
 

 
CALIFORNIA PATH PROGRAM 
INSTITUTE OF TRANSPORTATION STUDIES 
UNIVERSITY OF CALIFORNIA, BERKELEY 

 

 
 
 
 
 

Congestion-Responsive On-Ramp Metering:  

Before and After Studies ï Phase 1  
 

 

Michael Mauch  

Xiao-Yun Lu  

Alexander Skabardonis 

 

California  PATH Research Report  

UCB-ITS-PRR-2016-01 
 

 

 

 

 

 

 

This work was performed as part of the California PATH program of the University of 

California, in cooperation with the State of California Business, Transportation and 

Housing Agency, Department of Transportation, and the United States Department of 

Transportation, Federal Highway Administration. 

 

The contents of this report reflect the views of the authors who are responsible for the facts 

and accuracy of the data presented herein. The contents do not necessarily reflect the 

official views or policies of the State of California. This publication does not constitute a 

standard, specification or regulation.  
 

Draft Interim Report for Agreement 65A0528 TO 005 

 

 

 

August 11, 2016 

 

 
CALIFORNIA PARTNERS FOR ADVANCED TRANSIT AND HIGHWAYS 

  



    ii 

 

ABSTRACT 

The objective of this project was to develop recommendations toward a statewide policy of 

congestion responsive freeway ramp metering operation.  The research is performed in two phases.  

In phase 1, alternative ramp metering activation strategies were evaluated through simulation 

modeling on a real-world freeway test site.  In Phase 2, ñbeforeò and ñafterò field data will be 

collected and analyzed on freeway test sites that have implemented congestion responsive ramp 

metering activation. This report describes the research performed in Phase 1 of the project.   

A section of the US-101 freeway in the San Francisco Bay Area was selected as the test site.  Field 

data on traffic and operational characteristics were collected and analyzed to establish the baseline 

operating conditions at the selected site.  Several ramp metering activation strategies were 

simulated with the VISSIM microscopic model. The analysis of the simulation results showed that 

24-7 ramp metering operation could improve the mainline freewayôs performance by increasing 

the average travel speeds, and reducing the overall corridor travel-times at the specific site. No 

significant changes were found on bottleneck discharge flows and the travel-time reliability. 
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EXECUTIVE SUMMARY  

Objectives and Methodology  

Freeway ramp metering (RM) is widely used on California freeways.  RM operation is typically activated 

regularly on a time-of-day basis (e.g., AM peak and PM peak) regardless of traffic conditions. Some 

Caltrans Districts operate RM for extended hours beyond the peak periods, but there is no guidelines for 

RM activation based on freeway operating conditions.  There is a need to systematically evaluate the need 

and potential benefits of extending the current peak period RM operating policy to 24-7 metering operation. 

The objective of this project was to develop recommendations toward a statewide policy of congestion 

responsive freeway ramp metering operation.  The evaluation is performed in two phases.  In phase 1, 

alternative ramp metering activation strategies were evaluated through simulation modeling on a real-world 

freeway test site.  In Phase 2, ñbeforeò and ñafterò field data will be collected and analyzed on freeway test 

sites that have implemented congestion responsive ramp metering activation. This report describes the 

research performed in Phase1 of the project.  The Phase 1 research was performed in the following tasks:  

¶ Site Selection:  A section of the US-101 freeway in the San Francisco Bay Area was selected as 

the test site.  The selected NB101 corridor has two regularly active (recurrent) bottlenecks.  The 

upstream most bottleneck is a weave bottleneck bounded by the Hillsdale Blvd. on-ramps and the 

SR-92 off-ramps.  The second bottleneck, a merge (and lane drop) bottleneck, is downstream of 

the SR-92 on-ramps.  The typical weekday congestion patterns and mainline detector occupancies 

show that the demand for on-ramp metering extends well beyond the normal 6:00 AM to 10:00 

AM morning peak period, and may very well start in the afternoon prior to the 3:00 PM beginning 

of the PM peak metering period.  Caltrans currently operates a Local Mainline Responsive Ramp 

Metering (LMRRM) strategy whereby the metering rates are set based on the occupancy of the 

immediate upstream mainline detector(s).   

