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ABSTRACT 
 
The Chicago Transit Authority is the second largest transit agency in the US, and the 
CTA’s rail transit division currently serves nearly half of the rides in the system. The 
system is adaptable to changes in population and ridership demand: most lines can be 
run either across the original Loop ‘L’ elevated lines, or through the mid-20th Century-
era subways, with the additional option for lines on the Loop of either running back to 
their originating terminal or through the downtown to a terminal elsewhere in the 
system. Ridership has grown significantly in recent decades but the current route 
structure is not optimized for current demand, leading to portions of the system which 
are underutilized and others which are overburdened and congested. 
 
As ridership has grown, congestion has increased on certain portions of the system, 
especially on the Loop, where up to 35 trains per hour are run on certain line segments. 
Yet in the subways below, some tracks see as few as 10 trains per hour during the 
same time period. This research will investigate means of reducing this congestion and 
improve service, and analyze and recommend several routing alternatives which would 
reallocate some resources from the Loop ‘L’ to the subways, reducing congestion on 
the Loop while maintaining or increasing overall throughput through the downtown 
area. While long-term growth may require additional capital resources, this research 
proposes low-cost operational changes which will not require significant new 
structures, stations, yards or equipment outlay. 
 
The analysis breaks down current passenger use to estimate the travel time impacts of 
various alternatives for passengers and the potential to draw new ridership to the 
system, the operational impacts (congestion and delay reduction, yard operations, 
safety, etc.) and cost to the agency, and how these changes may be piloted, 
implemented and further evaluated in concert with the agency’s planned capital 
improvements to keep pace with growing demand at peak times. 
 



	 4	

The results of this research show that there are benefits to both congestion and 
passenger travel from running less service all the way around the elevated Loop and 
adding more thru-routing service patterns. Congestion is reduced by removing some 
trains from the most congested portions of the elevated structure and reallocating 
them to existing capacity in the subway. Passengers benefit as fewer transfers are 
required between lines, and more locations are accessible via direct, one-seat rides. 
While this represents a significant departure in route structure from the current Loop 
operation, where four of the five lines operating on the Loop make a full circuit and 
return to their original terminal, there are measurable benefits for both passengers and 
operations. 
 
Thesis Supervisor: Jinhua Zhao 
Title: Edward H. and Joyce Linde Associate Professor of Transportation and City 
Planning 
 
Thesis Supervisor: John P. Attanucci 
Title: Research Associate, Center for Transportation and Logistics 
 
Thesis Supervisor: Frederick P. Salvucci 
Title: Senior Lecturer, Center for Transportation and Logistics 
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Chapter 1    Introduction 
 
The backbone of the transportation networks in the United States’ largest cities are 
their heavy rail passenger transportation systems. The legacy rail transit systems in 
New York, Chicago, Boston and Philadelphia, and the newer large systems in 
Washington, D.C., San Francisco, and a few smaller systems provide the plurality of 
transit passenger miles traveled in the country, more than all bus systems combined 
(NTD, 2016). In these cities, there are as many people in underground tunnels and 
elevated structures as the highways, streets and transit systems on the surface. Urban 
transportation in Boston, New York, Chicago and Philadelphia followed a similar 
trajectory in the late 1800s and early 1900s, starting with streetcars and, as roads 
became more congested, moving on to build elevated railroads and then subways. 
While the streetcar networks have been mostly replaced by buses, and some elevated 
tracks have been torn down, the existing subway and elevated networks, and the 
surface portions of the heavy rail systems which feed them, continue to provide 
transportation to hundreds of thousands of passengers in these cities each day.  
 
Transit networks support population density far beyond what would be possible with 
an auto-centric city (Zupan and Pushkarev, 1977), see Figure 1-1. Heavy rail networks, 
in particular, are far more space-efficient at moving people (a heavy rail system can 
move as many people in a single train as a lane of single-occupancy vehicles on a 
highway moves in an hour, so a heavily-used subway or elevated line can move more 
people with two tracks than even the widest freeways). They additionally benefit cities 
by bringing people to the core without cars, reducing congestion on both regional 
highways and city streets and minimizing the need for parking. By providing this level 
of access, heavy rail transit supports the base of the economy in most of the country’s 
largest cities and most vibrant economies. The agglomeration benefits the diversity of 
urban economic activities which depend on the high density of activity and 
accessibility unique to that provided by high-capacity rail systems. 
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Figure 1-1: Pushkarev and Zupan (1977, page 38), showing density of trip ends in downtown 
areas. 

As downtowns have been revitalized in recent decades, peak period transit use has 
grown, and these systems have become burdened by the increased crowding and train 
congestion as patronage has increased. With lengthy planning, engineering, financial 
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and construction considerations required to add entirely new downtown subway lines, 
rail operators have had to find new means to increase passenger capacity in the short 
term. The scope of this research is to use the Chicago CTA ‘L’ system1 as a case study 
to analyze alternative operating scenarios which will be able to increase the CTA’s 
capacity while longer-term expansion plans are considered.  
 

1.1   Strategies for Increasing Legacy Rail System Capacity 
 
Patronage on the legacy heavy rail systems increased rapidly during the first decades 
of the 20th century, as the networks were built out, and especially as motor vehicles 
crowded inner city roadways making surface options less rapid. In many cities, the 
heavy rail systems and streetcar systems were direct competitors (in the case of New 
York, there were several competing heavy rail systems), and the additional street traffic 
provided a distinct advantage for the heavy rail systems, which were mostly immune to 
the traffic above and below. Ridership flattened during the Great Depression, spiked 
during World War II, and then fell after the war, when government policies encouraged 
suburban housing, offices and highway construction. For several decades starting in 
the late 1940s, heavy rail systems lost ridership as highways were built in and out of 
(and often through) cities and, with cheap parking and relatively low traffic volumes, 
suburban development pulled economic activity out of central cities. 
 
Since the 1970s, ridership on these systems has generally risen. In the 1980s, there 
was still significant underutilized rail capacity into and out of cities: there was some 
congestion on highways and trains, but generally only for short periods at peak times. 
Since then, cities have grown, in both population and employment, while urban 
highway capacity and rail networks have not. Highways have finite capacity, and in 
cities with legacy rail networks, traffic congestion has increased significantly as 
highways have been pushed towards capacity (the throughput of traffic on highways 
follows a non-linear relationship with regard to demand, so adding a small amount of 
traffic to a near-capacity system can increase congestion and reduce capacity 
significantly). Increasing capacity of the highway system in cities is generally not viable, 
both politically and financially. 
 
