bike-only facilities, including bike paths, and bike
bridges, as well as bike parking.
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Appendix B – Caltrain Weekday Train Schedule
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Appendix C – Traffic Count Raw Data
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1. Introduction
The City of Palo Alto Travel Demand model is an essential source of information and part of the
“tool kit” the Consultant will use for the technical analyses of the Task 4: Rail Corridor
Circulation Study, as part of the Consultant’s Rail Program Management Services. Task 4
itemizes a number of subtasks that will be carried out as follows:
● Data Review
● Existing Documents
● Existing Traffic Counts
● Travel Demand Models
● Development Proposals
● Utilities and Right of Way
● Field Observations
● Collision Data
● Grade Crossing Hazards and Gate Downtime
● Evaluation of Alternatives
This report focuses on the Travel Demand Model. The Travel Demand Model is a regional
model that has been used by the City of Palo Alto (referred to as the “City”) to provide
transportation information on the Comprehensive Plan and other major changes that will impact
transportation. The Travel Demand Model was developed based on the VTA regional travel
demand model using the Cube Voyager program. How the model will be used is described
together with the background setting for the analyses.
A description of the model is included together with identifying its limitations and the appropriate
way of integrating the use of the model into the analyses that form a major component of the
overall evaluation studies. The Consultant has reviewed the output of the model at its base year
(2014) with newly obtained and other recent traffic volume counts. This provides a measure of
how the model can be used. Finally, the proposed analytical methods the consultant intends to
use are discussed.
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2. Background and Use of the Travel Demand Model
The Rail Corridor Circulation Study is set up to assess what the effect will be of the alternative
grade separation road/rail designs on the street based traffic. This will include all motorized
vehicles, bicycles, and pedestrians. This report addresses motorized vehicles only; other modes
are covered elsewhere.
Analyses of the Travel Demand Model reflect automobiles, taxis, road transit (bus and shuttles),
and trucks. The model simulates road traffic patterns and volumes in the road network. It is
responsive to connectivity in the road network and delay-generated-congestion on the road
network. It will simulate the rerouting of traffic to reflect all drivers (apart from fixed rate road
transit services), minimizing their journey times.
For this exercise, only the road traffic assignment model is used. There are other choice models
within the overall modeling framework (mainly location and mode choice), but they are not
considered to be impacted sufficiently by the alternative forms of grade crossings to be reflected
in the analyses.
The Travel Demand Model is very large (almost 3,000 zones) and is primarily intended to be
used to assess the impact of major changes in land use and transportation infrastructure and
services. For example, a major capacity increase of a freeway or changes in population or
employment in the City and surrounding area. However, the model is quite suitable for
assessing driver’s responses to major changes in road connectivity and delays generated by
congestion. It is also the best tool available for forecasting future growth in travel demand.
The Consultant will use the Travel Demand Model for two important elements of the analysis.
First, it will be used to assess the rerouting of drivers to respond to connectivity changes by
either grade separations or road closures replacing current at grade crossing, for example. This
will allow the impact of rerouting to be analyzed with the alternatives being tested. The second
use will be to assess the most likely growth of travel demand and its impact in the future years
at the key points in the road network. This growth will be applied to observed traffic volumes and
movements to project to a future year estimation of traffic conditions.
At the key intersection and grade crossings, a more detailed approach will be applied. New data
has been obtained from recent traffic counts and this data, along with the use of forecast growth
parameters, will be used as input to a more detailed modeling of the intersections. This is
described further in in the following sections of the report.
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3. Model Review
Although the model geographically covers the whole Bay Area (nine counties), its focused area
is the City of Palo Alto, where it has more detailed information about the roadway network and
land use. The City model has 2,980 traffic analysis zones (TAZs). The zones are denser in the
City area than in other areas. The base year of the model is 2014, and the planning horizon
year is 2030. Figure 1 below shows the TAZs for the City of Palo Alto.
Figure 1: Traffic Analysis Zones
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3.1 Travel Demand Models
Two models were received from Hexagon Transportation Consultants, who currently maintains
the City model:
● 2014 base year model
● 2030 Alt 1 model. This is one of the many future year models of the City. The City has a
number of future year models, each representing a different planning scenario. The 2030 Alt
1 model is considered the most appropriate for this study, as it represents the currently
approved City Comprehensive Plan.
The City model has a number of traffic forecasting periods: AM peak 4-Hour, PM peak 4-Hour,
Mid-Day, and Night. In this study, only the peak hour traffic forecasts will be used, as those
represent the most critical conditions. The City model, however, does not produce peak hour
traffic directly. The peak hour forecasts have to be derived through factoring the AM 4-Hour and
PM 4-Hour traffic forecasts. The same process will be followed for forecasting peak hour traffic
in this study, as would be done for other infrastructure projects in the City.

3.2 Limitations of the Model
The City model is not an intersection based model in the sense that turning movement delay is
not explicitly modeled and is not sensitive to volume changes. The model is not intended to
address this level of detail. From the traffic operation point of view, this is a limitation of the
model because in urban streets, traffic delay is typically incurred at intersections instead of the
link level. This model uses speed/flow relationships with implicit (average) delays for
intersections.

3.3 Roadway Network in the Study Area
The City model is not built on a GIS network. It therefore lacks many roadway network details in
the study area. This is illustrated in Figure 2, where the thick blue lines represent the model
network while the gray lines represent the GIS network. It can be seen from the figure that
there are many streets that are not included in the model. The missing of those local streets,
and the fact that not all local streets are represented, may affect how traffic is assigned or
routed in the model. This is completely normal for a strategic model covering the size of area
that it does. Therefore, the model forecasts need to be examined on how they can be used for
traffic operations analysis.
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Figure 2: Model Network vs. GIS Network

3.4 Study Intersections
This project has four (4) key study intersections / railway and highway crossings. In the following
section, the actual layout of these intersections is compared with what has been assumed in the
model. Aerial photos are used to show the actual layouts of these intersections. From north to
south the intersections are:
1. Palo Alto Ave with El Camino Real
2. Churchill Ave with Alma Street
3. Meadow Drive with Alma Street
4. Charleston Rd with Alma Street
Alma street is a four (4) lane arterial throughout the City and a main north-south route alongside
and immediately to the east of the Caltrain tracks. The intersecting streets have an east-west
orientation and are four (4) lanes in width.
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Intersection 1: Palo Alto Ave / El Camino Real
The intersection is identified by Node 5255. The actual layout is presented in Figure 3 and the
model layout in Figure 4.
Figure 3: Palo Alto Avenue/ El Camino Real

October 30, 2017

6

Mott MacDonald | Travel Demand Model Validation Report
City of Palo Alto: Rail Program Management

Figure 4: Palo Alto Avenue/El Camino Real in the City Model
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Intersection 2: Churchill Ave / Alma Street
The intersection is identified by Node 5507 in the City model. The actual layout is presented in
Figure 5 and the model layout in Figure 6.
Figure 5: Churchill Ave and Alma Street
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Figure 6: Churchill Avenue/Alma Street in the City Model
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Intersection 3: Meadow Drive / Alma Street
This intersection is identified by Node 4643 in the City model. The actual layout is presented in
Figure 7 and the model layout in Figure 8.
Figure 7: Meadow Drive and Alma Street
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Figure 8: Model Layout of Charleston Road and Meadow Drive Along Alma Street
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Figure 9: Charleston Road/ Alma Street

Intersection 4: Meadow Drive / Alma Street
This intersection is identified by Node 9350 in the City model. The actual intersection layout is
presented in Figure 9, and the model layout is presented in Figure 8.

3.5 Model Results Validation
The purpose of the model validation is to better understand the capacity of the model in
forecasting traffic at the corridor level in the study area, as well as the proper use of the model
forecast for traffic operations analysis. The validation is not intended to be a “critique” of the
model but rather to develop how it can be used in the process. The comparison of the modeled
with counted flows is highly unlikely to be the same:
● The model peak hour flows are converted from four (4) peak-hour traffic assignment results,
whereas the counted flows are true peak hour flows.
● Models of this size are not intended to be used at individual street or intersection level.
● The model does not represent all of the streets in the City.
● Traffic counts can also vary from day to day.
● The model is 2014, and the counts are 2015/16.
The model is validated in two ways. The first is to compare the 2014 traffic forecasts with the
2015/2016 traffic counts. The second way is to compare the 2014 traffic forecast with the 2030
traffic forecasts and check the reasonableness of the volume change, i.e., whether the volume
changes are reasonably explained by the network and land use changes.
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3.6 2014 Model Results vs. Traffic Counts
The comparison of the base year traffic forecasts with traffic counts is summarized in Table 1.
The “Counts” column represents the 2015/2016/2017 observed traffic counts, and the “model”
column represents the traffic forecasts from the 2014 base year model (note: the El Camino
Real / Palo Alto Ave intersection traffic counts are from 2017, while those of other intersections
are from 2015/2016). The comparison is conducted for one hour in both the AM and PM peak
periods at the four key study intersections.
Table 1: Base Year Model Forecast Validation

Source: observed traffic counts and 2014 base year traffic forecast model
* GEH stands for Geoffrey Edward Havers, who developed a statistical method of measuring
the “goodness of fit” between two independent data sets. It is a modified Chi Squared test and
outputs a statistical value for the comparison. It has been adopted by the UK Department of
Transportation, many U.S. State DOTs, and the travel demand modeling industry in general.
A number of observations can be made from the comparison:
● The volume discrepancy between the model forecasts and the traffic counts demonstrates
that the model should not be used directly to estimate individual traffic flows. The general
standard is that when the GEH value is greater than 5.0, the data sets are not compatible,
which was to be expected.
● The model forecasts on Alma Street are generally lower than the observed traffic counts.
Based on the above, it was decided that future year traffic forecasts from the model should not
be used directly for traffic operational analyses at a detailed level and would be used to estimate
the growth in traffic demand. The models would also be used to identify changes in travel
patterns.

October 30, 2017
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3.7 2030 Model Results vs. 2014 Model Results
The comparison between the 2030 future year forecasts and the base year forecasts is
presented in Table 2.
Table 2: 2030 Alt. 1 Model Forecast Validation

Source: observed traffic counts, and 2014/ 2030 year traffic forecast models
The comparison shows that:
● The 2030 future year traffic forecasts are systematically higher than the base year forecasts
along Alma Street. The volume growth incremental rate is roughly 2% annually. This is an
expected result.
● The cross-street traffic largely increases over time. But at a few locations, the future year
forecasts are lower than the base year forecasts by a small margin. There are some,
reassignments in the model that account for this.
The volume change seems to be consistent along Alma Street and the growth rate seems to be
reasonable. The growth shown is quite suitable to be added to traffic forecasts to derive a set of
improved 2030 traffic forecasts.