¶ Empirical Study at Selected Site: Data on traffic characteristics were obtained from the freeway 

performance measurement system (PeMS) to establish the baseline operating conditions at the 

selected site.  The following types of data were collected: a) arrival flows and demands at all on-

ramps and at the upstream-most freeway link, b) exit flows via all off-ramps and at the freewayôs 

downstream-most bottleneck, c) flows, detector occupancies and speeds from all loop detectors 

along the test site.  Additional data collected included a) on-ramp metering system characteristics 

(ramp metering strategy and parameters, hours of operation), b) probe vehicle based travel times in 

the test section from INRIX and other available sources, and c) incident data, used to explain 

unusual traffic patterns in the data. 

¶ Simulation Modeling: Traffic operations at the selected site were modeled using the VISSIM 

microscopic simulation model.  The simulation model was calibrated based on the performance 

data collected in Task 2 to ensure that it faithfully replicated the siteôs traffic operational 

characteristics.  The performance measures (MOEs) selected to evaluate the ramp metering 

operating strategies included the total discharge flows exiting the freeway section, the delays on 

the freeway and on the on-ramps, and the average freeway mainline travel time and travel time 

variability.   

Summary of the Findings and Recommendations 

The analysis of the VISSIM simulation model results showed that 24-7 ramp metering could improve the 

mainline freewayôs performance by increasing the average travel speeds (or reducing the overall corridor 

travel-times), and stabilize flows through the corridorôs bottlenecks.  The measured bottleneck discharge 
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flows did not show improvements from the 24-7 metering strategies evaluated, and the travel-time 

reliability was largely unaffected by the implementation of the 24-7 metering strategies. 

As expected, the VISSIM model showed that the 24-7 ramp metering increased the vehicular delays 

suffered by motorist at the on-ramps.  The corridorôs overall performance (combining the mainline delay 

reductions with the on-rampôs increases in delays) could be improved through moderate 24-7 ramp 

metering, with a mainline detector occupancy threshold in the range of 8% ï 10%.   

The findings from this research effort were promising in that gains could be attained through 24-7 ramp 

metering practices.  This research evaluation was a simulation model based evaluation that focused on the 

potential performance gains for a single freeway corridor (the US-101 Northbound corridor in San Mateo 

County).  Additional data-driven quantitative evaluations should be performed prior to revising Caltrans 

state-wide RM operating policies.  Real-world traffic data, like that available from the Caltrans PeMS 

system, could be used to perform a set of ñbeforeò and ñafterò comparisons to facilitate an empirical 

evaluation (based on directly measured real-world data) where benefits from changes to ramp metering 

policies and strategies can be directly measured, and potential outcomes of proposed RM strategy/policy 

changes could be inferred. These RM empirical evaluations should recognize and accommodate the 

differences between Districts and freeway corridors.  
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CHAPTER 1 

INTRODUCTION  

 

1.1 Problem Statement  

Freeway ramp metering (RM) is the most widely used strategy to manage congestion on freeway facilities.  

Metering traffic at the on-ramps may preserve the freeway capacity, improve freeway travel times and 

discharge flows. Several RM algorithms strategies have been developed and tested ranging from fixed-time 

strategies to local traffic responsive strategies to system-wide adaptive strategies.  Readers may refer to [1] 

for a recent comprehensive review of algorithms and implementations. Currently, most Caltrans districts 

operate a Local Mainline Responsive Ramp Metering (LMRRM) strategy that determines the metering rate 

at an onramp entrance based on the mainline freeway detector occupancy value at its immediately upstream 

location. 

RM operation is typically activated regularly on a time-of-day basis regardless of traffic conditions: it is 

switched on even if there is no traffic congestion during the scheduled RM operation hours, and it is 

deactivated off even if there is traffic congestion outside the scheduled operation hours (AM peak, PM 

peak, or both).  Some Caltrans Districts operate RM for extended hours beyond the critical peak periods.    

