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0.Executive Summary 

Los Angeles has a complex multimodal transportation infrastructure, which includes, 
light rail and subway lines, bus lines, and an extensive freeway and road system. While 
transportation system provides several travel mode alternatives for commuters, this paper 
presents an assessment of the public transit services in a term of the congestion relief. This 
paper outlines a methodology developed to estimate the traffic congestion relief impact of public 
transit. An aggregated forecast model is used to predict congestion relief consequent on the 
road system and GIS mapping is used to illustrate the research results. The findings indicate the 
public transit service withdrawal has less impact on the outer suburbs of Los Angles. By 
contrast, it seems the Inner suburb and the areas buffer around Metro Lines are strongly 
affected. South Los Angles, Downtown, Korea Town, and Westlake are the areas with the 
highest share of mode shift to walk or bike. 8% of public transit riders are going to walk which 
increases the total number of people who walk to work by 19% (24,000) and only 3% of public 
transit users are going mode shift to bicycle. Also, the ratio of mode shift to car varies 
considerably by census tract and it is going to add around 267 thousand trips to the roads when 
76% and 24% of commuters will drive alone and carpool; respectively. In total 89% of public 
transit users will choose to drive in the lack of public transportation.  
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1.Introduction 

The transportation system has evolved over the years from a simple network of streets 
to more complex configuration which serves different purposes. At the early days, the influence 
of daily trips was insignificant on the network performance so, the transportation system was 
designed to accommodate a higher number of automobile users who were the primary 
beneficiary of the services. As the number of vehicles on the network in metropolitan areas 
grow, congestion has an increasing direct effect on commuters. Congestion becomes a 
significant issue in the daily lives of commuters, especially those living in big cities. Also, the 
influence of congestion extends through increased fuel consumption, delay, accidents, and air 
pollution. To reduce the effect of traffic congestion, public transport offers a method of 
increasing person throughput. It has been proven to maximize the system throughput and to 
utilize the transportation infrastructure in the best way possible. Resulting in changes of trip 
making by automobile to transit, congestion relief impacts are considered as one of the 
significant benefits for providing public transit services in populated cities.  

The city of Los Angeles has a complex multimodal transportation infrastructure, which 
includes, light rail and subway lines, bus lines, and an extensive freeway and road system. 
Nonetheless, People in Los Angeles favor and rely on personal vehicle as the dominant mode 
of transportation. Although Los Angeles Metro has built six metro rail lines that serve a 
substantial part of Los Angeles, assessing the effectiveness of the existing public transit system, 
particularly regarding congestion relief, still a challenge. Road traffic congestion is a major urban 
transport problem and the increase in demand for travel has compounded the problem. Indeed, 
there has been limited research on the congestion relief resultant from public transit which can 
help the transit management authorities to seek long-term plan in changing the transportation 
structure of the city and impose the need of efficient public transport which can be one of the 
potential solutions to the problem of road traffic congestion.  

This paper presents an assessment of the public transit services in a term of the 
congestion relief. This paper outlines a methodology developed to estimate the traffic 
congestion relief impact of public transit. An aggregated forecast model is used to predict 
congestion relief consequent on the road system. Also, multiple performance measures that 
reflect many aspects of traffic congestion are selected from existing methods to present the 
impact of public transit on reducing traffic congestion. GIS is used to illustrate the research 
results. This paper is structured as follows: the next section outlines public transit congestion 
relief benefits and literature review for measuring congestion relief. This is followed by a 
description of the study methodology, and mode shift associated with it.  The results are then 
presented. The paper concludes with a summary and an outline of areas for further research. 
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2. Background  
Congestion can be exacerbated during periods when transportation services are 

disrupted, as occurred from October 14 to November 17, 2003, in Los Angeles County. Two 
thousand two hundred mechanics walked off the job at the Metropolitan Transportation Authority 
(MTA) and were joined by 6000 bus drivers, rail operators, and other workers, halting 1900 
buses, as well as light-rail and subway lines. It was the second transit strike in three years in 
Los Angeles and the fourth since 1982. Lo and Hall have assessed the impact of public transit 
strikes on traffic congestion that took place in Los Angeles over a 35-day period in October and 
November 2003. Traffic conditions during the strike were measured to understand how public 
transit affects congestion experienced by car drivers. They found that average traffic speeds on 
highways during transit strike declined by up to 20% over the 17- hour period from 5:00 a.m. to 
10:00 p.m. on weekdays. Also, speed dropped by as much as 40% during the peak morning 
hour from 7:00 to 8:00 a.m., and the average length of the rush expanded by as much as 200% 
(Lo, 2006). On the other hand, Michael L. Anderson examined in 2013 whether public transit 
strikes generate more congestion impact than earlier estimates using a choice model and data 
from the strike in 2003 by MTA workers. A regression discontinuity design was used to calculate 
the travel delay when transit service ceases. He found that the average highway delay can 
increase up to 47% during peak hours if the public transit is not available (Anderson, 2013). The 
finds showed higher impact than the earlier estimates so that the net benefits of transit systems 
appear to be much larger than previously believed. 