October 30, 2017
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4. Future Year Modeling Methodology
4.1 Travel Models
The City Travel Demand Models will be used to derive the growth in traffic volumes for all the
traffic operations analyses (TOA). This will be commenced by examining two different time
travel models:
● 2014 base year model. The model approximately represents the existing year condition.
● 2030 Alt 1 model. This model represents one of the City’s most likely future year conditions.
For this project, this model reflects the no-build condition.
Based on these two models, other models will be constructed to evaluate the future year
“project” conditions. The use of “project” in this instance means any planning or design
measures that are related to this study and to be explored in this study. A number of varying
project conditions will require evaluation. The approach is to add the forecast growth from the
models to the observed traffic volumes:
● Refined traffic forecast = counts + (future year model forecast – base year model forecast).

4.2 Improvement Plans in the Traffic Forecasting Model
Assuming the potential project alternatives in this study are limited to local roadway
improvements such as grade-separation, roadway signing and restriping, or even traffic signal
treatment, these improvements are unlikely to change the overall traffic demand or traffic
distribution pattern at the regional level. These local improvements typically affect only route
choice: if a specific route becomes more attractive, it is going to draw more traffic from adjacent
parallel streets. This is essentially a traffic assignment issue.
It is also assumed that the above roadway improvements change traffic delay at the turning
movement level rather than the link level. For example, grade-separation effectively reduces
signal delays and thereby reduces intersection turning movement delay.
The following steps will be followed to incorporate each roadway improvement into the model:
● Revise the model network to reflect the geometric changes
● Estimate traffic delays due to the increase from four (4) trains each in the peak hour, each
direction, at current at-grade intersections, to ten trains each direction.
● Estimate the traffic delay as a result of these geometric changes, using traffic operation
models (Synchro).
● These will then be used to estimate turn penalties in the model at the intersections under
review.
More details on the methodology and the results of these tests will be contained in later reports.

October 30, 2017
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Report No. 1 of the Rail Corridor Circulation Studies: SCENARIOS 1 to 6 - DRAFT
October 27, 2017

1. Introduction
1.1

On 28 June 2017, a staff report was presented to the City Council Rail
Committee entitled “Draft Rail Program Circulation Study Scenarios.” In this Staff
Report, six (6) different scenarios were recommended for study that were
intended to support the identification and evaluation of grade separation
alternatives. This document reports on the outcomes of those studies and also
includes a description of the background; the objectives; and the methodologies
employed to obtain the results.

1.2

The intent of the Rail Corridor Circulation Study was to estimate the effect on
traffic circulation under up to eight (8) different scenarios that have been modeled
using the regional/Citywide travel demand model. This has been used to assess
the diversionary (traffic rerouting) impacts of the possible changes to the rail
corridor road network in the City that future grade crossing layouts may cause. A
more detailed examination of the intersections at, and close to, the current atgrade crossings has also been carried out using traffic operational models.
These “Year 2030” scenarios include several variations of grade crossings and
grade separations at each railroad corridor crossing location. The first two
scenarios (“Year 2030 No Build Scenario One” and “Year 2030 No Build
Scenario Two”) do not include any new grade crossings, new grade separations
or modifications to existing crossings, as they refer to the “No Build” scenarios.
The remaining six (6) scenarios (Year 2030 Scenarios 1 through 6) include
varying collections of new multi-modal grade-separated crossings, new bicycleand-pedestrian-only grade-separated crossings, new grade separations, modified
grade crossings, and closed grade crossings. The analysis of scenarios is
intended to inform the selection of grade separations alternatives for more indepth study and evaluation. These scenarios are for testing only and are not
intended to establish any policy directions or suppose a preferred alternative.

1.3

The impacts of any future modifications to the current at-grade and gradeseparated crossings will affect accessibility across the Caltrain tracks. To
construct a grade separation where currently there is an existing at-grade

crossing, clearly reduces the interference or obstruction caused by that crossing
and therefore improves East/West access/capacity at that location. That may or
may not attract additional vehicular traffic to that crossing. Similarly, closing (i.e.,
eliminating) an existing at-grade crossing will cause traffic to divert to other
routes. The intent of this study is to assess probable changes to motor vehicle
and bicycle traffic circulation/demands under changes in accessibility/capacity
caused by railroad crossing related infrastructure improvement scenarios. To the
extent that it is possible with the demand models, an order-of-magnitude
quantification of those changes is described.
1.4

Even if no changes or modifications are made to the existing rail crossings,
increases in traffic demands driven by land-use and population growth would
occur between existing and future (2030) conditions. Vehicular traffic is forecast
to grow at a little over 1% per year. The Caltrain service modifications, made
possible by the electrification, are likely to double the number of trains in the
peak periods compared to now, when they are implemented. There is also the
potential for having high-speed rail services on this line, in addition to Caltrain.
The combination of the increased frequency of gate closures at the crossings
and increased traffic flows will undoubtedly increase road congestion from what it
is now.

1.5

Two types of Year 2030 “No Build” scenarios were first defined. A Year 2030 “No
Build 1” scenario was first developed that includes growth in traffic between
current and Year 2030 conditions while assuming no change to existing rail
service frequencies, and no change in existing roadway circulation conditions.
Included in the Circulation Study tests, is another Year 2030 “No Build 2”
scenario where both the increased train frequencies and traffic growth (between
existing and year 2030) are simulated within the demand models, while assuming
no future construction occurs. The “No Build 2” with both train frequencies and
traffic volume scenario forms the ‘baseline’ from which comparisons against the
scenario tests are made.

1.6

The current average number of gate closures caused by passing trains is 6-7 per
hour over the peak periods. The highest number in any one hour recorded is 10.
The assumptions within the demand modeling is that this will rise to an average
of 20 by 2030 if both Caltrain Modernization and high-speed-rail services are
implemented. Caltrain current signal system headways allow for a maximum of
an express train every five (5) minutes and a local train every six (6) minutes.
This would mean 24 express trains per hour for both directions if evenly spaced
at five-minute intervals and 20 local trains per hour if evenly spaced at six-minute
intervals. Neither of these conditions would be likely to occur in “real life”.
Firstly, the service will most likely be a mixture of both local and express trains
and secondly, running at uniform minimum headways through a peak hour is
highly unlikely to be achievable in practice. Therefore, by assuming a maximum
of 20 gate closures per hour over the peak periods, the model is addressing the
likely worst-case scenario in terms of traffic disruption.
It is also likely that with such intense service frequencies, that occasionally, a
single-gate closure could accommodate two (2) trains passing in opposite
2

directions, meaning that the number of gate closures was actually less than the
total two-way train frequency.
1.7

Finally, conclusions are drawn from the series of ‘sensitivity’ tests carried out for
alternative scenarios. It is important to note what is forecast to happen if nothing
is done to improve the crossings and not only whether diversions will occur under
various scenarios of infrastructure changes, but whether their impact is likely to
be significant or not. The study area is shown in Figure 1.1.

and the operational models
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2. Study Methods
2.1

A two-step analysis process was used to complete the circulation study. A largescale regional/citywide traffic demand model is first used to estimate both the
growth in traffic demand within the road network and the diversion impacts that
any proposed changes to the road infrastructure will cause. The demand model
is fully described in the “Travel Model Validation Report.” Since the regional
model cannot simulate traffic flows reliably at an individual roadway link or
intersection level, a more refined post-processing of forecasts and operational
analysis at an individual intersection level is completed in the second step. This
is described below in Section 2.5 to 2.7.

2.2

The Travel Demand Model runs on a “Cube Voyager” software platform. This is
a universally accepted platform throughout the planning industry. The model
itself comes from the MTC and Santa Clara VTA regional models and is
compatible with all models used for infrastructure planning on the Peninsula and
the Bay Area. The models are forecast to the future year of 2030 and outputs
estimates of traffic volume conditions for the hourly average of a four-hour peak
period in both the morning and afternoon for an average week day. Both inputs
to and outputs from the Travel Demand Models and the operational models are
mounted on the City’s website.

2.3

The Travel Demand Model is a four-stage model in which trip generation, trip
distribution (locations), mode choice (motor vehicle, transit or rail) and
assignment (either highway, transit or rail networks) are estimated. The model is
calibrated on observations at a base-year against land-use and population data.
For future year forecasts to 2030, the main input to the models are the future
year assumptions on the 2030 land uses; populations; employment and car
ownership. This is the same model that has been used for developing the
transportation elements of the Comprehensive Plan. The model is owned by and
is accessible through the City of Palo Alto.

2.4

The train frequencies that cause gate closures during the peak periods vary
considerably at the crossing locations from three (3) per hour to ten (10) per
hour. The highest frequencies tend to be 8:00-9:00 am and 6:00-7:00 pm. The
other variable involved is the crossing traffic volume. It is a combination of these
two variables that produces congestion. Crossing traffic volume peaks at
different times at different location and at different times to the train frequency
peaks. For example, at the Palo Alto crossing, westbound traffic peaks between
11:00 am and 12:00 pm. At Churchill Rd and E/W Meadow Dr, the afternoon
peak hour for eastbound traffic is 3:00 pm to 4:00 pm. So, a single peak-hour
demand model would not capture all the peak conditions and would not be fully
representative for analysis. By adopting the City’s Demand Model that covers a
four-hour peak period for both the AM and PM, the study has encapsulated the
dynamic variables that make up traffic congestion.
The qualification being that the highest peaks at individual locations could
generate more congestion for a short time than the model would predict.
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A further issue is that of a phenomenon called “peak spreading.” As traffic
congestion grows, drivers tend to change their time of travel to avoid the worst
conditions. It is traffic saturated conditions that cause “peak spreading” to
happen, where the physical capacity of the system is reached. When looking at
the possibility of a 20% growth of traffic by the year 2030, it is likely that the
highest peak traffic volumes could not be accommodated by some parts of the
road network capacity. The result would be an expansion of the peak conditions
to a wider time period. By using a four-hour average peak period, this growth
can be realistically simulated by the demand model.
The analyses of the operational conditions, however, does use current peak hour
volumes, with growth added by the demand model to analyze those conditions in
the future forecast year of 2030. This means that the operational analyses will
have captured the most congested conditions.
2.5

The individual intersection-level forecasts were developed using Year 2017
intersection turning-volume level ground counts as the basis. Each of the critical
intersections that include the rail crossings were surveyed early in 2017, with
new weekday peak-hour traffic counts obtained at thirteen (13) study
intersections. This included the actual rail crossing intersections as well as the
closely located and influential adjacent intersections.