Since the infrastructure is already available, it might improve operational efficiencies to update the current 

ramp metering strategies under certain circumstances during specific time periods. Examples include: (a) 

off-peak periods, update the ramp metering policies to address traffic congestion caused by 

incidents/accidents and/or recurring congestion that occurs outside the currently metered peaks; (b) on 

weekends, update the RM policies similar to those for off-peak conditions and for special events; and (c) 

allow for ramp metering to be more responsive to local traffic conditions instead of operating only within 

predefined or fixed hours of operation.  However, before Caltrans adopt a statewide implementation of 

revised RM operating policies/strategies, there is a need to systematically evaluate the need and potential 

benefits of extending the current (weekday) peak period RM policy to 24-7 metering operation. 

 

1.2 Project Objectives 

The objective of this project is to develop recommendations toward a statewide policy of congestion 

responsive freeway ramp metering operation.  The recommendations will be based on the evaluation of the 

effectiveness of enacting on-ramp metering in direct response to the varied start and end times of recurrent 

freeway congestion.  The evaluation will be performed in two phases.   In phase 1, alternative ramp metering 

activation strategies will be evaluated through simulation modeling on a real-world freeway test site.  In 

Phase 2, ñbeforeò and ñafterò field data will be collected and analyzed on freeway test sites that have 

implemented congestion responsive ramp metering activation.  The end product of the study will be 

recommendations to assist in a statewide policy on ramp metering operations.  This report describes the 

research performed in Phase1 of the project. 

 

1.3 Overview of the Research Effort  

The research in Phase 1 of the project was performed in four major tasks. The work was performed in close 

collaboration with Caltrans technical project panel, and staff in District 4, the district of the selected study 

site. The project tasks are described below. 

 

Task 1. Site Selection:  In this task, the test freeway section was selected, based on criteria jointly 

established with Caltrans staff. The selected site should include several metered on-ramps and at a minimum 



    4 

one active bottleneck. Additionally, the site will need to be equipped with closely spaced and functioning 

loop detectors that report data to the freeway performance measurement system (PeMS) [2]. 

Several potential sites were suggested in Caltrans districts #11 (San Diego), #12 (Orange County), #3 

(Sacramento), and #7 (Los Angeles).  An examination of the geometric and traffic characteristics of each 

suggested site was undertaken using aerial photos (available through Google Earth and other means) and 

detector data from PeMS.  Site visits were performed to confirm the suitability of the candidate site(s), prior 

to final selection.  A section of the US101 in the San Francisco Bay Area was selected as the test site.  

Task 2. Empirical Study at Selected Site: In this task, the research team collected data on traffic 

characteristics to establish the baseline operating conditions at the selected site. The data was obtained from 

the PeMS system over multiple days during periods that span each rush.  The following types of data were 

collected: a)arrival flows and demands at all on-ramps and at the upstream-most freeway link, b) exit flows 

via all off-ramps and at the freewayôs downstream-most bottleneck, c) flows, detector occupancies and 

speeds from all detectors along the selected test site.   

Additional data collected included a) on-ramp metering system characteristics (ramp metering strategy and 

parameters, hours of operation), b) probe vehicle based travel times in the test section from INRIX and 

other available sources, and c) incident data, used to explain unusual traffic patterns in the data. 

Task 3. Simulation Modeling:  In this task, traffic operations at the selected site were modeled using a 

simulation model. The research team has access to and is experienced in the state-of-art simulation models 

VISSIM, AIMSUN and CORSIM.  The research team selected the VISSIM microscopic model [3] that was 

best suited to this study.  The simulation model was calibrated based on the performance data collected in 

Task 2 to ensure that it faithfully replicated the siteôs traffic operational characteristics. 

Following the model calibration, the model was applied to model congestion-responsive RM strategies, 

including i) when to initiate ramp metering in response to real-time traffic measurements, ii) how to 

coordinate metering across multiple neighboring on-ramps, and iii) when to terminate metering at each on-

ramp.  The simulation experiments assumed the LMRRM metering logic for the baseline conditions.  The 

study only modeled recurrent congestion conditions at the test site.  The results of the simulation were 

analyzed and the best metering policy was selected based on the predicted performance measures (MOEs).   