The capacity of existing rail networks, however, can be increased; and in many cases, 
it already has. There are several strategies to increase the throughput on older rail 
networks, several of which have been implemented on the older systems in the United 
States. These include: 
 

                                                
1	Note	that	the	CTA’s	rail	system	is	universally	referred	to	as	“The	‘L’”,	including	portions	which	
run	at-grade	or	in	subways.	This	naming	convention	will	be	used	in	this	research,	and	
references	to	specific	portions	of	elevated	line,	like	the	“Loop	‘L’”	or	“Lake	‘L’”	will	be	referred	
to	as	such.	
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Increasing the number and size of railcars on each train. The operational difference 
between shorter and longer trains is generally minimal (although not necessarily 
negligible; a longer train generally accelerates and decelerates more slowly and takes 
more time to clear a signal block or interlocking, which can cause congestion where 
stations are very closely-spaced), but the increased capacity from adding cars to trains 
generally significantly overwhelms any operational downside. Capital, power and 
maintenance costs increase with the additional cars, but staffing costs remain relatively 
flat2 as cars are added. When platforms are already in place for longer trains, the 
addition of cars is a very cost-effective way to improve capacity. Even when platforms 
have to be lengthened, it is generally only the platforms which have to be modified 
(with perhaps some minor signal adjustments), rather than the entirety of the system. If 
the system can handle added capacity, the significant cost related to longer trains is 
the purchase of additional train cars, and may also include station modifications, 
increased yard space, and additional power capacity. 
 
In the early days of the development of the transit industry, agencies learned that larger 
vehicles were preferable, and those which could quickly adapted (bound by tight 
turning radii on the Loop, the CTA has retained its 48-foot cars, some of the shortest in 
the nation). The first subway in the country was built in 1897 and served by 25-foot-
long streetcars; within 15 years, the size of the cars used had increase substantially, 
with wider cars, longer cars and train lengths approaching 300 feet. In many cities, 
different lines operate with different “loading gauges”, meaning that cars on one line 
are incompatible with another. Chicago has always had a fully interoperable system, 
where any train can run on any line, but the downside is that the size of its cars cannot 
be easily increased, so it retains the smallest-dimension heavy rail vehicle fleet in the 
country. See Appendix A for a number of examples of increasing the size of cars in the 
large legacy rail systems. 
 
Improving track conditions and operating procedures. As rail service has increased, 
track conditions can become a limiting factor in the throughput of rail networks. This 
can reduce speed and train running times, causing bottlenecks which reduce 
throughput and increase congestion. Track deterioration has become a major issue in 
the operation of rail transit systems in the United States, particularly recently in 
Washington, D.C. and New York. Preventative maintenance is imperative to keeping 
service levels high; this research will assume a baseline where the transit agency seeks 
to keep its equipment and physical plant in good working order. Improving such 
operations can allow more reliable service, improving overall throughput. 
 
Rolling stock design improvements. Without lengthening trains, some improvements 
can be made when replacing or upgrading rolling stock to increase capacity. One is to 
change the layout of seats within the cars, to allow more standees at peak times. 
                                                
2	The	CTA	moved	to	one	person	train	operation,	or	“OPTO”,	in	1997,	the	first	legacy	American	
transit	agency	to	do	so	(Hilkevitch,	1997).	BART,	WMATA	and	others	began	operations	with	
single	operators.	
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Another is improving passenger flow both within the cars and at car entrances. Wider 
doors and aisles are being used or planned throughout the United States, although the 
marginal increase in capacity from shorter dwell times are relatively small. A third 
improvement are cars which allow the free flow of passengers from car-to-car along 
the train, letting people spread out more easily from crowded cars and segments of the 
train to less-crowded cars. While these “open gangway” cars are increasingly popular 
abroad, they have not yet been used extensively in the United States. 
 
Improving signaling to allow more trains. Lengthening trains requires changing only 
platforms, but does not affect the rest of the railroad, particularly the signal system. 
Most legacy rail systems operate using fixed-block signal systems. This signal 
technology is based on signaling from the early 1900s, which uses a system of 
electrical circuits to provide safe following distances for trains. The systems are 
reasonably simple and remarkably safe; orders of magnitude safer, on a passenger-
mile basis, than driving (Schmitt 2014). While fixed-block signal systems can provide 
relatively high capacity, they have theoretical and operational limits which can limit 
throughput. New signal technology, using Communications-Based Train Control 
(CBTC) systems, can significantly increase capacity further. Unlike the fixed-block 
signals currently in place, CBTC uses “moving blocks” which vary signaling 
requirements based on the speed and density of trains. The installation of CBTC 
systems is time-consuming, especially when overlaid on century-old technology and 
track work, requires modifying or new rolling stock, and implementation of these 
projects domestically has proven complex. 
 
Building new infrastructure. Adding new infrastructure to a system can dramatically 
increase service. However, such projects are capital-intensive, especially in a mature 
city without available rights-of-way. In Chicago, additional capacity in the Loop (and 
elsewhere in the system) has been discussed for decades. Any of these projects would 
be expensive, and the time frame for any such construction would likely be a decade-
plus horizon for planning, engineering and construction. This research will focus on 
nearer-term potential to increase capacity and reduce congestion with at most modest, 
short-term capital investments beyond those already being undertaken, while larger 
capital projects are considered in the longer term. 
 
Changing System Routing. In some rail systems, such as in Chicago, lines can be 
routed and combined to provide service between different terminals. In the case of the 
‘L’ in Chicago, lines can be routed into and through the downtown area either on the 
elevated structure or in a subway. The current routing of ‘L’ service mostly dates to 
1993, and does not fully utilize the potential capacity of the rail system. At rush hour, 
some tracks serving the Loop see as many as 35 trains per hour, causing train 
congestion and passenger delays, while others see as few as 10. The purpose of this 
research is to investigate how to reduce congestion on the Loop ‘L’ by analyzing 
several routing alternatives which would change the routing of lines between terminals. 
This is not possible with all rail systems, but in the case of the CTA, all rolling stock is 
interoperable, and most lines can operate either on to the Loop or into the subway. Not 



	 16	

only will these routing changes serve to reduce congestion on the Loop, but they will 
allow the CTA to better match service with ridership trends, providing additional 
capacity in some of the most congested and crowded portions of the system. 
 
 

1.2   Background on the Chicago Case Study 
 
Operated by the Chicago Transit Authority (CTA), Chicago’s heavy rail transit system is 
the second-largest rail transit system in the country, carrying 230 million passengers in 
2017—approximately 750,000 each weekday—and spanning more than 100 miles of 
route, 224 miles of track, and 145 stations. It includes sections of steel elevated 
railroad which date to the 1800s (the Loop ‘L’ in Chicago has been given landmark 
status (Preservation Chicago 2017) as a historically significant structure, while carrying 
thousands of passengers daily). In addition, subways built in the middle of the 20th 
century and additional expansion mostly in freeway-median rights-of-way have 
increased the service area of the rail network and connects many of the destinations in 
the city and surrounding suburbs, including major universities and both airports. The 
CTA rail network is supplemented by a robust surface transit system with frequent bus-
rail transfer points. On the rail network, crowding and service levels are perceived as 
an issue by the public as ridership has grown in recent decades (Leavitt (2018), and 
transportation was an important issue in the 2019 mayoral election (Vance, Lopez and 
Freemark 2019, Moore 2019). 
 