2.6

The traffic count data and forecasts were used as input to a traffic operational
modeling procedure to analyze the performance of the intersection. The
software platform is Synchro® (Version 8). This is a popular traffic operational
analysis software platform that is universally used and accepted throughout
North America.

2.7

The Synchro® analysis was initially used for the 2017 (actual) conditions and
reported in the Existing Conditions Report. For the future forecast year of 2030,
the 2017 count data was modified/refined to reflect regional-model forecasted
growth in traffic demand through year 2030 from year 2017. The impact, as a
result of traffic growth, was analyzed with the Synchro® software. The Demand
Model was used to estimate that growth. The result is that at individual
intersections, the peak one-hour (as opposed to the four-hour average of the
peak period) demands are more accurately represented.

2.8

To address the important issue of Bicycle accessibility, a separate analysis
procedure was used. This consisted of developing an accessibility map, based
on travel time contours (an isochronic analysis), using a GIS-based mapping
procedure. This plots the travel distance that can be achieved with 5, 10, 15 and
20-minute cycling times. The process, therefore, easily identifies the ability of
bicyclists to make east/west movements across the Caltrain tracks and indicates
where there is good and poor accessibility. The average bicycle speed was
taken as 12 mph, which is what the City typically uses to time traffic signals along
bikeways.
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3. Scenario Specifications
3.1

Eight (8) separate circulation scenarios were tested with both the morning (AM)
and afternoon (PM) peak period models at a future forecast year of 2030. These
are presented in Tables 1 and 2. Table 1 describes the six (6) scenarios that are
analyzed and Table 2 is a tabular representation of the scenarios.

3.2

For each at-grade crossing, there are a variety of treatments available.
 Remain as it is today with all-modes having access. (No change)
 Closure for all modes. (Motor vehicles)
 Closure for vehicles, pedestrians, bicycles, but retaining Pedestrian and
Bicycle access, either remaining at-grade or grade separated.
 Grade separation for all modes.
 Widen existing grade-separated crossings.
There are other measures that can also be implemented such as remaining as
an at-grade crossing for all modes but imposing a quiet zone. This is not an
option that can be analyzed within the modeling procedures in the circulation
studies, but is a qualitative assessment in terms of impacts. For the demand
model tests, there is no sensitivity to the type of grade separation that may be
employed, only that the current obstruction caused by the presence of the rail
crossing is removed.

3.3

An analysis of the details of traffic operations for specific designs will be the
subject of further work when the alternatives are being considered.

3.4

The following are the crossing locations and their current (or future committed)
conditions:
 Palo Alto Avenue (AKA Alma Street) – existing at-grade, all modes
 Everett Avenue/Lytton Avenue – planned grade-separated
bicycle/pedestrian
 University Avenue – existing grade-separated, all modes
 Homer Avenue – existing grade-separated bicycle/pedestrian
 Embarcadero Road – existing grade-separated, all modes
 Churchill Avenue – Existing at-grade, all modes
 California Avenue – existing grade-separated bicycle/pedestrian
 Oregon Expressway – existing grade-separated with no pedestrian
access
 Loma Verde Avenue/Matadero Creek – planned grade-separated
bicycle/pedestrian
 East/West Meadow Drive – existing at-grade, all modes
 East/West Charleston Road – existing at-grade, all modes
 San Antonio Road – existing grade-separated, all modes
This represents the “No Build” infrastructure condition.
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Table 1, below, presents a general description of each of the sample scenarios
that were tested. All were analyzed for the future forecast year of 2030.
Also, to be noted is that where the circulation study assumes grade separations,
it does not differentiate between the type of separation (below grade, above
grade, etc.). This is due to the focused nature of the analyses and means that
additional circulation analysis will likely be needed for grade separation
alternatives that emerge through the community process if, for example, the type
of separation results in local street closures in the vicinity. It was also assumed
that all grade separations included full connections (both turning and through
movements) with Alma Street, as it exists today.
Table 1 - Description of Test Scenarios
Scenario
No Build –
Scenario 1
No Build –
Scenario 2
Sample Scenario 1
(Low Build)

Sample Scenario 2
(Low-Medium
Build)

Sample Scenario 3
(Medium Build)
Sample Scenario 4
(Full Build Phase 1)
Sample Scenario 5
(Full Build Option
A)
Sample Scenario 6
(Full Build Option
B)

General Description of Changes
No changes to the crossings; existing rail service levels.
No changes to the crossings; additional Caltrain plus High-Speed Rail
Service for the peak period the forecast frequencies. (6 Caltrain and 4
HSR trains per hour in each direction in the peak periods.)
Closed at-grade crossings at Palo Alto Ave (AKA Alma St), Churchill
Ave, and E/W Meadow Dr; widened grade-separated crossing at
Embarcadero Rd; new grade-separated crossing at E/W Charleston
Rd.
Closed at-grade crossings at Palo Alto Ave (AKA Alma St) and E/W
Meadow Dr; new grade-separated bicycle/pedestrian crossing at
Everett Ave/Lytton Ave and Loma Verde Ave/Matadero Creek; new
quiet zone at-grade crossing at Churchill Ave; new grade-separated
crossing at E/W Charleston Rd
Widened grade-separated crossing at Embarcadero Rd; new gradeseparated bicycle/pedestrian crossing at Churchill Ave and E/W
Meadow Dr; new grade-separated crossing at E/W Charleston Rd
New grade-separated bicycle/pedestrian crossing at Loma Verde
Ave/Matadero Creek; new grade-separated crossing at E/W Charleston
Rd
New at-grade quiet zone crossing at Palo Alto Ave (Alma St); new
grade-separated bicycle/pedestrian crossings at Churchill Ave and
Loma Verde Ave/Matadero Creek; new grade-separated crossing at
E/W Meadow Dr and E/W Charleston Rd
New grade-separated crossings at Palo Alto Ave (AKA Alma St),
Churchill Ave, E/W Meadow Dr, and E/W Charleston Rd; new gradeseparated bicycle/pedestrian crossings at Everett Ave/Lytton Ave and
Loma Verde Ave/Matadero Creek; widened grade-separated crossing
at Embarcadero Rd
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Table 2 - Rail Corridor Circulation Study: Traffic Measures
Sample Scenario
3
4

1

2

5

6

LowMedium
Build

Medium
Build

Full Build
Phase 1

Full Build
Option A

Full Build
Option B

Crossing

Existing
(No Build)

Low Build

Palo Alto Ave
(AKA Alma St)
University Ave
Embarcadero
Rd
Churchill Ave
Oregon Expwy
E/W Meadow Dr
E/W Charleston
Rd

A

X

X

A

A

Q

S

S
S

S
W

S
S

S
W

S
S

S
S

S
W

A
S
A
A

X
S
X
S

Q
S
X
S

A
S
A
S

A
S
A
S

A
S
S
S

A
S
S
S

Key

EXISTING
NEW

Bicycle and Pedestrian measures for these scenarios are contained in Table 6.

A = At Grade Q = Quiet Zone W = Widened Grade Separated
X = Closed to all Traffic S = Grade Separated

4. Scenario Test Results 1: Traffic Diversions
4.1

For the six (6) test scenarios, the travel demand model was used to assess the
diversion effects. The model was used to estimate how travel patterns will
change when accessibility changes. This shows where increases and decreases
occur in traffic volumes when a scenario is compared to the “No Build” scenarios.
These are shown graphically in Figures 4.1 to 4.12. The “No Build Scenario 1”
will include all infrastructure and rail service as it exists today (2017) with the
forecasted 2030 traffic demand. The “No Build Scenario 2” includes all
infrastructure as it exists today, but with the forecasted 2030 traffic demand and
the increase in the frequency of rail crossing gate closures resulting from
proposed Caltrain and High-Speed Rail service.

4.2

In 2030, the train frequency in the peak periods of the average weekday is
forecast to increase to around three times today’s service levels (i.e., from an
average of 6-7 trains per hour to 20 trains per hour). This assumes both Caltrain
and high-speed rail future forecast services will be operating. It could be
speculated that even if high-speed rail is not in service by then, the demand for
Caltrain services could push the train frequency to that level. That could be near
to a practical saturation level for Caltrain services to operate if no further
modifications (such as more passing tracks) are constructed.
In simple capacity terms, this translates to approximately a 20% reduction in
vehicular capacities across the Caltrain at-grade crossings from today. For both
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the No-Build Scenario 1 and Scenario 2, a 15% increase in total vehicular traffic
volumes crossing the rail lines within the City is forecast through Year 2030 over
existing conditions.
4.3

The difference between No Build Scenario 1 and No Build Scenario 2 is that
there would be a vehicular traffic rerouting effect for the individual crossings due
to the increase in grade-crossing congestion caused by effectively tripling the
potential for gate closures. Essentially crossing traffic reduces on Palo Alto Ave;
E/W Meadow Dr and Charleston Rd and increases on Oregon Expressway and
San Antonio Rd. There is little effect on Churchill Ave; University Ave and
Embarcadero Rd. So, there is a redistribution of routing to the grade-separated
crossings in the south of the City.

4.4

In the rest of the comparisons, the “No Build Scenario 2” option is assumed to be
the baseline, so in Figures 4.1 to 4.12, the “traffic differences” diagrams are
shown for each scenario against the “No Build Scenario 2”, with the red overlay
showing which roads will have increased traffic flows and the green overlay
showing where traffic flows will be reduced. For each scenario, a summary of
this is included with a description of the effect on the volumes using the various
rail crossings within the City.

4.5

SAMPLE SCENARIO 1
Sample Scenario 1 has three (3) of the at-grade crossings closed and Charleston
Rd. grade separated. Embarcadero Rd is widened. The total 2030 traffic
crossing reduces to 2017 levels, so the growth is effectively rerouted out of the
City. University Ave and Embarcadero Rd experience small increases but
Charleston Rd experiences very high increases in traffic flows, over 50% above
the No Build Scenario 2 flows, shown in Figures 4.1 and 4.2.

4.6

SAMPLE SCENARIO 2
Scenario 2 has Palo Alto Ave and Meadow Dr closed; Churchill Ave remaining at
grade and Charleston Rd grade separated. The total crossing traffic flows
reduce by around 10% from the No Build Scenario 2 conditions, so around 5%
above today’s conditions. There is some small amount of increases to traffic on
the grade-separated crossings, with the exception of Charleston Rd which
experiences over 50% increase in traffic flow.
In the westbound direction, Oregon Expressway is likely to exceed LOS D. In the
eastbound direction, Embarcadero Rd is likely to be congested, well above LOS
D. University Ave is not likely to exceed LOS D. Shown in Figures 4.3 and 4.4.