The total discharge flows exiting the freeway section corridor was selected as the primary MOE to evaluate 

the RM operating strategies.  The total discharge flow is the (time-varying) sum of the discharge flow 

through the siteôs downstream-most freeway bottleneck, and the exit flows form each off-ramp.  Additional 

MOEs calculated from the simulation model include a) the delay on the freeway and on the on-ramps, and 

b) travel time including the average travel time and travel time variability.   

Task 4. Preparation of Final Report:  A final report was prepared describing in detail the work performed 

and presenting the findings and recommendations in Phase 1 of this research effort. 

 

1.4 Organization of the Report  

This document is a final report for Phase 1 of this two-phase research project.  Chapter 2 describes the site 

selection process and the final selected site.  The findings from the empirical evaluation of the selected site 

are presented in Chapter 3. Chapter 4 describes the simulation modeling work effort and the associated 

findings. The final chapter, Chapter 5, summarizes the study findings and provides recommendations for 

Phase 2 of this research effort. 
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CHAPTER 2 

TEST SITE SELECTION  

 

2.1 Site Selection Process and Potential Demonstration Sites  

A set of test site criteria was established in cooperation with Caltrans.  The demonstration site selection 

criteria were: 

¶ The test freeway section should be of sufficient physical length to include several metered on-

ramps. 

¶ The test section should include at least a single bottleneck activated during peak period recurrent 

congestion, and ideally multiple bottlenecks with queues that interact. 

¶ The site should exhibit variability in the onset and dissipation of congestion, in order the traffic 

activated ramp control be of benefit. 

¶ The test section is not impacted by freeway queues that spill-over from downstream bottleneck(s); 

i.e., the siteôs downstream-most freeway bottleneck is ñactiveò characterized by queues 

immediately upstream and free-flow traffic immediately downstream. 

¶ The site will need to be equipped with ramp-metering infrastructure operating under the Stateôs 

Universal Ramp Metering Software. 

¶ The site needs to be equipped with closely spaced and functioning loop detectors plus suitable 

locations for installing supplemental data collection equipment (e.g., video cameras) as needed. 

¶ Willingness and availability of Caltrans operations staff to support the study. 

¶ Ongoing (or recently completed) freeway operations studies:  this criterion looks to leverage 

resources with other empirical or simulation studies provided that the site satisfies the rest of the 

criteria. 

The initial search for a site that meets these criteria entailed the examination of two web-based data sources.   

These are: Google Earth, from which aerial photos of candidate sites were downloaded and examined; and 

PeMS from which the coarse spatiotemporal patterns of freeway congestion were unveiled.  

Furthermore, the proposed siteôs suitability depended upon more than just its geometric configuration and 

traffic conditions.  The potential sites needed to be equipped with ramp-metering infrastructure operating 

under the stateôs Universal Ramp Metering Software. Very importantly, the site needed reside in a District 

where Caltrans personnel were amenable to, and supportive of, our proposed work.  

During the site selection process, consideration of the impacts of ongoing or upcoming freeway construction 

projects was added to the site selection criteria.  The site could not have ongoing construction projects that 

interfered with the mainline freeway traffic flows within the site (or flows delivered to the site from 

upstream) during the data collection period of this study. 

The site selection process was initiated and inputs from Caltrans HQ and District offices was collected.  

Information on potential sites was also collected from previous ITS/PATH work efforts. 

Several sites were considered and during the site selection process.  Preliminary evaluation of the candidate 

sites was performed and the candidate sites which failed to meet the projectôs criteria were eliminated from 

the selection process.   

The more promising sites considered during the Site Selection work efforts were: 
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District 11 San Diego 

¶ I-8 Eastbound: Some congestion was observed outside the AM and PM peak periods; only nominal 

congestion was observed on weekends.  A site with more midday congestion (and more day-to-day 

variation in congestion) would be more appropriate for this demonstration project (i.e., probably 

show more benefit). 

¶ I-8 Westbound: Only nominal congestion was observed outside the AM and PM peak periods and 

almost no congestion observed on weekends. 

¶ I-805 Northbound: Only nominal congestion was observed outside the AM and PM peak periods 

and almost no congestion observed on weekends. 