Like many legacy rail transit systems, the CTA saw ridership declines and stagnation 
from its World War II peak to the 1980s, but with the resurgence of the Loop-area 
economy, rail ridership has seen significant growth in recent decades, carrying more 
passengers today compared with any time in its history except for the peak traffic 
during the war. The system has also seen travel habits shift, both spatially—as 
residents have flocked back to downtown areas and jobs have begun to re-cluster in 
transit-accessible areas—and temporally, as certain portions of today’s system see the 
highest demand at peak travel times in CTA history by a significant margin. This has 
led to crowding and congestion, as more passengers attempt to board trains and more 
trains are scheduled across the network. Recently, external competition from often-
subsidized and congestion-worsening TNC trips (Schaper 2018) has reduced transit 
patronage, particularly on buses, although at the most congested times, ridership on 
‘L’ trains has remained more stable. The agency has taken steps to add and improve 
rail service which have increased the capacity of the system. With population growth 
and a trend of corporate relocations from the suburban ring to the core downtown area 
and its periphery, maximizing the effectiveness of the elevated and subway rail transit 
lines is imperative to keeping Chicago’s economy growing in the next decades. 
 
Long dubbed America’s “Second City,” Chicago is now ranked third-largest in 
population (behind New York and Los Angeles) but is still second in two categories 
important to this research. First, its regional transit system carries the second-highest 
number of passengers (behind New York City), and, second, the area served by the 
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transit system—the central business district, uniformly referred to as “The Loop”—is 
the second largest such business district in the country (trailing only Midtown 
Manhattan). This combination of a growing central business district and robust transit 
system creates a need for a continually-improving transit system which is efficient and 
effective in moving people in and out of the business area at peak hour times. 
 
Chicago’s Loop area is served by four main modes of transportation. The roadway 
network has four Interstate highways which feed into the downtown from the 
northwest, west, southwest and south, plus Lake Shore Drive, which provides a 
mostly-limited-access roadway along the lake from the north and south. The highway 
system is very congested and adding capacity would be destructive and ineffective 
(Schneider 2018) if feasible at all. Chicago, by some counts, has the 5th worst traffic in 
the country (Ali, Auto Accessories Garage 2019), and the Kennedy Expressway has 
been named the worst bottleneck in the nation, with travel times for the 16 mile trip 
from O’Hare to the Loop frequently exceeding an hour during peak travel times (Travel 
Midwest Stats 2019). 
 

 
Figure 1-2: Long-term ridership trends on the CTA. 

Chicago’s bus system, while carrying significantly fewer people now than during its 
peak in the middle of the 20th century (see Figure 1-1), still brings in tens of thousands 
of commuters to the Loop. From the north on Lake Shore Drive during the peak there 
are as many passengers riding CTA express buses as there are in the four lanes of 



	 18	

auto traffic combined, comprising one of the most densely-traveled bus corridors in the 
country. The region’s commuter rail system, Metra, runs suburban service into four 
stations located on the periphery of the Loop, and, at rush hour, carries as many 
people to the core as the highway system. The CTA rail lines carry more still, with more 
than twice as many passengers accommodated as can be handled by single 
occupancy vehicles on the highway system during peak periods. 
 
Like most cities with legacy rail systems, ridership on the ‘L’ is driven by a combination 
of push and pull factors. The lines are mostly grade separated3 and operate 
independent of traffic, a distinct advantage compared with congested streets. At rush 
hour—and in some cases, at most times of the day—‘L’ trips are significantly faster 
than trips on parallel roadways, giving a time benefit to transit riders. Most ‘L’ lines 
stretch 10 miles from the Loop or further, and the average straight-line trip length of 5 
miles makes the ‘L’ cost-competitive with driving on a per-mile basis. As such, the ‘L’ 
is cheaper than driving and parking; Chicago has some of the highest parking rates in 
the country outside of New York, with downtown garage parking rates of more than 
$30 per day and $300 per month.  
 
In 2010, there were just shy of 600,000 workers in the “Chicago-Central”4 area as 
defined by the Regional Transit Authority, which is an umbrella organization for the 
various transit agencies in the Chicago region (RTAMS 2010). Of this population, 
52.7% arrived by public transportation; of these users, 71% came by rail (a 
combination of CTA and Metra). Half of these commuters have jobs in the more 
concentrated downtown Loop area, and for them, more than half arrived by rail, 
another 15% by bus, and only 23% by car. The transit mode share is, percentage-
wise, an increase from 2000, despite the data being from the recession which began in 
2008. Since 2010 there has been significant growth in Loop-area jobs (Cahill 2018). As 
the region continues to grow, additional travel demand will only be reasonably 
accommodated by the rail transit system; the Loop’s roadways and freeways leading in 
have become more congested in recent years. Replacing some of the downtown 
parking (Dunlap 2015) generated by these auto trips with commercial or residential 
development will pay dividends twice, by increasing the city’s tax base for these 
parcels while at the same time increasing the utility of the transit system. However, 
improvements to the transit system’s capacity will be needed to cater to this increased 
usage. 
 
The Loop has grown in recent years. It remains chiefly an employment center, with 
approximately 600,000 jobs based in the Loop and the area immediately surrounding 
it. Employment in the four ZIP codes comprising the Loop has continued to grow in the 
                                                
3	The	outer	portions	of	three	lines—the	Pink,	Brown	and	Purple	lines—have	grade	crossings,	as	
does	the	Yellow	Line	(Skokie	Swift).	The	CTA	is	the	only	heavy	rail	system	in	the	United	States	
with	public	grade	crossings.	
4	This	includes	the	Loop	and	adjacent	neighborhoods.	A	map	of	the	CTA	and	Chicago	
neighborhoods	can	be	found	in	Appendix	G.	
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past 20 years, with approximately 200,000 jobs in the four ZIP codes roughly defined 
by the Loop ‘L’ and the area to the east of Wabash Street (IDES 2018). Adjacent to this 
core are an additional 400,000 jobs, a number which has grown by more than 30% in 
the past two decades. Since the recession’s low point in 2010, the “inner core” portion 
of the Loop has gained 17%, while the outer portion has grown by 28%. This growth 
has outpaced the overall increases in employment in the region (Hinz 2018), and many 
major companies have moved from suburban locations to the Loop or to adjacent 
areas (Bentle 2016).  
 