Furthermore, the annual urban mobility report from the Texas Transportation Institute 
illustrated strategies that can help reduce congestion in Large urban areas.  The report 
proposed several widely implemented congestion solutions and explored the effect it revealed 
on saving road travel time for 498 urban areas in America. In fact, regular-route public 
transportation service on buses and trains provides a significant amount of peak-period travel in 
the most congested corridors and urban areas in the U.S. If public transportation service had 
been discontinued and the riders traveled in private vehicles in 2011, the 498 urban areas would 
have suffered an additional 865 million hours of delay and consumed 450 million more gallons 
of fuel. The value of the added travel delay and fuel that would have been consumed if there 
were no public transportation service would be an additional $20.8 billion, a 15% increase over 
current congestion costs in the 498 urban areas (Schrank, 2012).  

These studies are based on the fundamental assumption in which all public transport 
users switch to private vehicles when the public services do not exist. These methodologies 
might be considered limited or simplistic because there are still many alternative travel modes 
such as walking or biking that public transit users can choose other than a personal car. Also, 
there is a large percentage of public transit riders who do not own vehicle or driving licenses so 
only a portion of public transit users can shift to use cars in the condition where public transits 
service is not available. 
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2.1. Los Angeles’s public transportation system  

Metro (the Los Angeles County Metropolitan Transportation Authority) serves as 
transportation planner and coordinator, designer, builder and operator for public transit services 
in Los Angeles County which has many populous counties. More than 9.6 million people – 
nearly one-third of California’s residents – live, work, and play within its 1,479 -square-mile 
service area. The public transportation network composes of metro rail and bus network. The 
Metro Rail network covers 98 miles of service and consists of two subway lines, four light-rail 
lines which serve 93 stations. Also, Metro operates about 200 bus lines with 13,978 bus stops 
across the city. Overall, according to Metro rideshare statistics, the bus and rail network carries 
over 31,548,054 trips on a monthly basis. 

2.2. Spatial unit of analysis 

The census tract boundary maps for Los Angeles County are the base unit of analysis 
used in this study. There are 2346 census tracts in Los Angeles which made up of Block 
Groups, and Blocks. Each census tract provides information about commuters such as travel 
choice mode, income, and travel time to work.  All data were obtained from 2012-2016 
American Community Survey. 

This research paper adds to the overall analytical process utilized by ACS (2016) but 
adopts a new method for varying the share of public transit users who shift to car or other 
modes. This method is based on logit model that consider location and travel behaviors related 
public transport users.  

3. Study Methodology 
This section describes the methodology developed to estimate the impact of public 

transit mode withdrawal on traffic congestion. The method used to estimate mode shift to other 
means of transportation. This research adapts a logit model assuming that public users choose 
to drive, bike, or walk to work. While the user who choose to drive, can drive alone, or carpool. 
The diversion to car when each public transit ceases would have an impact on traffic 
congestion. It is clear that the mode shift to a car as a driver would directly increase the number 
of car trips on the road network (diversion to walking or cycling is not considered to directly 
influence congestion). However, in the case of switching to a car as a passenger(carpooling), it 
can have less impact on traffic congestion. 

3.1. Predictor factors affecting the ratio of PT user mode shift 

There are several behavioral factors that can affect the proportion of public transit 
travelers switching another mode of transportation. While the method clusters the commuters 
based on the geographical classification, the decision maker tends to maximize his utility 
function which can consider several attribute values such as median household income, travel 
time to work, car availability in the household and number of users for each mode. The first 
approach for this paper was to design a discrete choice model that is based on the theory of 
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stochastic utility whereby a choice is made by a decision maker to maximize a utility function. 
Indeed, the systematic utility is a combination of two types of explanatory variables socio-
demographic characteristics of the individual; and alternative attributes.  Therefore, the utility 
function specification is essential in discrete choice modeling and designing a utility function for 
each of the alternatives that can translate better decision makers behavior is significantly 
important. The problem with this approach is it requires a substantial amount of commuter’s 
data such as commuting time, driver license availability for individuals in each study area and 
it’s extremely hard to implement for such a big county like Los Angles.  