4.7

SAMPLE SCENARIO 3
Scenario 3 has the existing grade separation at Embarcadero Rd being widened
and with Charleston Rd grade separated. There are slight increases for Palo
Alto Ave and Embarcadero Rd but over a 50% increase from the No Build
Scenario 2 for Charleston Rd.
9

The widening of Embarcadero Rd reduces potential congestion and assists in
balancing the traffic volumes between the grade-separated crossing. The
widening, therefore, is a justifiable measure and serves the purpose for which it
is intended. Both Palo Alto Ave and Embarcadero Rd are likely not to exceed
LOS D. Shown in Figures 4.5 and 4.6.
4.8

SAMPLE SCENARIO 4
The only change from No Build Scenario 2 to Sample Scenario 4 is that a grade
separation for Charleston Road is included. There is little change except for
Charleston Rd itself, which attracts over an additional 50% of traffic flow. Shown
in Figures 4.7 and 4.8.

4.9

SAMPLE SCENARIO 5
Scenario 5 has an at-grade quiet zone at Palo Alto Ave and grade separations at
Charleston Rd and Meadow Dr. Churchill Ave remains at-grade. Both Meadow
Dr and Charleston Rd experience a high level of additional traffic flow. This is
likely to have the effect of having similar traffic operating conditions as today, on
the existing grade separations. So, the traffic growth is taken up by the new
grade-separated crossings. Shown in Figures 4.9 and 4.10.

4.10 SAMPLE SCENARIO 6
This scenario offers the greatest level of total capacity increase for the crossings
within the City of all the scenarios tested. It has all the specifications of sample
scenario 5 with the addition of widening at Embarcadero Rd and Palo Alto Ave
grade separated. Churchill Ave stays the same as today. Each of the former atgrade crossings that are assumed to be grade separated attract substantial
additional traffic flows – much of which is diverted from the existing gradeseparated crossings in the City. The existing grade-separated crossings operate
with similar levels of traffic flow to today and substantially better than in No Build
Scenario 2. Shown in Figures 4.11 and 4.12.
4.11 DISCUSSION ON TRAFFIC DIVERSION OUTCOMES
Although six (6) scenarios is only a fraction of the vast number of possible
combinations and permutations for different layouts of the crossings in the City, it
seems the tests completed provide a reasonable picture of likely outcomes of
different scenarios. These range from Sample Scenario 1, the most restrictive,
which is specified to close down all the at-grade crossings except Charleston Rd,
to Sample Scenario 6, that includes grade separating every crossing that is
currently at-grade, except for Churchill Ave.
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In general, the outcomes of the tests are intuitive with those crossings that
remain at grade shedding traffic to either the existing grade-separated crossings
or any that will be newly constructed as grade separated. The exception is
Churchill Ave which seems relatively insensitive to changes in the layout and
functions of the crossings. This may be because Churchill is used for very local
trips that are unlikely to reroute without significant inconvenience.
4.12

If the grade separations were to be constructed, then some rerouting would occur
from the existing grade separations. Charleston Rd is particularly likely to
experience this if it is grade separated; specifically attracting traffic that currently
uses the San Antonio Road grade-separated crossing. Charleston Rd and
Arastradero Rd corridor is one of the few connecting routes for I-280 and US 101
Sample Scenario 1 is likely to divert the 15% growth in traffic demand from today
to 2030, out of the City and divert existing traffic from the routes that are closed
to those that are grade separated. This is shown in Figures 4.13 and 4.14.
It should be noted that in Figures 4.13 to 4.16 the increases are compared to
current conditions, not to the “No Build Scenario 2.” This gives a perspective to
the likely increases compared to today.

4.13

Sample Scenario 6 displays about the highest crossing capacity of the six (6)
sample scenarios for vehicular traffic. Churchill Ave is not assumed grade
separated, but seems fairly insensitive to change and may not make any
significant difference. Sample Scenario 6 is technically equivalent to having the
Caltrain track below or above ground for the whole length through the City, from
a traffic modeling perspective.
This Scenario attracts some 5% more total crossing traffic than No Build
Scenario 2. All routes that are currently at-grade and become grade separated in
Scenario 6 will attract significant additional volumes of traffic, as can be seen in
Figures 4.15 and 4.16. Much of this traffic reroutes from existing grade
crossings, particularly San Antonio Road.

4.14

In Table 3 – a summary assessment of the likely effects of the different proposals
for the at-grade treatments are shown, as demonstrated by the model.

Table 3 - Response of the at-grade intersections to change
Condition

Remain
at-grade

Closed

Grade-separated

Significantly increases traffic
flows. (~30%)

Location

Palo Alto
Ave / Alma
St

Little effect

Sheds small amount of
traffic to Ravenswood
Ave and University Ave

Churchill
Ave

Little effect

Considerable diversion to
Embarcadero Rd, which if
widened could operate
satisfactorily.

It is suspected that there would
be little effect on other grade
crossings, if other separations
implemented. Could attract
small amounts of traffic.

E/W
Meadow
Drive

As traffic grows, will
shed to Oregon
Expressway and
Charleston Rd (if grade
separated)

Some diversion to
Charleston Road;
significant if Charleston is
grade-separated

Significantly increases traffic
flows (~50%)

As traffic grows, will
shed to San Antonio
Road

Not tested but likely to
either shed significant
traffic to San Antonio
Road or reduce traffic
overall

Significant increases to traffic
flows (50+%). Some diverts
from San Antonio Rd.

Charleston
Rd
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5. Scenario Test Results 2: Intersection Analyses
5.1

GENERAL
This section of the report describes the results of a more detailed examination of
the operational performance of the intersections. The computer program
Synchro® (version 8) was used for the analysis. For each intersection, the traffic
flows surveyed in 2017 were used as input with the addition of forecast traffic
growth from 2017 to 2030. The growth was estimated using the travel demand
model.
The forecast traffic flows are described below. This is followed by an analysis of
the conditions, in terms of traffic delay and queues, that are likely to occur if the
Caltrain services are increased to, firstly, Caltrain modernization specification
and secondly, to both the Caltrain Modification and high-speed rail specification
for train service frequencies. This section then describes the more detailed
analyses that have been carried out for the performance of the intersections
under Sample Scenarios 1 to 6. Finally, a discussion is included in the results.

5.2

TRAFFIC FLOWS
The intersections analyzed are shown in Figure 5.1. and listed below.

5.3

The following are the intersections that have been examined:














Palo Alto Avenue/Alma St
(unsignalized intersection)
El Camino Real/Palo Alto Ave/Sand Hill Rd
Churchill Ave/Alma St
Churchill Ave/Mariposa Ave (unsignalized intersection)
Churchill Ave/Madrona Ave (unsignalized intersection)
Meadow Dr/Ramona St
(unsignalized intersection)
Meadow Dr/Alma St
Meadow Dr/Park Blvd
(unsignalized intersection)
Meadow Dr/Wilkie Way
Charleston Rd/Wright Pl
(unsignalized intersection)
Charleston Rd/Alma St
Charleston Rd/Park Blvd
(unsignalized intersection)
Charleston Rd/Wilkie Way

These intersections were all subject to count surveys in 2017 – as reported and
analyzed in the “Existing Conditions Report.”

5.4

TRAFFIC CONDITIONS FOR “NO BUILD” SCENARIOS
Tests were carried out for a number of possible conditions for the future:
2017 - current conditions
2020 - Caltrain Modernization train frequency increases
2030 - Caltrain Modernization and high-speed-rail train frequency
increases (No Build Scenario 2)
In Figure 5.2, the average vehicle delays are shown under the three (3) analysis
years described above. As can be seen, particularly in the PM peak, delays are
forecast to at least double in many cases from 2017 to 2030.

5.5

Figures 5.3 and 5.4 show the likely queue formation for the future year of 2030 in
the PM peak for a “No Build Scenario 2” condition. The PM peak, generally, has
higher volume of flows than the AM peak. Queues become a more serious issue
when they cause gridlock by backing up through intersections that are up-stream
(in traffic flow terms) of the intersection under examination. As can be seen, this
occurs at a number of the intersections under review and particularly on El
Camino Real, which is a major route through the City.

5.6

Table 4 below shows the typical level-of-service (LOS) for the key traffic flows
that cross the rail track for the three (3) analysis years at each of the at-grade
crossings (as set out above in 5.4).

Table 4 – Level-of-Service of Key Rail Crossing Movements
Crossing
Palo Alto Ave
Churchill Ave
Meadow Dr
Charleston Rd

2017
E/F
E
D/E
E/F

2020
F
F
D/E
F

2030
F
F
E/F
F

33

34

5.7

TRAFFIC CONDITIONS UNDER SAMPLE SCENARIOS 1-6 AT 2030
Table 5 shows a summary of the motor vehicle level-of-service (LOS) for traffic
operations at the intersections analyzed on the Caltrain track crossing routes,
that are currently at grade as set out in paragraph 5.3 and shown in Figure 5.1.
The LOS is for the times when the rail gates are not closed. For the LOS for
times when the gates are closed, Table 4 should be referred to. It should be
remembered that the forecast flows into the intersections vary considerably
between different scenarios and therefore the LOS will also vary. For example,
when an existing at-grade crossing is assumed to be grade separated in a
scenario, it is likely to attract more traffic, which then can deteriorate the
intersection LOS’s on that route. This also means that some routes that remain
at-grade will operate at a better LOS during times when the rail crossing gate is
open, than when they are assumed to be grade separated. This is usually
because traffic is deterred from using a route with an at-grade crossing because
of the likelihood of gate closures. When a route that was previously at-grade is
proposed for grade-separation, the demand model shows it will attract additional
traffic and that additional traffic may cause a deterioration in the operating LOS at
the intersections on that route. When future alternative (more detailed) designs
for grade operations are carried out, these conditions may well be improved.