In addition to the growth in jobs, there has been significant population growth in these 
areas. Since 1990, the population of the Loop and adjacent neighborhoods has grown 
by 80,000, or 62%, with the population of the Loop and the South Loop alone more 
than tripling, from 18,000 to 58,000. Growth has accelerated since the end of the 2009 
recession (Kamin 2017), with a number of large buildings under construction (Koziarz 
2019), as well as two large “megaprojects” near the Loop. These projects, Sterling Bay 
and Lincoln Yards, encompass 104 acres of currently low-density industrial and vacant 
land and are planned for a combined $10 billion worth of development and tens of 
thousands of jobs and residents. The combination of the growth in both population and 
employment is approaching capacity constraints on the overall transportation system. 
 
In recent decades, the CTA’s solution to capacity issues has been to add service to 
existing lines. The Brown Line was rebuilt in the early 2000s to increase train lengths 
from six cars to eight, increasing capacity by 33%. The Pink Line was relocated from 
the Dearborn Subway to the Loop ‘L’, increasing capacity between the Loop and the 
growing West Loop. Yet for the most congested portion of the system, it would be 
difficult to simply add cars to trains, as 10-car trains would require building entirely 
new elevated and subway stations on much of the system. This research seeks to 
analyze alternatives which may be able to better utilize existing infrastructure to reduce 
crowding and congestion, improve the traveler experience and increase reliability and 
passenger capacity in the most constrained portions of the rail system during the next 
five to fifteen years, while larger-scale and longer-term network expansion is 
considered. 
 
This growth is constrained not just by physical characteristics, but also by increases to 
the cost of adding service, both at the margins (adding a train at peak service requires 
not just an additional operator, but additional rolling stock, as Reilly (1976) and Walker 
(2017) note) and because, as Morales Sarriera (2016) points out, the cost of the 
physical labor required for operations—and buses especially—rises more quickly than 
inflation. This “Baumol’s cost disease” (Baulmol and Bowen, 1968, Surowiecki, 2003) 
suggests that the most sustainable short-term means to growing a system is one 
which does so by incorporating as many efficiencies as possible to provide service as 
cost-effectively as possible at these high operating cost times of day. This is therefore 
more of an issue for bus service than rail, which is less capital-intensive but more 
labor-intensive than rail service.  
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Rail operations’ insulation from street congestion also help to make them less 
vulnerable to Baumol's cost disease. In addition, factors such as traffic congestion, 
parking prices and regional highway congestion affect rail transit’s main competition 
for downtown commuting at peak hours. This is the reason that Pushkarev and Zupan 
(1977) observe the correlation between downtown high density growth and availability 
of rail transit. In short, downtown growth and rail transit ridership have a symbiotic 
relationship, and high quality rail transit access is essential to continued growth of the 
Loop and adjacent areas. 
 
This symbiotic relationship is reflected particularly in peak period ridership which has 
grown by 20 percent in the past 15 years, but this growth seems to have stalled over 
the last two years. At high volumes of trains per hour, and high crowding on trains, rail 
rapid transit eventually also suffers from train congestion. With an observed upper level 
of 27 trains per hour to provide reliable rail transit service on the Loop in Chicago, 
current operations see up to 35 trains per hour in the peak half hour on key links, while 
other links serve just 10 to 12. This results in rail service becoming less reliable: service 
begins to suffer from train bunching, which results in many passengers experiencing 
longer headways and trains which are beyond capacity and leave passengers behind. 
For those lucky enough to board, they are met with uncomfortable and inefficient 
conditions with less effective capacity. This not only affects passengers at peak hours, 
but it also gives passengers the impression that the system is crowded, so peak-hour 
users may be less likely to ride the system at off-peak times. 
 
The focus of this thesis is based on the premise that updating and redeploying the 
routing of trains can better utilize these underutilized links. Once this is accomplished, 
it will reduce the overuse on the busiest segments to below 27 trains per hour, 
reducing train congestion and train bunching, which will provide higher quality and 
slightly higher capacity service utilizing the same amount of rail rolling stock, and 
supporting continued economic growth in the City of Chicago. 
 

1.3   Motivation 
 
By both population and economic size, Chicago is the largest city in the Midwest, and 
at its core is a growing downtown with significant traffic congestion. The continued 
growth of the city, especially in a sustainable manner where jobs continue to 
agglomerate in transit-oriented areas served by the CTA and other high-capacity 
transit, depends on the continued ability of transit to serve the region as it expands. 
The CTA today carries the plurality of people into and out of the downtown area, with 
the rail system providing the most passenger capacity. (The busiest lines, which 
operate more than 20 eight-car trains per hour, each have a capacity of 16,000 
passengers per hour, double the capacity of any freeway serving the city.) 
 
As with any century-old transit system, the CTA has its share of challenges. The 
authority has rebuilt much of its track in the past decade (and will rebuild another 
section during the first phase of the Red-Purple Modernization or “RPM” project), is 
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addressing one of the worst bottlenecks in the system by rebuilding Clark Junction 
where the Brown Line splits off of the Red Line, and is procuring rail cars to replace the 
oldest rolling stock in the system. However, with recent growth, congestion at peak 
hour is an issue for both system throughput, reliability and efficiency. 
 
The motivation of this project is to examine methods to address these issues and to 
allow the continued growth in capacity of the CTA. While previous research has looked 
at modeling the effects of major capital improvements to the CTA system, this research 
will look at the effect of low-capital changes in operations and, in turn, on current 
customers and operations. The product is envisioned as one which can inform 
changes to CTA routes which will benefit operational efficiency as well as one with a 
net benefit for passengers and one which will result in some additional capacity for 
future growth, allowing the CTA to continue to be a core engine of the regional 
economy.  
 
Fixed-guideway transit is unique in that it is relatively insulated from the congestion 
problems which plague large, dense cities, and which particularly effects bus transit 
and automobile traffic. Continued growth in peak-hour rail ridership, however, is 
affected by congestion and crowding on the rail system, and the capacity of the 
current system should be best utilized in the short term to provide as much consumer 
benefit as possible using the existing network. Reducing rail congestion leads to better 
perceived and actual travel times not just for the passengers riding through the 
affected area, but elsewhere on the system, where less congestion in the Loop 
cascades to create service which is more reliable and less crowded. In the case of the 
CTA, this can be accomplished without major changes to infrastructure, and 
implementation can occur in a relatively short time frame, allowing integration with 
major capital programs taking place on the rest of the system at the current time and 
into the future. 
 