¶ I-805 Southbound: Congestion and queueing spanned across freeway interchanges (metering 

freeway-to-freeway interchange ramps not plausible) and metering upstream on-ramps on multiple 

freeways was not plausible.  

¶ I-5 North Coast Corridor (Northbound and/or Southbound direction):  This appeared to be an ideal 

site from the traffic demand, active bottleneck, variations in congestion patterns, and data 

availability criteria.  However, scheduled construction projects would have very likely impacted 

traffic demands/patterns during the RM project Before/After data collection efforts, severely 

compromising the studyôs findings. 

 

District 3 Sacramento 

¶ SR-99 Northbound: Only nominal congestion was observed outside of the AM and PM peak 

periods and almost no congestion observed on weekends, otherwise good candidate site. 

¶ SR-51 Northbound (Business 80): The upstream demand at this site originates from upstream 

(south) of the Business 80/US-50/SR-99 interchange.  Controlling the metering and monitoring 

(upstream) on-ramps from these three freeways (SR-99 south of the interchange; US-50 east of the 

interchange; and US-50 west of the interchange) would be difficult at best.  Also, there is an 

ongoing safety project north of Arden Way to widen the inside shoulder and add a concrete barrier. 

¶ SR-51 Southbound (Business 80): The on-Ramps at two high volume locations (Arden Way and 

Marconi Avenue) do not contain ramp metering equipment.  Without being able to meter the traffic 

at these two ramps, the benefits of the demonstration project would have been significantly 

restricted.  Otherwise this would have been a good candidate site. 

 

District 4 Bay Area 

¶ US-101 Southbound (San Mateo US-101 Smart Corridor): From a geometric perspective and when 

looking at the traffic demands, bottlenecks and congestion patterns, the US-101 Southbound 

corridor in San Mateo County was a very acceptable candidate.  Ramp metering equipment was 

installed an operational at most on-ramp locations although not all on-ramps were metered.  PeMS 

data availability and quality were acceptable, although not available at all on-ramps, and not 

available for the off-ramps.  INRIX data were also available to UC Berkeley and Caltrans for 

project within the 9 county Bay Area.   

¶ US-101 Northbound (San Mateo US-101 Smart Corridor): From a geometric criteria, and from a 

data quality/availability perspective, the US-101 Northbound matched the US-101 Southbound and 

was a good candidate site.  The US-101 Northbound traffic demands produced more congestion 

during the midday of an average workday and on weekends than was observed on US-101 in the 

southbound direction.  As such, the US-101 Northbound was selected as the most promising 

candidate site for the ramp metering demonstration project. 
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At the completion of the site selection process, the US-101 Northbound (San Mateo US-101 Smart 

Corridor) prevailed as the most promising demonstration site.   

Subsequently, meetings in San Mateo County were held with the research team, Caltrans HQ and District 

4 engineers, and SMCCAG staff to discuss using the US-101 Smart Corridor as a test site for this freeway 

corridor ramp metering demonstration project.  Follow up meetings were held with the research team, 

District 4 Caltrans, SMCCAG staff, and with the US-101 San Mateo Smart Corridor partner agencies to 

discuss stakeholder concerns regarding using the corridor for this ramp metering demonstration project.  

 

2.2 The Selected Site ï US-101 Northbound in San Mateo County 

The demonstration site selected was roughly an 8.5 mile section of the US-101 (Northbound) corridor in 

San Mateo County, California.  The US-101 demonstration site extended from just upstream (south of) the 

Woodside Road interchange in Redwood City to just downstream (north of) the East 3rd / 4th Avenue 

interchange in San Mateo.  US-101 Northbound throughout the demonstration site has 4 continuous through 

lanes, with an occasional auxiliary lane.  South of Whipple Avenue, one of the continuous through lanes is 

designated as an HOV only lane.  The demonstration site contained two regularly active recurrent active 

bottlenecks and their associated queues.  Weekday AM peak congestion is regularly observed between the 

SR-92 on-ramps and the 3rd/4th Avenue interchange, and between the E. Hillsdale Boulevard on-ramps 

and the SR-92 off-ramps.   