Table 5 – Level-of-Service of Traffic Operations at the Intersections on the Rail Track
Crossing Routes
Sample Scenarios
Scenario &
Time Period
CrossingRoute
Route

Palo Alto Ave
Churchill Ave
Meadow Dr
Charleston
Rd
5.8

“No Build”
Scenario 2

1

2

3

4

AM

PM

AM

PM

AM

PM

AM

PM

C
C
C
D

C
D
C
E

A
A
C
F

A
A
C
F

A
C
C
F

A
C
C
F

C
C
C
F

C
D
C
F

5

AM PM
C
C
C
F

C
C
C
F

6

AM

PM

AM

PM

C
C
E
F

C
C
F
F

C
C
E
F

F
D
D
F

DISCUSSION ON TRAFFIC OPERATION ANALYSES
Under the “No Build Scenario 2” condition which assumes maximum increase in
train services from Caltrain and high-speed-rail, all of the at-grade crossings are
likely to operate at LOS-F for traffic signal phases during which a rail track gate
closure is included. With the forecast frequencies of closures, this will occur on
an increasing number of occasions during the peak periods (one every three [3]
minutes on average). Conversely, if an at-grade crossing remains at-grade,

traffic will likely divert to other routes and this may improve the operating LOS for
periods when no gate closures occur.
5.9

For routes where currently at-grade crossings are converted to grade
separations, additional traffic is likely to be attracted which may deteriorate the
LOS for all intersections on that route. This can be seen in Table 5; however,
where the all mode closures of the rail crossings at Palo Alto Ave; Churchill Ave
and Meadow Dr (Scenario 1) are implemented, it may improve the LOS of the
surrounding intersections.
If closures were to be implemented and traffic diverted to existing grade
crossings, then the LOS on Embarcadero Rd and Oregon Expressway are likely
to operate higher than LOS D. Without widening, Embarcadero Rd in an
eastbound direction would likely be highly congested and above LOS D.

5.10

A further consideration is that the actual timings of the gate-crossing cannot be
predicted precisely. There is a randomness associated with arrival time of the
train within a given time period. This is exacerbated by the fact that the services
are two-way operations, each direction having their own frequency
characteristics. This may mean that on occasions, the traffic queuing from one
signal phase that included a gate closure may not sufficiently recover to a normal
non-gate closure condition, before another gate-closure phase occurs for the
traffic signal. Conversely, opposite direction trains may utilize one gate closure,
resulting in more open gate time within a given window.

5.11

In summary, for those crossing routes that remain at-grade, it is likely that the
intersections will operate at LOS F for the times when there is a gate closure.
Due to traffic being attracted away from these routes, because of the likelihood of
drivers experiencing a gate closure, the traffic volumes on those routes are likely
to reduce. This would mean the LOS would improve when no gate closures
occurred. However, for the forecast train frequencies in 2030 under the full
impact of Caltrain Modernization and high-speed-rail specifications, the likelihood
of a traffic signal phase including a gate closure becomes very much higher than
today.
For those routes that do have future grade separated Caltrain track crossings,
where none exist today, increased traffic flows are likely to occur and thus the
LOS at the intersections on that route may deteriorate.

6. Bicycle & Pedestrian Accessibility
6.1

As part of the scenario testing, a variety of different proposals for new bicycle
and pedestrian crossings for the Caltrain track were prepared. These are shown
in Table 6 below.
As part of any future grade-separated crossings, both bicycle and pedestrian
facilities will be fully accommodated within the overall infrastructure designs.

36

These will be equivalent in access and safety terms to the latest standards and to
any of the other newly constructed Bicycle/Pedestrian-only grade separations.

Table 6 - Rail Corridor Circulation Study: Bicycle and Pedestrian Measures for the
Sample Scenarios 1-6
Sample Scenario
3
4

Crossing

Existing

1

2

5

6

(No Build)

Low Build

LowMedium
Build

Medium
Build

Full Build
Phase 1

Full Build
Option A

Full Build
Option B

Everett
Ave/Lytton Ave
Homer Ave
Churchill Ave 1
California Ave
Loma Verde
Ave/ Matadero
Creek
E/W Meadow
Dr. 1
Key
EXISTING

-

-

B/P

-

-

-

B/P

B/P

B/P
B/P
-

B/P
B/P
B/P

B/P
B/P
B/P
-

B/P
B/P
B/P

B/P
B/P
B/P
B/P

B/P
B/P
B/P

-

-

B/P

-

-

-

B/P
-

NEW
B/P = Grade-Separated Bicycle/Pedestrian Only
1
= In close proximity
6.2

The sample scenarios with crossing closures for all modes (1 and 2) if
implemented without the provision of pedestrian and bicycle-crossing facilities
close by, would seriously deteriorate mobility for those modes of travel. For the
No Build Scenario 2 and as it is today, there is a significant gap between Oregon
Expressway and Meadow Dr. With Sample Scenario 1, this gap is extended by
the closure of Meadow Dr. Added to this, new gaps would appear between
Oregon Expressway and Churchill Ave and north of Palo Alto Ave. Sample
Scenario 2 is a considerable improvement on Sample Scenario 1 with the
addition of new Bicycle/Pedestrian-crossing facilities at Everett Ave/Lytton Ave
and at Loma Verde Ave/Matadero Creek. Sample Scenario 2 though, still
reduces mobility north of Palo Alto Ave by closing it, and also, marginally
between the new Loma Verde Ave/Matadero Ave crossing and Charleston Rd,
by closing Meadow Dr.

6.3

Sample Scenario 6 provides the maximum accessibility for Bicyclists and
Pedestrians of all the scenarios tested. As all at-grade crossings are assumed
grade separated, except Churchill Ave, and all proposed new grade-separated
crossings for bicycle and pedestrian are assumed constructed, the overall level
of accessibility is very high. This is shown in Figure 6.3. The only remaining atgrade crossing that does not have improved Bicycle and Pedestrian crossing
facilities would be Churchill Avenue
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7. Road Safety
7.1

The Existing Conditions Report, the accident data showed the following in Table 7.

Table 7: Study Area Intersection Roadway Accident Data 2011-2015
Location

Item

Total Collisions
Injury Collisions
Fatal Collisions

Alma St & Palo
Alto Ave
6
1
0

Alma St &
Churchill Ave
30
10
0

Alma St &
Meadow Dr
25
11
0

Alma St &
Charleston Rd
27
10
1

Source: SWITRS data provided by City of Palo Alto, 2017

Churchill Ave, Meadow Dr and Charleston Rd all have around the same level of
total collisions and injury-related collisions, with one (1) fatality at Charleston Rd.
Any new construction to the latest standards, particularly a grade separation or
closure, is likely to reduce the potential for accidents.

8. Summary and Conclusions
8.1

The Traffic Circulation Study tests were carried out with the City’s Travel
Demand Model for examining the impacts of traffic growth and any traffic
diversionary effects from the different layouts and combinations of grade
separations. Although the number of permutations and combinations of different
forms of treatment to the Caltrain crossings are potentially very high, the six (6)
representative tests carried out have provided a reasonable picture of what is
likely to happen under the most foreseeable/practical scenarios.

8.2

Six (6) sample scenarios were tested that ranged from a very restricted
accessibility specification to one with a very high level of accessibility across the
Caltrain tracks.

8.3

Total growth in traffic across the Caltrain track crossing from now (2017) to 2030
is forecast to be around 15% under “No Build” condition.

8.4

Under a “No Build Scenario 2” condition (i.e., with the expected maximum of 20
trains per hour during peak periods), the increased delays at the at-grade
crossings would cause traffic to divert to the currently grade-separated crossings;
particularly Oregon Expressway and San Antonio Rd. The conditions on both of
these routes is likely to be worse than LOS D.

8.5

For a situation with the higher level of restricted access (Sample Scenario 1), the
test assumed closure of the Palo Alto Ave; Churchill Ave and Meadow Dr atgrade crossings. Charleston Rd was assumed grade separated. For this
scenario, the overall 2030 traffic volumes across the Caltrain track within the City
would reduce to levels that exist today and the ‘growth’ would be diverted out of
the City.

8.6

Sample Scenarios 1 and 2 would seriously reduce bicycle and pedestrian
accessibility across the Caltrain track and, therefore, active transportation

mobility in general, unless newly constructed crossings were provided in the
same or close-by locations.
8.7

For the scenarios with a number of grade separations replacing currently atgrade crossings, the total 2030 traffic across the Caltrain tracks could grow by
more than 20% from today. This means some traffic is diverted in from outside
the City compared to a “No Build” conditions.

8.8

In all cases, currently at-grade crossings, if they were to be grade separated,
would attract traffic from the existing grade-separated crossings. Charleston Rd
and Meadow Dr are likely to attract over 50% increases relative to the No Build
Scenario 2 with Palo Alto Ave over 30%. Much of the additional traffic would be
diverted from the currently grade-separated crossings. This is likely to improve
the LOS on all the existing grade-separated crossings.

8.9

The model shows that the traffic that diverts to be the longer distance traffic,
whereby decisions by drivers on changes in routing are made outside the City.

8.10

The more detailed examination of the individual intersection traffic operations
shows that under the forecast “No Build Scenario 2” conditions, the intersection
at the rail crossings would be operating at Level-of-Service F on an overall basis
and could incur at least twice the delay experienced today.

8.11

For Caltrain crossing routes within the City that are assumed to remain at-grade,
the traffic flow volumes are forecast to experience little change from 2017, and
any additional traffic due to growth diverts to those crossings where there are
grade separations. Such grade separations may be the existing ones or newly
constructed ones. Thus, the traffic operational conditions for the routes that
remain at-grade remain similar to today when a gate-closure does not interfere
with the signal phasing. However, for the signal phases where a gate closure
does impose on the phasing conditions, the motor vehicle level-of-service drops
to F. In 2030 with full Caltrain modernization and high-speed rail train preemptions, this would occur a substantial number of times during the peak
periods.

8.12

For the Caltrain crossing routes within the City that are assumed to be upgraded
from at-grade to grade separated, the traffic volumes are likely to increase
substantially. This could cause the level-of-service of the individual intersections
on the crossing routes, close to the track, to deteriorate.

8.13

Any complete all-mode closures on the crossing routes will cause substantial
reduction in mobility to bicyclists and pedestrians unless either an existing gradeseparated crossing is close by or a new one is constructed.

8.14

In the period from 2011 to 2015, a total of 88 accident collisions were recorded,
of which 32 involved injury and one (1) a fatality. New construction, either grade
separations or closures, are likely to reduce this substantially.
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Comments on Draft Rail Corridor Circulation Study White Paper
Elizabeth Alexis, CARRD
November 8, 2017

The traffic model failed validation. It cannot be used to forecast traffic shifts.
The traffic model used failed the validation test. It should not be used to draw any conclusions about
shifts in traffic to other roadways based on grade separation alternatives. In particular, the results for
the Alma/ Palo Alto and Churchill crossings are particularly misleading.
Palo Alto’s traffic model is based on the countywide VTA model that is based on the regional MTC
model. They all utilize Cube software (the same software used in the California High Speed Rail
Model) to forecast:
●
●
●
●

How many trips will be taken in the ENTIRE BAY AREA
Where will people go in the ENTIRE BAY AREA
How will they travel (bike, train, car etc) in the ENTIRE BAY AREA
What route will be taken from A to B

These are very complicated models and many assumptions have to be made.
For all automobile drivers traveling between two specific zones, the model decides on the one fastest
route and assumes everyone uses this specific route to travel from the center of each zone to the
center of the other zone.
The model has very limited information about many of the real world factors that actually go into our
decision-making about what route to take. It doesn’t include all the streets in Palo Alto. It omits key
details about the design of the streets that impact their usage. It definitely doesn’t handle train
pre-emptions in a direct way.
It is useful for estimating the number of trips in a 24 hour period between Stanford campus and and
the west side of San Jose - the trips between A and B.
It is not useful for predicting the local routes that people will take to get to specific locations within
Palo Alto - how to get from A to B.
This can clearly be seen in the model validation that was done by Hexagon in December 2013 for the
Comprehensive Plan Update, as well as the validation that was done by Mott MacDonald for this
study.