1.4   Objectives of Research  
 
The overall goal of this research is to conceptualize and analyze alternative rail routing 
patterns to serve the Loop in downtown Chicago. While significant further growth in the 
system will require the development of additional core capacity in the form of new 
downtown ‘L’ or subway lines, such capital-intensive projects require long lead times 
and significant funding. These include projects such as the Communication-based train 
control, Clinton Street Subway and the Circle Line, many of which have been 
discussed since the middle of the 20th Century. The current system configuration, 
however, has some latent capacity, particularly in the mismatch between the subways, 
where some tracks handle 20 to 22 trains per hour at peak times (but others as few as 
10), and the Loop ‘L’, which handles as many as 35 on a single track. Thus, the route 
system can be adapted to better utilize this capacity while providing some congestion 
relief to the Loop. 
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These proposed changes to the routing system will be compared to the current 
operation of the system to determine their potential impacts on existing and future 
passengers and the overall capacity of the system. These alternatives will incorporate 
route and operation changes with the goal of alleviating congestion on portions of the 
CTA’s rail network with significant congestion, and focusing primarily, but not 
exclusively, on the downtown Loop ‘L’. They will then be analyzed based on 
operational constraints, passenger experiences, and other factors to inform changes to 
the ‘L’ system which may better serve the current needs of the CTA traveling public. 
The specific objectives of this research are: 
 

1. To determine the current level of delay experienced by passengers on the Loop 
‘L’, and travel times for lines serving the Loop and the rest of the system. 

2. To develop alternatives to reduce congestion on the Loop ‘L’, including 
changing platform berthing patterns in the Loop (including moving one or more 
lines into the current subways), changing routing patterns on the Loop (i.e., 
eliminating conflicting movements and left turns where possible) and changing 
routings in outlying areas to reduce the number of trains on the Loop at peak 
times.  

3. To identify infrastructure changes needed for any of the routing alternatives. 
4. To examine how various routing options can be implemented in relation to 

current major CTA infrastructure projects being implemented and long-term 
upgrades to the CTA’s rail network. 

5. To determine whether and how alternative routings can provide potential growth 
in service capacity based on major planned and proposed developments, as 
well as additional population and employment growth scenarios in the CTA 
service area. 

6. To improve equitable access to the growing economic opportunities in and near 
the Loop. 

 
1.5   Research Approach and Methodology 

 
The genesis of this research was to identify low-capital methods to reduce the 
congestion on the Loop ‘L’. There are a wide range of solutions to optimizing the 
operation of high-frequency rail transit systems, and early stages of this research 
examined several means to do so, including minor changes to platform locations and 
signaling. Data analysis of current Loop operations indicated that most congestion 
issues stem from the number of train movements on the Loop (in particular, the Loop’s 
more-trafficked inner track), and that having fewer trains on critical links at peak travel 
times will result in less congestion. The interoperable nature of the ‘L’ system allows 
the reallocation of resources to reduce the number of trains on the Loop, especially at 
the flat junctions where trains enter and leave the Loop. At the same time, increasing 
service in the subway allows an overall net increase to the number of passengers who 
can be carried into and out of the Loop. 
 



	 23	

Given this interoperability of several of the CTA system’s routes, this research will 
focus on exploring how changes to the operation of the CTA’s rail system will affect 
current passengers and system operation. It will develop operational alternatives which 
introduce a number of changes to the system’s current operation, and which generally 
have minimal capital outlay. Following a feasibility screening of these alternatives, 
several will be analyzed on the basis of how they affect passenger flows, passenger 
travel time, and rail operations on the affected segments, both in the Loop and outlying 
portions of the line, how they might attract additional ridership to the rail network, as 
well as assuring that they maintain equity considerations to provide policy headways 
on all rail lines. This will help to inform decisions about route realignments and strategic 
investments which can help to increase capacity and decrease congestion when the 
system is busiest, while maintaining frequency and service during the off-peak. 
 
The basic analyses performed as part of this research are as follows: 
 

1. Estimate current congestion on the Loop ‘L’. There are several ways to 
quantify current congestion on the Loop ‘L’ (and other portions of the system), 
the simplest of which is to measure the time in which it takes different service 
patterns to traverse the segments around the Loop. These data are available 
from the CTA’s SCADA (supervisory control and data acquisition) database and 
show the time and location of each train, based on track circuit data. This can 
be analyzed between any two points on the system, and more specifically to this 
research, it can determine where there are congestion issues based on 
differences in operating times between peak and off-peak periods, and in some 
cases, between trains which use the Inner and Outer Loop. Empirical data 
based on the current Loop performance will identify specific vehicle flow tipping 
points beyond which congestion increases significantly. This will be discussed 
further in Chapter 4. 
 

2. Create Alternate Routing Structures. Based on Loop congestion analysis, the 
greatest potential for reduction in congestion comes from restructuring the 
current CTA routes and creating a new route structure which will better serve 
the current demand. Given the initial Loop congestion aspect of this research, 
this report will specifically focus on those which have the ability to provide 
congestion relief on the Loop ‘L’, by reducing the vehicle flow where the most 
congestion occurs. Each routing structure will be created with the riding public 
and agency operations in mind, so as to provide sufficient service to satisfy 
current demand and CTA service delivery policies and to allow for future growth 
of the system. Each alternative is designed to reduce the number of trains on 
the Loop’s busiest segments, and thus to reduce congestion. This will be 
discussed in Chapter 5. 
 

3. Analyze passenger data based on routing options. While various routing 
structures are feasible given the physical layout of the system, they have 
significantly different effects on the riding public. This can be measured by 



	 24	

estimating the overall number of trips between different portions of the system, 
and how journey times will be impacted by different route structures. It is 
important to examine these impacts with regard to: 

• The overall journey time change for passengers, the aggregate of all 
positive and negative impacts for riders of the system. 

• The amplitude of both positive and negative impacts. While the overall, 
top-line improvement to service is most important, preference will be 
given to those which minimize negative passenger impacts as well.  

• The geographic and temporal distribution of these customers. This will 
include an examination the tradeoffs between portions of the ridership 
which are positively and negatively affected.  

• The potential for induced demand will be discussed. While a full travel 
demand model is not part of this research, the potential for changes to 
customer demand based on travel times will be estimated.  

 
This will be discussed in more detail in Chapter 6. 
 
The estimates for these analyses come from two main sources to explore how 
passengers move through the region using the CTA’s current system. The 
Origin-Destination-Transfer (ODX) data set uses a full month of data which 
tracks every tap of the CTA’s Ventra fare payment system in order to infer riders’ 
destinations. Data are then scaled to estimate all trips (since some for riders—
especially infrequent riders, those paying with cash and those using single-ride 
fare media—it is difficult to infer destinations) to create a more complete 
estimate. It uses schedule data and GTFS routing to model customer behavior.  
 