The demonstration site contained two regularly active recurrent active bottlenecks and their associated 

queues.  Weekday AM peak congestion is frequently observed between the SR-92 on-ramps and the 3rd/4th 

Avenue interchange.  A second area of congestion is the weaving section between the E. Hillsdale on-ramps 

and the SR-92 off-ramps.   

 

 

Figure 2.01: US-101 Corridor in San Mateo County 
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CHAPTER 3 

EMPIRICAL STUDY AT SELECTED SITE  

 

The second task (Empirical Study at Selected Site) entailed a large-scale data collection and analysis of the 

test siteôs traffic data.  For this task, data from loop detectors were augmented as needed with traffic 

measurements from other sources (Caltrans published traffic data, INRIX Analytics, Caltrans Ramp 

Metering plans, and unpublished traffic data from Caltrans District 4). 

These data and time periods evaluated included time periods (i.e., the peak periods across several weekdays) 

with time-varying: arrival flows and demands at all on-ramps and the upstream-most freeway link; exit 

flows via all off-ramps and the freewayôs downstream-most bottleneck; and the flows, detector occupancies 

and average speeds all along the freeway stretch.  The data were collected over multiple days during periods 

that span each rush to assure that the overall demand and performance characteristics of the selected site 

were appropriately measured and reported. 

 

3.1 Ramp Metering Control Strategies on US-101 

Caltrans and its project partners City County Association of Governments of San Mateo County (C/CAG), 

and Metropolitan Transportation Commission (MTC) are working together on improving operations on 

U.S. Route 101 in San Mateo County.  In November of 2013, northbound ramp meters were turned on along 

Highway 101 from SR 92 to the San Francisco County Line.  In May of 2014, southbound ramp meters 

were turned on from SR 92 to the San Francisco County Line. Currently, the ramp meters are operated 

during weekday peak hours:  

¶ Northbound Monday through Friday from 6:00am-10:00am and 3:00pm-8:00pm.  

¶ Southbound Monday through Friday from 6:00am-10:00am and 2:30pm-8:00pm. 

The US-101 on-ramp meters, on the following 7 Holidays (if these holidays fall on a weekday), are set to 

rest in green during normal weekday metering hours (New Yearôs Day, Memorial Day, Independence Day 

(July 4th), Labor Day, Thanksgiving Day, Day After Thanksgiving, and Christmas Day). 

A complete listing of the Caltrans District 4 active ramp meter locations for US-101 in San Mateo County 

has been included in Appendix A of this report. 

 

3.2 Data Sources for the Empirical Evaluation  

Caltrans PeMS and INRIX websites were fundamental data sources, providing corridor travel times, 

vehicular speeds, and other performance metrics (like vehicle miles of travel (VMT), vehicle hours of travel 

(VHT), and vehicular delays).  Additional published Caltrans traffic data were obtained from the Caltrans 

Divisions of Traffic Operations website.  Collision and freeway incident data were obtained from the 

Transportation Injury Mapping System (TIMS) website and from the Caltrans PeMS website. 

Caltrans PeMS: PeMS collects data in real-time from over 39,000 individual detectors spanning the 

freeway system across all major metropolitan areas of the state of California. PeMS is also an Archived 

Data User Service (ADUS) that provides over ten years of data for historical analysis.  It integrates a wide 

variety of information from Caltrans and other local agency systems including: 

Å   Traffic Detectors    Å   Census Traffic Counts 

Å   Incidents     Å   Vehicle Classification 

Å   Lane Closures    Å   Weight-In-Motion  

Å   Toll Tags     Å   Roadway Inventory 
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The Caltrans PeMS website was used to provide stationary point traffic volume, average traffic speed and 

traffic delay data for the I-80 mainline facility.  The Caltrans PeMS website also collects and makes 

available Caltrans Traffic Accident and Surveillance Analysis System (TASAS) data for users with a 

Caltrans account, and CHP reported freeway incident data. 