On the next page, we have a copy of the Hexagon analysis that compares local street traffic data
from the VTA model forecast, actual traffic counts, and the forecasts from the Palo Alto version of the
VTA model is on the next page (the complete memo is included as an attachment).

Model Volume Comparisons on Local Streets (City of Palo Alto and VTA Models)
AM Peak Hour
CPA 2013 Count
Volume

CPA 2013 Model
Raw Volume

between Bryant St and Waverly St

1716

908

591

1955

828

734

between Waverly St and Middlefield Rd

1647

947

698

1999

913

801

between Middlefield Rd and Chaucer St

1206

1026

776

1774

1044

778

between Alma St and Middlefield Rd

54

701

123

47

462

172

between Middlefield Rd and Bayshore Rd

55

649

136

95

473

190

between El Camino Real and Alma St

582

882

1731

743

783

1217

between Alma St and Middlefield Rd

44

977

316

78

850

341

130

585

222

269

420

282

between El Camino Real and Alma St

784

1161

1032

1265

1100

615

between Alma St and Middlefield Rd

1201

960

2303

1632

964

1290

between Middlefield Rd and Fabian Wy

857

1346

1216

761

1231

1319

between Junipero Serra Blvd and Peter Courtts Rd

262

773

631

637

684

215

between Peter Coutts Rd and Hanover St

247

670

455

322

754

697

between Hanover St and El Camino Real

314

583

246

539

685

335

Roadway
University Avenue

Loma Verde Avenue

Meadow Drive

Segment

between Middlefield Rd and Fabian Wy
Charleston Road

Stanford Avenue

Middlefield Road

Bryant Street

Miranda Avenue

PM Peak Hour

VTA Model
Volume

VTA Model
Volume

CPA 2013 Count
Volume

CPA 2013 Model
Raw Volume

between Everett Ave and Lytton Ave

1497

1437

1640

1913

1636

1666

between Lytton Ave and University Ave

1535

1044

638

1934

1314

912

between University Ave and Hamilton Ave

939

877

749

1667

1212

891

between Colorado Ave and Loma Verde Ave

320

1394

296

813

1575

1077

between Loma Verde Ave and Meadow Dr

385

1451

389

806

1717

1090

between Meadow Dr and Charleston Rd

402

1687

596

884

1941

1208

between Oregon Expwy and N California Ave

1

194

404

13

233

971

between Oregon Expwy and Colorado Ave

1

147

59

88

132

52

north of Arastradero Rd

104

628

83

58

691

107

south of Arastradero Rd

13

379

32

13

148

17

Notes: Directional volumes from both models were added together to yield two‐way volumes.
CPA 2013 Raw Model Volumes and VTA Volumes were converted from 4 hour model output to 1 hour volume by applying factors of 2.793 (AM) and 3.584 (PM).

Mott MacDonald | Travel Demand Model Validation Report
City of Palo Alto: Rail Program Management

3.6 2014 Model Results vs. Traffic Counts
The comparison of the base year traffic forecasts with traffic counts is summarized in Table 1.
The “Counts” column represents the 2015/2016/2017 observed traffic counts, and the “model”
column represents the traffic forecasts from the 2014 base year model (note: the El Camino
Real / Palo Alto Ave intersection traffic counts are from 2017, while those of other intersections
are from 2015/2016). The comparison is conducted for one hour in both the AM and PM peak
periods at the four key study intersections.
Table 1: Base Year Model Forecast Validation

Source: observed traffic counts and 2014 base year traffic forecast model
* GEH stands for Geoffrey Edward Havers, who developed a statistical method of measuring
the “goodness of fit” between two independent data sets. It is a modified Chi Squared test and
outputs a statistical value for the comparison. It has been adopted by the UK Department of
Transportation, many U.S. State DOTs, and the travel demand modeling industry in general.
A number of observations can be made from the comparison:
● The volume discrepancy between the model forecasts and the traffic counts demonstrates
that the model should not be used directly to estimate individual traffic flows. The general
standard is that when the GEH value is greater than 5.0, the data sets are not compatible,
which was to be expected.
● The model forecasts on Alma Street are generally lower than the observed traffic counts.
Based on the above, it was decided that future year traffic forecasts from the model should not
be used directly for traffic operational analyses at a detailed level and would be used to estimate
the growth in traffic demand. The models would also be used to identify changes in travel
patterns.
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The data shows many local streets where the models widely over or underestimate usage.
Hexagon decided that for the purposes of the comprehensive plan, the model was acceptable
because it had reasonable forecasts for the total number of people driving north or east, although the
model did not work to predict which streets people would choose to drive on.
MM did a similar exercise with the new data they collected. They too concluded that the model was
not reliable for the purpose of forecasting the distribution of traffic.
It is puzzling that MM decided to still use the model to show changes in travel patterns in response to
grade separation changes. If the model does not understand the current traffic patterns, why would it
be able to predict changes in traffic patterns?
For example, the model predicted that only 46 people would travel eastbound on Churchill in the
afternoon peak hour - in reality there were 438 cars. The model did not understand why anyone other
than Churchill residents would use Churchill.
It is no wonder that the model concluded that it was irrelevant what happened at Churchill - it didn’t
think anyone would use it for any reason.
While the absolute counts are more reasonable for Alma/ Palo Alto Avenue, there are a number of
data points that suggest the model does not accurately portray the destinations of those using the
crossing - which means that any analysis about diverted traffic will not be accurate. The model
appears to forecast most of the users cutting down to Middlefield on Palo Alto Avenue, in order to
avoid Menlo Park traffic. This is not consistent with actual turn data that shows the road being used to
access downtown Palo Alto instead of University Avenue and being used to access destinations off
Alma much further south.
The models seem to overpredict use of Oregon Expressway and other grade separated cross streets.
Residents use local roads like Churchill and Loma Verde much more frequently than forecast.
Is there wisdom in crowds?
The data that we have looked at suggest that, compared to the forecasts from the traffic model,
residents avoid El Camino and are more likely to use Alma.
The three existing grade separations at University, Embarcadero and Oregon Expressway were done
to avoid conflicts between trains and cars. The chosen designs, however, created new conflicts
between cars and other cars for anyone wanting to turn, not just continue straight.
Most turn movements at the existing grade separated crossings are riskier and much less
comfortable than those at the current grade crossings. Here is a chart of how someone would make a
right turn onto Alma southbound.

Road

Direction

Turn Movement

Description

Risk level

Palo Alto Ave

East

South onto Alma

Road merges

Very low

University

East

South onto Alma

Pass under Alma,
loop back, make
unprotected left
turn

High

Embarcadero

East

South onto Alma

Pass under Alma,
loop back onto
Kingsley, make
unprotected left
turn

High

Churchill

East

South onto Alma

Signalized right
turn

Low

Oregon Expway

East

South onto Alma

Short exit ramp,
short merge into
fast moving traffic

Medium

Meadow

East

South onto Alma

Signalized right
turn

Low

Charleston

East

South onto Alma

Signalized right
turn

Low

The crossing at Embarcadero is shown below.

While we didn’t have time to finalize a review of complete accident records for Alma in time for this
meeting, we reviewed the police records available for the last 6 weeks. We counted 16 accidents that
appeared to happen on or around Alma. All but one happened an existing rail crossing

Road

Intersection

Palo Alto Ave

0

University

5

Embarcadero

0

Churchill

0

Oregon Expway

6

Meadow

2

Charleston

1

San Antonio

1

Our initial review of 3 years of accident data shows a similar pattern. A large number of accidents
near Oregon Expressway and University, with additional accidents at the many unsignalized
intersections along Alma.
Both Palo Alto Avenue and Churchill play important roles in Palo Alto’s transportation grid to faciliate
safer turning movements on and off Alma road. This would explain the high truck and emergency
vehicle usage of Churchill.
The closure or effective closure (remaining open with 20 trains per hour at high speeds) of these
roads would push drivers onto University or Embarcadero. They would either be forced to make
incredibly unsafe turns on/off Alma or use local streets to get to a signalized intersection.
At University, drivers trying to go south on Alma would likely turn right on High Street, right at
Hamilton and use the signalized intersection.
At Embarcadero, drivers coming from Stanford trying to go south on Alma would likely turn right onto
Emerson St (by Castilleja) and then turn right on Churchill to use the signalized intersection.
Drivers do both these things today but especially in the case of Churchill where the intersection would
no longer be pre-empted by the train, you would expect to see it become the defacto turn movement
for Embarcadero.

Any grade separation plan needs to think very carefully about how to create safe turns on and off
Alma south of downtown where there are several signalized intersections and north of Oregon
Expressway. In this area, there are four lanes of traffic and no turning pockets available. This situation
will continue to get more dangerous as time goes on.

Use of Synchro for analysis of increased train crossings at intersections
Caltrain undertook an exercise to analyze the impact of additional trains on grade crossings. It was
heavily criticized because it used Synchro/SimTraffic, which does not handle train pre-emption. While
there are some work-arounds to simulate a train pre-emption event, they do not work well for the
types of intersections in Palo Alto. We are also a little confused to exactly how MM modeled train
pre-emption. They have “un-preempted” and “pre-empted” LOS results. On a practical level, what
does that mean?
In 2015, Fehr & Peers made a presentation
(https://www.westernite.org/annualmeetings/15_Las_Vegas/Presentations/6B-Barnes.pdf) and
compared several software packages for their ability to model Caltrain grade crossings, including
those in Palo Alto. Their data suggest that Synchro results should be taken with a LARGE grain of
salt.