These data can be used to establish passenger flows, infer transfers, and, given 
different routing options, determine the increased or decreased travel time for 
various alternatives analyzed. These data do not provide full information on a 
passenger’s experience before and after entering the system, and a separate 
data set from the CTA’s origin-destination survey will be used to examine how 
passengers will react to changes in Loop-area routing which will increase or 
decrease walk distances to access ‘L’ stations. It should be noted that while 
ODX is a robust data set, it is not a forecast, but rather an estimate of current 
use. Thus, it is most appropriate for identifying current customers, and how 
current travel patterns would be affected by changes in routings, as well as 
which passengers would receive the most impact, both positive and negative. 
Further research will be required both to analyze where routing changes may 
drive new demand, as well as where factors outside of the CTA will drive new 
ridership, especially in the longer term.  
 

4. Analyze train operations based on routing options. In addition to passenger 
impacts, different routing structures will affect the operation of the system. On a 
system-wide scale, this will result in changes to the number of vehicles needed 
for peak service, and the overall cost of the service. On a more-localized scale, 
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it will impact the use of yard space, operators and train lengths. In addition, 
fewer trains on the Loop ‘L’ itself will result in reduced congestion and delays 
(as estimated using empirical data from various levels of service at different 
times of day), and therefore faster operation, for trains operating on the ‘L’. 
While this won’t affect many passengers (few of whom ride through the Loop, as 
it is the origin or destination for most), it will result in the reduction in congestion 
which will improve overall reliability for service which passes across the Loop 
‘L’. This operational analysis will also take into account the opportunity to use 
state of good repair construction projects as a means to implement and test 
different routing options, especially in concert with certain phases of the Red-
Purple Modernization (RPM) project. By implementing portions of these changes 
during construction, it may be possible to mitigate some construction-related 
disruptions test the on-the-ground implications for Loop congestion of the 
changes prior to implementing permanent route structure changes. At that time, 
the observed operations data could be used to refine and calibrate an updated 
rail simulation model that can be used to help analyze further routing changes. 
 
This will be discussed in more detail in Chapter 7. 

 
Finally, this research will assure that these changes conform to CTA service delivery 
policies, accessibility for all riders, and maintain equitable service for CTA passengers. 
This includes providing service over specified spans, as well as maintaining frequency 
on all lines based on passenger demand and baseline frequency. This will inform the 
above research, to assure that minimum service levels are delivered and that equity is 
maintained across the system while maintaining an efficient service and accessible 
transfer opportunities.  
 

1.6   Thesis structure 
 
Chapter 2 will examine past literature regarding legacy heavy rail systems and the 
ability to make these systems more effective for passengers. It will specifically examine 
congestion mitigation, network redesign and passenger preferences.   
 
Chapter 3 will provide a background on the history of the CTA, as well as analysis of 
CTA ridership and population changes in the CTA service area (and Chicago in 
particular), especially those which have created the ridership imbalance between the 
north and south sides. It will also detail major changes in the CTA’s route structure, 
especially since the opening of the subways in the 1940s and 1950s.  
 
Chapter 4 will provide technical details of the operation of the CTA rail network, 
focusing specifically on the operation of the Loop ‘L’ and other bottlenecks and pinch 
points in the system, and focus on the data showing current run times and delays on 
the Loop and at other affected portions of the system. 
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Chapter 5 will present the development of alternatives and introduce a number of 
considered routing options, and those which were carried forward for further study and 
full analysis, with related appropriate justification for each. 
 
Chapter 6 will present the ridership and associated travel time impacts for the current 
system and the various alternatives, as well as where any changes will allow for future 
system growth. 
 
Chapter 7 will present the analysis of a variety of operational impacts of the various 
alternatives. 
 
Finally, Chapter 8 will discuss the potential to implement route changes in conjunction 
with CTA infrastructure improvements, and to test or pilot some changes, as well as 
longer-term considerations which may require capital improvements.  
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Chapter 2    Literature review 
 
While there is minimal literature specific to route restructuring plans (since there are 
few heavy rail transit systems as adaptable as the CTA), there are several elements of 
this project which do make use of previous work. This chapter will discuss the 
background which informs this project and data used in the analyses. Additional 
literature is discussed later in the thesis, specifically in chapter 6 and in Appendix E. 
 
The CTA system is relatively unique among major heavy rail systems in that it operates 
with extensive elevated structure in the downtown area (most cities in the United 
States which once had elevated railways downtown moved them to subways in the 
20th century) and that it has flat junctions similar to erstwhile streetcar lines but used by 
400-foot-long heavy rail trains. While some heavy rail research is less-applicable to the 
Chicago example, there are several areas of literature which will serve to inform this 
research. 
 
Previous research demonstrates the importance of a well-functioning transit system in 
a growing and dynamic city. As Zhang, Shen and Sussman demonstrate, the benefits 
rail transit development can be grouped into four main categories (Zhang, Shen & 
Sussman, 1998). The first benefit—the economic impact of those building and 
operating a system—are not pertinent to a legacy system redesign (but would be to 
any capital work involved). The second is that increased use of transit provides an 
environmental benefit from a mode shift from single-occupancy vehicles, and a well-
functioning transit system can even have a beneficial effect on nearby traffic 
congestion, by reducing the number of cars on the road. Third, well-functioning transit 
also promotes social equity, allowing residents without the means to afford the cost of 
driving and parking to access the economic and social amenities in a city. Fourth, an 
additional category of benefit from transit is that it allows for increased development 
and property values, supporting local and regional economic growth. 
 
In Chicago, there is ample evidence that investments in transit increase the utility of the 
city nearby. In 2012, the CTA opened a station on the Lake ‘L’ at Morgan, where a 
previous station was demolished in 1949 and a mile-and-a-quarter-long gap between 
stations existed in a neighborhood proximate to downtown. Reports not long after the 
opening of this station indicated that it spurred development in the area surrounding it 
(McGhee, 2014), and the area has recently become home to the Midwest headquarters 
of Google and the global headquarters of McDonalds, which moved from a suburban 
campus to a location a short walk from the station (Scharper, 2018b). 
 
There has been extensive research into the capacity constraints for heavy rail systems. 
Parkinson (1996) provides a framework for estimating maximum possible flows per 
hour and means to achieve increase throughput, including improving signal systems, 
reducing dwell times at busy stations, increasing train lengths and avoiding 
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bottlenecks—in this case, junctions near heavily-used stations—as well as constraints 
at terminals which restrict the flow of service. 
 
Previous research specific to the CTA has not focused particularly on a system 
redesign, although some research has touched on quantifying the use benefits of the 
regional transit system. Schofield (2004) examines the Chicago region’s transportation 
system in the early years of the 2000s, specifically examining the funding, political and 
regulatory structures encountered by the CTA. Savage & Schupp (1996) examine the 
ability of new transit service to encourage mode shift, particularly noting that 50% of 
the ridership on the Orange Line in Chicago previously drove alone for these trips. 
Reliability is also an issue, and research examining the effects of slow zones on the 
Blue Line determine that frequent users are especially susceptible to change their 
travel habits based on changes in travel time and, especially, reliability (Bernal, Welch 
& Sriraj 2016).  
 