INRIX Analytics:  The INRIX website provides historical and real-time traffic information, travel times 

and travel time information to public agencies, businesses and individuals.  To do this, INRIX collects 

trillions of bytes of information about roadway speeds from nearly 100 million anonymous mobile phones, 

trucks, delivery vans, and other fleet vehicles equipped with GPS locator devices.  The data is processed in 

real-time, creating traffic speed information for major freeways, highways and arterials across North 

America, as well as much of Europe, South America, and Africa.  INRIX ñAnalyticsò and INRIX ñUser 

Delay Cost Analysisò modules were used to provide traffic delay (congestion) and corridor travel time 

measures for preselected segments of the I-80 freeway and San Pablo Avenue (arterial) corridors. 

Transportat ion Injury Mapping System (TIMS): The TIMS website was developed by researchers at 

the Safe Transportation Research and Education Center (SafeTREC) at the University of California, 

Berkeley to provide data and mapping analysis tools and information for traffic safety related research, 

policy and planning.  SafeTREC began assessing the usage of the California Statewide Integrated Traffic 

Records System (SWITRS) by state and local agencies in 2003 on a project funded by the California Office 

of Traffic Safety (OTS).  Grants from OTS allowed SafeTREC to develop a geocoding methodology and 

apply it to SWITRS data statewide.  In order to distribute the geocoded SWITRS data, a web-based data 

query and download application was developed with the ability to display pin maps in Google Maps.  A 

second application was designed to provide a more map-centric experience with other types of data layers 

and spatial analysis capabilities typically seen in a Geographic Information System (GIS).  The TIMS 

concept was subsequently formed to give these applications a common foundation and provide a framework 

for continued development in the future.  

 

3.3 Traffic Demands ï US-101 Northbound 

Demand data in the form of 5-minute vehicle count (speed and detector occupancy) data and VMT data 

were downloaded from Caltrans PeMS database for the Vehicle Detector Stations (VDS) along the US-101 

test site.  Additionally, published Caltrans count data were obtained for comparative purposes and to 

provide vehicle classification and vehicle occupancy information.  At a few specific locations, vehicle 

demands were interpolated where actual count data were not available.  Freeway mainline volumes, on and 

off-ramp volumes and the observed traffic and congestion patterns are presented in the following tables and 

figures. 
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Table 3.01: Average Daily Traffic (ADT)  on US-101 Mainline Freeway Segments  

Post 
Mile 

US-101 Location 
Description 

Vehicle 
AADT 
Total 

Truck 
AADT 
Total 

Truck 
Pct. 

Total 
Veh. 

Truck 
2 Axle 

Truck 
3 Axle 

Truck 
4 Axle 

Truck 
5+ 

Axle 

5.385 
REDWOOD CITY,  
JCT. ROUTE. 84 

217,000 9,765 4.50 % 5,654 999 311 2,801 

5.385 
REDWOOD CITY,  
JCT. ROUTE. 84 

210,000 9,450 4.50 % 5,672 1,418 292 2,068 

6.623 
REDWOOD CITY,  
WHIPPLE 

222,000 10,856 4.89 % 6,647 1,288 513 2,408 

11.895 
SAN MATEO,  
JCT. ROUTE. 92 

231,000 7,462 3.23 % 4,386 728 287 2,061 

11.895 
SAN MATEO,  
JCT. ROUTE. 92 

263,000 9,178 3.49 % 5,271 1,008 186 2,713 

13.461 
SAN MATEO,  
THIRD AVE 

263,000 10,020 3.81 % 6,169 877 491 2,483 

13.461 
SAN MATEO,  
THIRD AVE 

260,000 11,491 4.42 % 6,802 1,072 615 3,002 

Average (Count) 238,000 9,746  5,800 1,056 385 2,505 

Average (Percent)  4.09 %  2.44 % 0.44 % 0.16 % 1.05 % 

Source: Caltrans (http://traffic -ŎƻǳƴǘǎΦŘƻǘΦŎŀΦƎƻǾκǊŀƳǇǾƻƭǳƳŜǎнлмпΦƘǘƳύ άнлмп¢ǊǳŎƪΦȄƭǎȄέ 
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Table 3.02: Average Daily Traffic (ADT)  on US-101 On-Ramps  