Instead, we used a different technique to predict the mode choice for each census tracts, 
assuming the individuals who live in each census tract shares the same utility function. Since 
the size of the commuters for each study area is known, and their mode choice in the existence 
of public transit is determined, we can assume the commuters who share certain alternative 
have the same aggregated utility. Thus, we may write the probability that an individual in a 
census track chooses an alternative i as P(i|X), where X is defined as the vector of all the 
attributes affecting the choice. In other words, the increase in the number of commuters who 
use alternative i will lead to increase the likelihood of using this alternative. For instance, if there 
are 100 commuters located at the same geographic zone and 50, 30, 20 tend to drive, use 
public transit, and other means (bike or walk); respectively. The probability to drive at the 
existence of public transit is 50%. By taking the same approach, we can obtain the probability 
for each one of the alternatives. 

In the absence of public transit services, we run a binary choice model where the 
probability for two alternatives (drive or other means) is determined. Assuming the public transit 
users will switch to drive, and the remaining will choose to walk or bike. Because people who 
live in Los Angeles have a high tendency to drive their cars, the assumption helps to encounter 
the small percentage of people who are going to choose other alternatives. Since we know the 
probability for using the public transit, we can use it to readjust the likelihood for the other 
alternatives that we obtained when public transit alternative was viable. We can obtain the 
added value to driving alternative by 
multiplying the probability of using public 
transit to the probability of driving, and the 
remaining of the factor should be used to 
readjust the other means alternatives. 
The above example shows the probability 
to use public transit is 30% so the 
adjustment factor for using car is 15%. By 
adding this factor to the probability to 
drive at the existence of public transit, the 
likelihood to drive in the absence of public 
transit services is 65% and 35% for other 
means. After that, we use the same 
technique to determine the probability to 
walk or bike.   

Public Transit User

other means

WalkBike

Car

Drive AloneCarpool
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4. Mapping the impact of public transit 

mode withdrawal 
Using ArcGIS, we are able to map the public 

user’s mode choice by comparing the trip number for 
each mode with and without public transit services. 
While the census tract boundary maps for Los 
Angeles County are the base unit of analysis used in 
this study and it’s about 2346 census tracts, the 
maps focus only on the metropolitan regions that 
include metro area or commuter belt which served 
by bus rapid transit (BRT). The findings are divided 
into three parts. Figure 1 shows the percentage 
change in car use due to public transit travelers who 
shift to individual cars if public transit is removed. 
Because commuters have a high tendency to drive, 
even in the existence of public transit, compared to 
using public services, legend breakpoints have 
narrow margin. In contrast, figure 2 & 3 which 
illustrate a considerable change of mode shift to 
bicycle and walk have larger breakpoints since the 
volume of other modes trips is relatively small.  

FIGURE 1 : THE PERCENTAGE CHANGE IN COMMUTERS 
WHO USE CARS  

FIGURE 2: THE PERCENTAGE CHANGE IN COMMUTERS 
WHO USE BIKE  FIGURE 3: THE PERCENTAGE CHANGE IN COMMUTERS 

WHO WALK TO WORK 
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5. Results and Conclusion 
Los Angeles is the second-most populous city in the United States with an estimated population 
of 4.5 million who uses different modes of transportation. Since 6% of the workforce works from 
home, the city has to manage and facilitate millions of daily trips. Four million commuters use 
the transportation network for the city every day and only 3% and 1% walk or bike to work; 
respectively. Most of these trips are carried by the road network when 89% of the commuters 
prefer to use their vehicles, and 77% tend to drive alone which put Los Angeles region on the 
top list of areas with the worst traffic congestion for the sixth year in a row, according to a report 
by INRIX. Even though Los Angeles’s public transportation system has improved over the past 
years, it’s used only by 7% of the commuters, and the system utilizes about 300 thousand trips 
every day. The low utilization of public transit services can be attributed to the improve in the 
economy which allowed more people to buy cars and avoid using transit. However, the small 
percentage of use relieves some of the pressure on the road network and the ease of public 
transportation services can have a significant impact.  