Busby (2004) examined the regional system as a whole, with a particular focus on the 
Circle Line, a major project proposed in the early 2000s (a small portion of which was 
built—rehabilitating a section of non-revenue line—and currently links the Pink Line to 
the Lake ‘L’). Busby’s research did not use ODX trip generation, but instead used an 
earlier model, estimating overall travel behavior using census tracts and TAZ data and 
isochrones based on the proposed Circle Line changes to the system, with additional 
consideration of Metra connections. It is notable that there was significantly less 
development in the West Loop when this research was undertaken, and it was less of a 
factor compared to today, where it is the driving factor in any changes to the Pink Line. 
Busby looked only at the Circle Line, and not at other major changes to the CTA 
system, and most notably, this research was contingent on the implementation of a 
major capital project, rather than changes to existing infrastructure as proposed here. 
At that time, with less service on the Loop ‘L’, the operational considerations and 
constraints were not discussed, and adding the Pink Line to the Loop did exacerbate 
congestion there to some degree. 
 
This research will use a matrix of passenger origin, destination and transfer data to 
estimate the aggregate time savings for passengers based on changes to the ‘L’ 
system. The ability to develop an accurate passenger origin-destination matrix relies on 
the ability to look up the next trip taken by a passenger, generally assuming and 
inferring that the first trip ended at the closest stop to where a subsequent trip began, 
and then build a database of an individual passenger’s complete set of trips during a 
single day while, at the same time, accounting for single boarding trips from which a 
destination cannot be inferred. This has been developed for several agencies, with an 
early use in Chicago (Zhao, 2004) and subsequent updates using more recent and 
complete data. This type of data has been used for many planning purposes, from 
overall planning (Frumin, 2010) to fare policy and rider segmentation analyses (Stuntz, 
2018) to more focused route planning and analysis in Boston (Vanderwaart, 2016). 
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While this research will not attempt to model the mode choice and travel changes 
based on changes in travel times, it will calculate the aggregate time savings for 
segments of travelers across the CTA system based on different routing patterns. In 
the case of this research, all time will be treated equally, although some prior research 
suggests that this is not the case. Much of the elasticity research focuses on 
elasticities with regard to fares, but there is significant literature regarding the 
relationship between demand for transit and travel times (Litman, 2004). Notably, a 
minute on a train and a minute spent waiting are often not perceived as equal by 
passengers (Teulings, Ossokina and de Groot (2017); Frank, et al (2007); Lago, 
Mayworm and McEnroe (1981); Levy (2019)).  
 
While this research will not attempt to assign different weights to different types of 
waiting times (namely: initial wait times, wait times at transfer stations, time spent 
walking between platforms at transfer stations, travel time, and time spent accessing 
transit, although perceptions of wait times at stations may depend on the type of 
station—subway versus outdoors—and amenities provided) it will break down these 
wait times, which may be useful for further research. More recently, data from service 
cuts undertaken by the Washington, D.C. Metro (WMATA, 2018) have shown the 
effects of less frequent service and crowding on ridership. It should be noted that this 
research does not propose cutting service for any peak-direction5 or off-peak service, 
except in some minor cases where intervals would be changed by less than a minute. 
 
In addition, this research will not attempt to fully model increased or decreased 
patronage in corridors where passengers may have significantly longer or shorter trips. 
For the most part, trips for existing passengers will decrease in length, or increase in 
length by only a couple of minutes. However, there are some corridors in which the 
decrease will be rather significant due to through-running service. For instance, some 
alternatives propose running Orange Line trains from the Southwest Side through to 
the North Side. This would reduce the trip length for passengers making these trips by 
six to eight minutes, resulting in the potential for mode shift. In addition, where 
frequencies are changed, demand may change as well. Levy (2019) suggests that 
frequency elasticity is higher for less-frequent trips, but that for shorter trips, even a 
small change in frequency can increase ridership. This is especially important as TNC 
trips often serve as a substitute good for rail trips (Schmitt, 2019), although this is less 
the case during peak hours, when TNCs are susceptible to—and in many cases, the 
cause of—street congestion which rail service is able to bypass. (The same cannot be 
said of bus service, which is often hamstrung by increasing congestion.) In April, 2019, 
the city of Chicago released TNC data and some initial analysis was completed, but the 
results are not included in this study (CMAP, 2019). 
 

                                                
5	Some	alternatives	would	reduce	reverse-peak	frequency.	For	example,	Red	Line	trains	on	the	
Dan	Ryan	branch	run	more	frequently	southbound	in	the	morning	and	northbound	in	the	
evening,	in	order	to	provide	more	service	on	the	north	side.		
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Not every platform in the CTA network can support a full-length train, and this research 
will suggest the possibility of using longer trains at some of these platforms with some 
of the cars cleared of passengers and the doors locked, using “Selective Door 
Opening” (SDO) for stations with shorter platforms (in fact, in the UK, it is required for 
new rolling stock) (Chan and Turner, 2004). While this is likely not an optimal or long-
term solution for a system like the CTA, it could allow network changes and increased 
core capacity, especially during construction projects, with minimal capital outlay. Until 
recently, only the first half of trains at South Ferry in New York were opened (this was 
controlled by the conductor onboard (LaBianca, 2012), as New York’s trains still mostly 
use two-person operation); the former short-platform loop station was replaced with a 
new terminal with full-length platforms in 20096. The 145th Street Station on the IRT 
Lenox Avenue Line also uses selective door opening because of the short length of the 
platform (Edwards, 1967). In Boston, the Wonderland-bound platform at Bowdoin only 
accommodates four cars of the train. Since this is a terminal station, cars were 
equipped with buttons passengers must push to open the doors from the outside (at 
other stations, all doors are opened automatically; there are no buttons to open doors 
from the inside). In the UK, some SDO systems use GPS location data to determine 
how many doors can be opened at a station (RSSB, 2017), or a combination of GPS, 
trackside beacons, platform detection and distance measurement in order to provide 
redundancy. These systems vary from local door operation systems (or “manual 
SDO”), where a conductor physically opens doors based on their position in the train, 
which is used extensively on Metra and other Commuter Rail systems with automatic 
doors. 
 