Recommendations

Withdraw this draft study.
It is very important to not leave studies with significant flaws. Council members term-out, staff
members retire. Memories fade and another team will rely on the results, with potentially serious
consequences.
Focus more on understanding current traffic flows in Palo Alto than using fixing models that
will be very difficult to fix.
A better understanding of how the road system is used today and the flaws in the network would go a
long way. We should know more about all the turning movements on and off Alma and El Camino at
every intersection. New data from Google can help us understand travel patterns. We may need to
engage some of our corporate citizens in analyzing this data, but this will be more helpful than using
the large scale models like Cube for what we are trying to do.
Focus on explaining the traffic impact and safety implications of train pre-emption for our
specific situation
In the United States, the typical issue with pre-emption are infrequent but very long freight trains. In
this case, gate downtime is important. Preventing people from trying to “run the gate” is important, in
the same way that drivers are more likely to run red lights at intersections where the phases are very
long.
In our situation, we have relatively short and fast passenger trains. They are, however, very frequent
and pre-empt high volume streets with nearby signals that are also pre-empted (except in the case of
Palo Alto Ave/Alma).
There are also specific safety issues with confused drivers as well as bicyclists and pedestrians who
are mid-intersection with a sudden red light.
Residents and policymakers have a difficult time understanding the ways in which train pre-emption
affects traffic flow, capacity and safety on our crossings.

Technical Memorandum (Revised)

Date:

December 11, 2013

To:

Jaime Rodriguez, Chief Transportation Official

From:

Jill Hough

Subject:

Palo Alto Model Validation - Documentation

Introduction
The purpose of this memo is to present the 2013 model validation and 2035 forecast result of the Palo Alto
Transportation Model (PATM). The PATM was developed as a transportation planning tool to assist City
staff in evaluating traffic impacts of land use proposals and transportation improvement projects; as well as
a tool for testing and evaluating a Comprehensive Plan Update. Hexagon was charged with developing the
PATM using the Valley Transportation Authority (VTA) countywide model and focusing on the Palo Alto
area.
Refinements to the VTA model were made to the network and land uses within Palo Alto, and the model
was validated against 2013 traffic counts. The scope of work that was developed for this assignment
consisted of the following tasks:
(1) 2013 Model Validation. Although the original PATM had been validated to year 2005 traffic counts,
the previous validation was not easily aligned to the VTA travel demand model and often resulted in
diverging model results that were not easy to explain.
(2) Documentation: Technical documentation of the Palo Alto Model was prepared consisting of VTA’s
documentation of the Countywide models and this Technical Memorandum that documents the land use
assumptions and the model validation. A future memorandum will be prepared, presenting future
forecasting results, and the year 2035 intersection level of service results.

2013 and 2035 Land Use Consolidation
The 2013 and 2035 estimates of households and numbers of jobs for the zones within the City of Palo Alto
were developed by city staff. The land use data were then transferred to a set of variables that are used as
input into the PATM.

2013 Residential Data
City staff developed the estimates of year 2010 single-family and multi-family units for each traffic zone
within the city. The zonal household data were extrapolated to estimate household population,
total population, employed residents, and households by four income categories using shares
and factors derived from the ABAG data. The total base year 2013 citywide residential data are
summarized and compared to the VTA 2010 data in Table 1 below. Although different years are being
compared, there were not a significant number of approved projects between 2010 and 2013.
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Table 1
Year 2010 Residential Data
Land Use Variable
Single‐Family Households
Multi‐Family Households
Total Households
Household Population
Total Population
Households in Income Quartile 1
Households in Income Quartile 2
Households in Income Quartile 3
Households in Income Quartile 4
Employed Residents

VTA/ABAG
17,909
12,367
30,276
69,249
76,331
9,210
4,802
5,596
10,675
32,486

City of Palo
Alto
17,950
13,975
31,925
73,392
82,407
9,358
5,226
6,014
11,327
37,942

Delta
41
1,608
1,649
4,143
6,076
148
424
418
652
5,456

Note: "VTA/ABAG refers to the ABAG Socio‐economic projections for City of
Palo Alto and relates to year 2010. "City of Palo Alto" refers to City of Palo
Alto's local planning database as of 2013.

2013 Employment-Based Data
The City of Palo Alto maintains a zone-based land use data set for the traffic analysis zones (taz’s) within
the City and sphere of influence that includes employment-based land uses. The LEHD was the primary
source for the employment data. The total base year 2010 VTA and Citywide employment data are
summarized in Table 2.
Table 2
Year 2010 Employment Data
Land Use Variable
Total Employment
Agriculture Employment
Manufacturing Employment
Retail Employment
Wholesale Employment
Services Employment
Other Employment

VTA/ABAG
90,886
276
19,327
9,631
4,007
47,733
9,912

City of Palo
Alto
88,865
23
8,144
9,897
982
31,974
37,844

Delta
‐2,021
‐253
‐11,183
266
‐3,025
‐15,759
27,932

Note: "VTA/ABAG refers to the ABAG Socio‐economic projections for City of
Palo Alto and relates to year 2010. "City of Palo Alto" refers to City of Palo
Alto's local planning database as of 2013.

Highway Model Validation
Highway assignment validation is the process in which the traffic volumes estimated by the
model are compared with observed traffic count data. Traffic counts were collected at various intersections
throughout the city, as shown on Figure 1. The 2013 model validation presented in
this memo provides two levels of checks: system-level validation of the peak hour volumes by
facility type (freeways, expressways, arterials and collectors), and a validation of peak-hour
traffic at six screen line locations.
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Study Intersections
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System Level Validation Targets
For the system-level validation, criteria were used from FHWA recommendations that were also
used by VTA. Criteria were used for both overall volumes and volumes stratified by facility type.
The following highway assignment validation goals were established:
•

Freeways: less than 7 percent error compared to observed counts. Examples include I-280 and US
101.

•

Expressway: less than 10 percent error compared to observed counts. Examples include Foothill
Expressway and Oregon Expressway.

•

Arterials: less than 10 percent error compared to observed counts. Examples include El Camino Real,
Alma Ave, Churchill Ave, Middlefield Rd, Page Mill Rd, E Bayshore Rd, Embarcadero Rd, Quarry Rd,
Arboretum Rd, University Ave, Arastradero Ave.

•

Collectors: less than 25 percent error compared to observed counts. Examples include California Ave,
W Bayshore Rd, Meadow Dr, Loma Verde Ave.

•

All Facility Types: less than 5 percent error compared to observed counts

Screen Line Validation Targets
Screen lines are imaginary lines that cut through a set of parallel roadways, intercepting travel across
them. The purpose of using a set of screen lines is to provide a systematic comparison of model estimated
versus observed travel through different parts of the city, regardless of the individual route choice. A total
of three screen lines were used to validate the PATM. Each screen line was evaluated by direction, for a
total of 6 metrics.
The locations of the screen lines are shown on Figure 2. A typical goal is for model estimated traffic
volumes to be within 10 to20 percent of the traffic counts on each screen line. Development of the highway
model validation is an iterative process where the model results (by facility type and at the screen lines)
are compared to the traffic counts after each model run. Analysis of the results leads to making further
adjustments until most or all of the validation target values are achieved.
During the model validation process, adjustments are typically made to the roadway’s speed and capacity
assumptions, the location of centroid connectors, trip rates, and peak-hour factors. The starting point for
the PATM validation was the 2010 VTA model. During the validation process the following adjustments
were made:


Several local roadways were added to the transportation network,



the time-of-day factors for the peak AM and peak PM periods were increased in order to capture
local traffic patterns in Palo Alto,



The free-flow speed and capacity assumptions were changed to better reflect traffic operating
conditions, and



The Akcelic travel time functions were used to calculate the travel times on the links for successive
iterations during the highway assignment process.

During the model validation, it appeared that the PATM overestimated traffic on some facilities and
underestimated traffic on other facilities. The underestimated traffic was more significant in magnitude than
the overestimated traffic. A possible explanation for the initial model volumes being lower than the count
volumes is that when the model was initially developed and validated against earlier count data throughout
the County by VTA, there may have been more peak spreading occurring than is characteristic of Palo Alto
-- or peak spreading may be more pervasive in other parts of Santa Clara County than in Palo Alto. This
tendency for underestimated trips is dealt with primarily through adjusting the peak-hour factors between
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counties and super districts. This process applies increased proportions of trips, by trip purposes, that are
occurring within the AM and PM four-hour windows.

AM and PM Peak Hour Validation Results
System wide highway validation results for the AM and PM peak 4-hour traffic assignments
are summarized in Tables 3 and 4, respectively. The peak 4-hour model volumes are compared
to the counts, stratified by facility type.

Table 3
Comparison of AM Peak 4-Hour Counts and
Model Volumes by Facility Type
Facility
Freeways
Expressways
Arterials
Collectors

Count
Volume
377,558
68,752
201,251
22,680

Model
Volume
365,821
90,603
202,592
24,945

Difference
3%
‐24%
‐1%
‐9%

Target
+/‐ 7 %
+/‐ 10 %
+/‐ 15 %
+/‐ 25 %

Table 4
Comparison of PM Peak 4-Hour Counts and
Model Volumes by Facility Type
Facility
Freeways
Expressways
Arterials
Collectors

Count
Volume
413,943
91,881
295,675
38,854

Model
Volume
409,425
117,946
287,402
38,758

Difference
1%
‐22%
3%
0%

Target
+/‐ 7 %
+/‐ 10 %
+/‐ 15 %
+/‐ 25 %

The tables show that the validation targets were met for all facilities except expressways, during both the
AM and PM Peak 4-hour periods. Even though the expressway validation target was not met, the
validation for the other facility types were actually much tighter than the target values, suggesting that the
overall validation is reasonably acceptable. Also, the expressway facilities account for a fairly limited
portion of the roadway system in Palo Alto. The screen line validation results are presented in Tables 5
and 6 for the AM and PM peak 4 hour periods, respectively.
The screen line validation shows that the model matches the 30% target at 5 of the 6 screen lines (3 of 3 in
the AM and 2 of 3 in the PM).