Figure 1, 2, and 3 present the percentage of increase in the daily trips for other modes if 
public transit is removed from each of Los Angeles. The ratio of mode shift to car varies 
considerably while the increase can reach up to 850 trips in some of the census tract. However, 
on average there are 113 commuters shift to drive per census tract. On the other hand, the 
percentage of commuters who shift to bike is relatively small, and the ratio ranges from 6 to 92 
added trips. While the increase in public transit users who mode shift to walk slightly higher, and 
it can rise to 331 trips. All in all, there is a considerable contrast in the ratio of mode shift, and it 
can be interpreted as the following:  

• The public transit service withdrawal has less impact on the outer suburbs of Los 
Angles. By contrast, it seems the Inner suburb and the areas buffer around Metro 
Lines are strongly affected.  

• South Los Angles, Downtown, Korea Town, and Westlake are the areas with the 
highest share of mode shift to walk or bike which figure 2 & 3 illustrate.  

• The ratio of mode shift to car varies considerably by census tract as shown on 
figure1. In total 89% of public transit users divert to cars. 

• Shifting to a car is going to add around 267 thousand trips to the roads when 76% 
and 24% of commuters will drive alone and carpool; respectively. 

• 8% of public transit riders are going to walk which increases the total number of 
people who walk to work by 19% (24,000). 

•  Only 3% of public transit users are going mode shift to bicycle. 

In conclusion, the congestion relief impact of public transit is significant in congested 
inner areas, and commuters in these areas have a high tendency to use other active modes of 
transportation if it’s available. So that, the city has to improve the transportation infrastructure to 
more bike lanes, sidewalk, and sustainable designs to encourage active modes of transportation 
in densely populated areas. Also, to understand the total effects of public transit on traffic 
congestion it will be necessary to congregate the results from the spatial distribution of mode 
choice into traffic analysis zone (taz) for the analysis of congestion level. By applying the 
expand in the number of car trips when public transit is removed, we can study the additional 
network flow and the total delay on the network.   



 
10       

 

6. References 

Aftabuzzaman, Md, Graham Currie, and Majid Sarvi. "Evaluating the Congestion Relief Impacts 
of Public Transport in Monetary Terms." Journal of Public Transportation 13, no. 1 (2010): 
1-24. doi:10.5038/2375-0901.13.1.1.  

Anderson, Michael. "Subways, Strikes, and Slowdowns: The Impacts of Public Transit on 
Traffic Congestion." 2013. doi:10.3386/w18757. 

Lo, Shih-Che, and Randolph W. Hall. "Effects of the Los Angeles Transit Strike on Highway 
Congestion." Transportation Research Part A: Policy and Practice 40, no. 10 (2006): 903-
17. doi:10.1016/j.tra.2006.03.001. 

Nguyen-Phuoc, D., Currie, G., De Gruyter, C., & Young, W. (n.d.). Exploring the impact of 
public transport strikes on travel behavior and traffic congestion. International Journal of 
Sustainable Transportation, 12(8), 613–623. 
https://doi.org/10.1080/15568318.2017.1419322 

Nguyen, Currie, and Young. "Public Transport Congestion Relief Measurement: A New 
Framework and Its Impacts." Home - Transport Research International Documentation - 
TRID. August 31, 2015. Accessed October 10, 2018. https://trid.trb.org/view/13951 

Schrank, David, Bill Eisele, and Tim Lomax. "TTI’s 2012 URBAN MOBILITY REPORT." Texas 
A&M Transportation Institute The Texas A&M University System, December 2012. 
https://www.pagregion.com/Portals/0/documents/HumanServices/2012MobilityReport.pdf. 

  



 
11       

 

7. Appendix 

 

 THE PERCENTAGE INCREASE IN COMMUTERS WHO WOULD USE CARS IF THE 
PUBLIC TRANSIT SERVICE WERE TO CEASE  



 
12       

 

 
  

 THE PERCENTAGE INCREASE IN COMMUTERS WHO WOULD DRIVE ALONE IF THE 
PUBLIC TRANSIT SERVICE WERE TO CEASE  
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 THE PERCENTAGE INCREASE IN COMMUTERS WHO WOULD CARPOOL IF THE 
PUBLIC TRANSIT SERVICE WERE TO CEASE  
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 THE PERCENTAGE INCREASE IN COMMUTERS WHO WOULD BIKE IF THE PUBLIC 
TRANSIT SERVICE WERE TO CEASE  
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 THE PERCENTAGE INCREASE IN COMMUTERS WHO WOULD WALK IF THE 
PUBLIC TRANSIT SERVICE WERE TO CEASE  