Caltrans 
Post Mile 

US-101 On-Ramp Description 
2010 
ADT 

2013 
ADT 

13.624 101 NB ON FROM E.3RD\4TH AVE 5,100 11,900 

13.565 SEG 101 NB ON FROM EB 3RD AVE 8,800 9,300 

13.564 101 NB ON FROM WB E.3RD AVE 13,900 4,500 

12.724 101 NB ON FROM KEHOE AVE 2,700 2,550 

12.302 101 NB ON FROM WB 92 31,500 26,870 

12.175 101 NB ON FROM EB 92 10,200 8,700 

12.034 101 NB ON FROM FASHION ISLAND BLVD 4,550 3,880 

11.354 101 NB ON FROM WB HILLSDALE 9,030 7,700 

11.170 101 NB ON FROM EB HILLSDALE 9,600 9,100 

9.694 101 NB ON FROM WB MARINE WR PK 8,500 6,500 

9.693 101 NB ON FROM EB MARINE WR PK 9,400 9,500 

8.619 101 NB ON FROM HOLLY ST 17,600 12,300 

8.537 SEG 101 NB ON FROM WB HOLLY ST 4,300 3,000 

8.536 SEG 101 NB ON FROM EB HOLLY ST 12,600 9,200 

6.666 101 NB ON FROM WB WHIPPLE AVE 780 710 

6.594 101 NB ON FROM EB WHIPPLE AVE 15,500 11,100 

5.474 101 NB ON FROM SB 84\WOODSIDE 3,500 3,850 

5.334 101 NB ON FROM 101 NB 84\WOODSIDE 13,400 13,700 

Data Sources: 

X,XXX   Caltrans (http://traffic-counts.dot.ca.gov/rampvolumes2014.htm) 

X,XXX   Estimated by UC Berkeley (not included in Caltrans publication) 
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Table 3.03: Average Daily Traffic (ADT)  on US-101 Off -Ramps  

Caltrans 
Post 
Mile 

US-101 Off-Ramp Description 
2010 
ADT 

2013 
ADT 

14.074 NB OFF TO DORE AVE 5,100 3,700 

13.385 SEG NB OFF TO EB 3RD AVE 2,750 2,700 

13.384 SEG NB OFF TO WB 3RD AVE 11,900 12,700 

13.324 NB OFF TO E.3RD\4TH AVE 14,500 15,200 

12.616 NB OFF TO KEHOE AVE 4,000 3,100 

12.366 NB OFF TO EB 92 17,100 16,900 

12.090 NB OFF TO WB 92 15,200 15,020 

11.584 NB OFF TO ROUTE 92 32,000 31,630 

10.914 NB OFF TO HILLSDALE BL 18,200 17,990 

9.414 SEG NB OFF TO EB MARINE PKW 10,300 10,180 

9.294 NB OFF TO MARINE WORLD PKW 10,500 9,000 

8.286 SEG NB OFF TO EB HOLLY 7,600 7,900 

8.284 SEG NB OFF TO WB HOLLY 6,300 6,800 

8.171 NB OFF TO HOLLY 14,900 14,500 

6.475 NB OFF TO WHIPPLE AVE 11,200 9,200 

5.244 SEG NB OFF TO SB 84 16,800 17,100 

5.124 NB OFF TO 84\WOODSIDE 18,400 20,600 

Data Sources: 

X,XXX   Caltrans (http://traffic-counts.dot.ca.gov/rampvolumes2014.htm) 

X,XXX   Estimated by UC Berkeley (not included in Caltrans publication) 
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Figure 3.01:  Mainline Hourly Traffic Volumes and Speeds (Average Weekday)  

PeMS Detector Station: 405827, ñAt Kehoe Ave Off-Rampò 
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Figure 3.02:  Mainline Hourly Traffic Volumes and Speeds (Average Weekday)  

PeMS Detector Station: 405859, ñAt WB 92/Fashion Island Blvdò 
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Figure 3.03:  Mainline Hourly Traffic Volumes and Speeds (Average Weekday)  

PeMS Detector Station: 401832, ñAt Holly Street Diagonal On-Rampò 