Table 5
Comparison of Counts and Model Estimated Volumes at Screen Lines ‐ AM
Screenline Name
North of Stanford Ave/California Ave
West of Route 101
West of Alma Ave
Total

Model
Volume
86,708
20,928
18,656
126,292

Count
Volume

93,153
28,286
14,521
135,960

Difference
Numeric
Percent
‐6445
‐6.9%
‐7358
‐26.0%
4135
28.5%
‐9668
‐7.1%

Target Met

Yes
Yes
Yes
Yes
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Table 6
Comparison of Counts and Model Estimated Volumes at Screen Lines ‐ PM
Screenline Name
North of Stanford Ave/California Ave
West of Route 101
West of Alma Ave
Total

Model
Volume
104,187
33,070
21,688
158,945

Count
Volume

110,333
24,703
22,514
157,550

Difference
Numeric
Percent
‐6146
‐5.6%
8367
33.9%
‐826
‐3.7%
1395
0.9%

Target Met

Yes
no
Yes
Yes

These comparisons show that the volumes at 1 of the 3 (33%) screen lines in the AM and 2 out of 3 (67%)
screen lines in the PM are within 10% of the screen line counts.
Highway validation results for the AM and PM peak 4-hour traffic assignments for several local roadway
corridors are presented in Table 7. The peak hour model volumes are compared to the VTA model results.
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Table 7
Model Volume Comparisons on Local Streets (City of Palo Alto and VTA Models)
AM Peak Hour
CPA 2013 Count
Volume

CPA 2013 Model
Raw Volume

VTA Model
Volume

CPA 2013 Count
Volume

CPA 2013 Model
Raw Volume

between Bryant St and Waverly St

1716

908

591

1955

828

734

between Waverly St and Middlefield Rd

1647

947

698

1999

913

801

between Middlefield Rd and Chaucer St

1206

1026

776

1774

1044

778

between Alma St and Middlefield Rd

54

701

123

47

462

172

between Middlefield Rd and Bayshore Rd

55

649

136

95

473

190

between El Camino Real and Alma St

582

882

1731

743

783

1217

between Alma St and Middlefield Rd

44

977

316

78

850

341

between Middlefield Rd and Fabian Wy

130

585

222

269

420

282

between El Camino Real and Alma St

784

1161

1032

1265

1100

615

between Alma St and Middlefield Rd

1201

960

2303

1632

964

1290

between Middlefield Rd and Fabian Wy

857

1346

1216

761

1231

1319

between Junipero Serra Blvd and Peter Courtts Rd

262

773

631

637

684

215

between Peter Coutts Rd and Hanover St

247

670

455

322

754

697

between Hanover St and El Camino Real

314

583

246

539

685

335

Roadway
University Avenue

Loma Verde Avenue

Meadow Drive

Charleston Road

Stanford Avenue

Middlefield Road

Bryant Street

Miranda Avenue

PM Peak Hour

VTA Model
Volume

Segment

between Everett Ave and Lytton Ave

1497

1437

1640

1913

1636

1666

between Lytton Ave and University Ave

1535

1044

638

1934

1314

912

between University Ave and Hamilton Ave

939

877

749

1667

1212

891

between Colorado Ave and Loma Verde Ave

320

1394

296

813

1575

1077

between Loma Verde Ave and Meadow Dr

385

1451

389

806

1717

1090

between Meadow Dr and Charleston Rd

402

1687

596

884

1941

1208

between Oregon Expwy and N California Ave

1

194

404

13

233

971

between Oregon Expwy and Colorado Ave

1

147

59

88

132

52

north of Arastradero Rd

104

628

83

58

691

107

south of Arastradero Rd

13

379

32

13

148

17

Notes: Directional volumes from both models were added together to yield two‐way volumes.
CPA 2013 Raw Model Volumes and VTA Volumes were converted from 4 hour model output to 1 hour volume by applying factors of 2.793 (AM) and 3.584 (PM).

Conclusions
Even though the expressway validation target was not met, there are several reasons why the validation is
considered acceptable:
•

The validation for the facility types of freeways, arterials, and collectors were actually much tighter and
within a significantly lower deviation than the target values,

•

The target values by facility type are goals as opposed to requirements and are not based on
measurements,

•

There are fewer expressway lane miles than arterial lane miles, collector lane miles, or freeway lane
miles regarding the roadway system in Palo Alto, and

•

For purposes of using the model for actual analysis on projects such as the Comprehensive Plan
Update, the model forecasts get adjusted using actual traffic count data.

For these reasons, the PATM validation is considered acceptable as a tool to forecast traffic for analyzing
transportation projects and development projects.
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Session Overview

• Background
• Grade crossing challenges
• Software evaluation
• Results comparison
• Conclusions

July 21, 2015
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Background

Why did we perform this evaluation?
“…a true creator is necessity, which is the
mother of our invention”
- Plato, The Republic

July 21, 2015
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Background – Key Project

• Caltrain Peninsula Corridor Electrification

• Electrifying system from San Francisco to
South San Jose (51 miles)
• More trains: 10 per hour to 12 per hour
• Gate down times projected to change
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Background – Key Project

• CEQA-required transportation impact analysis
• Bicycles
• Pedestrians
• Transit
• Station parking
• Emergency vehicle access
• Intersections
• Analysis presented unique challenges
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Grade Crossing Analysis Challenges

July 21, 2015

ITE Western District Annual Meeting 2015

6

Grade Crossing Analysis Challenges

Major nearby roadways
(parallel and crossing)

Double Track Alignment
(“2-for-1” events)
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Grade Crossing Analysis Challenges

Complex Preemption/
Dwell/Restart Sequence

Many Gate Down Events
& Gate Restarts

July 21, 2015

Proximity to Stations
(High Bike/Ped/Transit volumes)
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Grade Crossing Analysis Challenges

• Signal coordination on parallel corridors

• Special signal systems (Transit signal priority)
• High levels of existing congestion
• Small/large overall effect of grade crossing
• Many jurisdictions
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Software Testing

• Fairly certain early on that simulation would
be needed for project
• For completeness we looked at:
• Traffix 8 (isolated HCM 2000)
• Synchro (HCM)
• SimTraffic
• VISSIM
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Synchro/SimTraffic

• Most commonly requested software package
in San Francisco and San Mateo Counties
• More degrees of coding freedom
• Tested HCM and microsimulation
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Synchro/SimTraffic

• Coding can get a bit messy
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Synchro/SimTraffic - Pros

• Preemption sequence can be modeled (few
drawbacks)
• Can program number of trains per hour
• Accounts for high pedestrian calls

• Model effects of coordinated signals
• Good for modeling signals without preemption
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Synchro/SimTraffic - Pros

• Moderate level of effort required
• Signal optimization for future scenarios (few
drawbacks)
• Randomness of model relieves some of the
drawbacks
• SimTraffic worked well up to LOS D
operations
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Synchro/SimTraffic – Cons

• Preemption sequence requires clustering
• Preemption can only occur at a specified
point in the ring-barrier system
• Restarting cycle after preemption can only
occur at a specified point in ring barriersystem

Regular Operations
July 21, 2015
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Synchro/SimTraffic - Cons

• Cannot schedule trains, only random arrivals
• Average gate down time per event only

• Cannot predictably model 2-for-1 events
• Need to remove preemption sequence if
timings to be optimized to vehicle flows
• No bicycle interaction in models
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Synchro/SimTraffic – Conclusions

• SimTraffic may be appropriate when:
• Existing levels of congestion are low (LOS D)

• If grade crossing is far enough away from
signal and no preemption cycle
• If 2-for-1 events do not significantly influence
operations
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VISSIM

• Greatest degree of coding freedom
• Caltrain study included very complex,
congested intersections
• Precedent suggested that VISSIM would
need to be used for some study intersections
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VISSIM
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VISSIM - Pros

• Properly handle all aspects of preemption
• Reflect existing and proposed train schedules
in model
• Produce more accurate 2-for-1 events

• Can account for bike/ped/transit effects on
intersection operations
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VISSIM - Cons

• Takes a lot of effort to code and calibrate
correctly
• Cannot optimize signal timings directly in
program
• Model run time is longer than SimTraffic
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VISSIM - Conclusions

• VISSIM may be appropriate when:
• High levels of existing congestion (LOS E-F)

• Complex intersection geometry or preemption
events heavily influence operations
• Bikes/Peds/Transit affect operations
• Intersections near heavily used stations
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SimTraffic/VISSIM Results Comparison

• Compared results between programs in urban
(SF) and suburban (Palo Alto) settings
• Attempted to calibrate models using
parameters provided in each program
• Calibrated to volumes and field observed
conditions
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SimTraffic/VISSIM Results Comparison

• Urban setting included:
• Near SF 4th & King Station
• One intersection on each side of grade
crossing
• Moderate levels of bikes and pedestrians
• Suburban setting included:
• 1 mile between stations
• Two intersections in parallel to tracks
• Higher levels of existing congestion
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SimTraffic/VISSIM Results Comparison

• Model run results after calibration efforts:

SimTraffic Model
Intersection

VISSIM Model

AM Peak Hour

PM Peak Hour

AM Peak Hour

PM Peak Hour

Delay (LOS)

Delay (LOS)

Delay (LOS)

Delay (LOS)

San Francisco Intersections (Urban, intersections on each side)
7th Street/
16th Street

29.1 (C)

31.4 (C)

67.3 (E)

49.5 (D)

Owens Street/
16th Street

40.2 (D)

24.2 (C)

10.6 (B)

10.7 (B)

Palo Alto Intersections (Suburban, intersections parallel)
Alma Street/
Meadow Drive

51.3 (D)

71.1 (E)

72.6 (E)

62.0 (E)

Alma Street/
Charleston Road

64.9 (E)

100.9 (F)

63.5 (E)

80.5 (F)
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SimTraffic/VISSIM Results Comparison

• VISSIM more closely replicated field
observations at test locations, but required
significantly more effort
SimTraffic Model
Intersection

VISSIM Model

AM Peak Hour

PM Peak Hour

AM Peak Hour

PM Peak Hour

Delay (LOS)

Delay (LOS)

Delay (LOS)

Delay (LOS)

San Francisco Intersections (Urban, intersections on each side)
7th Street/
16th Street

29.1 (C)

31.4 (C)

67.3 (E)

49.5 (D)

Owens Street/
16th Street

40.2 (D)

24.2 (C)

10.6 (B)

10.7 (B)

Palo Alto Intersections (Suburban, intersections parallel)
Alma Street/
Meadow Drive

51.3 (D)

71.1 (E)

72.6 (E)

62.0 (E)

Alma Street/
Charleston Road

64.9 (E)

100.9 (F)

63.5 (E)

80.5 (F)

July 21, 2015

ITE Western District Annual Meeting 2015

26

Overall Conclusions

• Intersection analysis with grade crossings
poses unique challenges
• Need to account for specific aspects of rail
line operations
• Effects of train crossing events
• Scheduled service versus random arrivals
• Existing intersection congestion levels
• Influence of crossing events on operations
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Overall Conclusions

Criteria

SimTraffic

VISSIM

Preemption

None/Simple

Complex

Preemption Effects

Low

High

Schedule Influence

Low

High

Bike/Ped/Transit Influence

Low

High

Existing Congestion

Low (LOS D)

High (LOS E-F)

Level of Effort Needed to
Code/Calibrate

Medium

High

Choose an analysis package that fits the project’s needs the best
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Special Thanks
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Thank you for attending!
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