  

                                                
6	The	old	station	was	then	reopened	from	2012	to	2017	due	to	severe	flooding	of	the	new	
expanded	station	during	Hurricane	Sandy.	
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Chapter 3    CTA History, Ridership and Background to Current 
Loop Operation 

 
The history of the CTA, and the ‘L’ in particular, like many transit agencies, dates to the 
late 1800s. Chicago had quickly developed as the central railroad hub in the country, 
with dozens of railroads running into the city’s six rail terminals, but until as late as 
1890, in-city transit was mainly accomplished by foot, horsecar or cable car. Chicago 
is a young city—it was a small town until the 1840s—but it has one of the oldest rapid 
transit networks in the country. This chapter will discuss the history of the ‘L’ with a 
particular focus on the Loop operations, and the ridership and population trends 
underlying the development of the current CTA system since it was first built in the 19th 
Century. In addition, it will discuss ridership trends on both the rail and bus transit 
system in Chicago, and how the city’s changing demographics have led to routing and 
service level decisions in the past. 
 

3.1   Early operation of the Loop ‘L’, 1893-1947 
 
After several decades of proposals, elevated rail lines were first operated in Chicago in 
1893, when the first line began operation between the Loop and the South Side. The 
first 3.5 miles of this line, running from Congress Street to 39th St, were built entirely 
above city-owned alleys, leading to the nickname “Alley ‘L’”; many subsequent lines 
used alleys as well. While initial operation of this service used steam equipment, 
electrification, and more lines, quickly followed.  
 
These initial lines operated from outlying residential and industrial areas of the city (the 
South Side ‘L’ had a branch which looped through the city’s stockyards, with stops for 
each major employer, until 1957) but did not initially operate into the heart of 
downtown. The need for service into the core of the loop was noted, and Charles 
Yerkes, the famed transit tycoon who owned several of the ‘L’ lines, worked to 
convince downtown landowners that a structure over the street would increase their 
land values by bringing in more traffic. By 1897—just three years after the first ‘L’ had 
opened—the lines began looping through downtown, increasing the utility of the 
railroad significantly, such that ridership on some lines increased by 50% with the 
opening of the Loop. 
 
Additional extensions to the ‘L’ lines were built after the opening of the Loop, 
culminating in the completion of the Northwestern ‘L’, currently today’s Brown and Red 
lines north of the Loop, in 1909. These 15 years were the main thrust of construction 
for the ‘L’, with all of the main lines built; only some minor extensions were completed 
over the next half century. Some additional lines were built, often at-grade; these 
would be among the first closed after World War II.  
 
The ‘L’ also hosted several longer-distance interurban railroads, which operated on 
their own rights-of-way to the outer extent of the ‘L’ system, and then over the ‘L’ lines, 



	 32	

often on express tracks, to downtown terminals or to the Loop itself. The two largest of 
these, the Chicago, Aurora and Elgin and the Chicago, North Shore and Milwaukee 
railroads, operated high-speed, electrified service well beyond the city limits, providing 
service similar to today’s Metra service, but which was able to serve the core of 
downtown via the ‘L’.7 These services were both abandoned around 1960, although a 
similar line, the Chicago, South Shore and South Bend (“The South Shore” line) 
operates to this day with a subsidy from the State of Indiana. It, however, uses the 
Illinois Central’s electrified lines (now the Metra Electric District) to reach Millennium 
Station in the Loop, rather than the CTA. 
 
Another transit magnate, Samuel Insull, took over the lines of Chicago’s elevated 
railroads after Yerkes left Chicago following a series of political defeats (Economist, 
2014); Yerkes subsequently went on to develop railroads in New York. Insull organized 
the separate operating companies into a single trust (Chicago Electric Railroads) and 
later a single company (Chicago Rapid Transit, or CRT), which allowed the realization 
of several customer- and operator-friendly practices to take place.  
 
In 1907, the Loop ‘L’ reached capacity, and the original terminals, which had closed 
with the opening of the Loop, were reopened to reduce peak demand on the Loop, 
with some services operating only to these terminals outside the Loop (some of which 
allowed direct transfers to trains operating on the Loop). These stations would continue 
to be used to some degree until the opening of the subways, which greatly increased 
the capacity of the rail network in the Loop and allowed the terminals’ eventual 
abandonment. Most notable to this research is the operating of through-routed trains, 
where trains operating into the Loop would, instead of looping and returning to the 
same terminal, instead continue out a different branch of the ‘L’. This allowed more 
single-seat rides for passengers, and also eased some of the congestion on the Loop, 
as through-routed trains would only operate on two sides of the Loop. (See Appendix 
C for historic maps of the CTA.) 
 
Initially, the Loop, which measures 0.6 miles on the eastern and western sides (Wabash 
and Wells) and 0.4 miles on the northern and southern sides (Lake and Van Buren), had 
three stations on each side, except for the Lake Street segment, which only had two. 
These have been rationalized and combined over the years; for a time in the 1970s and 
1980s, the south side of the Loop had just a single station. The most recent change 
was made in 2017, when Randolph/Wabash and Madison/Wabash (which itself closed 
in 2015 to allow the construction of a new station) were replaced with the new 
Washington/Wabash station (in fact, much of the data used in this report predates this 
2017 change, although since the station moved by only a few blocks, it should not 

                                                
7	The	CNSM,	known	as	the	North	Shore	Line,	ran	electrified,	100-mile-per-hour	service	to	
Milwaukee	from	the	Loop	every	hour.	Including	mainline	railroads,	in	1952,	there	were	37	daily	
trains	each	way	between	Chicago	and	Milwaukee,	with	some	making	the	85	mile	trip	in	just	75	
minutes.	(Official	Guide,	1952)	
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significantly impact any findings). Appendix D provides more details about Loop 
stations. 
 
While the Loop is today accessed at two points, Tower 12 at the southeast corner and 
Tower 18 at the northwest corner, it once had a third major entry point, Tower 8 at the 
southwest corner. (Originally, each station and junction was given a tower number in 
sequence, only Towers 12 and 18 are referred to today.) This allowed access to the 
Loop from the Metropolitan West Side lines, now the Pink Line and the Blue Line to 
O’Hare, as well as trains which operated on the Garfield Park Line, which was replaced 
by the Congress Line in the median of the Congress expressway in the late 1950s and 
runs into the Dearborn subway.  
 
Chicago was the last American city with an existing major rapid transit system to build 
subways through its central business district, since the Loop served this purpose from 
the early operation of the system. Boston’s first subway was built in 1897, New York’s 
in 1904, and Philadelphia’s in 1907, but Chicago’s were only plans until federal New 
Deal funding became available in the 1930s during the depression. (While some other 
cities extended their subway systems during the 1940s and 1950s, Chicago was the 
only significant subway construction to take place until the Great Society-funded rapid 
transit systems were built in the 1960s and 1970s, most notably in Washington, D.C., 
San Francisco (Schrag, 2014).) Subways had been discussed since the time of the first 
‘L’ lines, but there was never the political will or funding for design and construction to 
take place (CERA, Surface Service, 2013).  
 
The State and Dearborn-Milwaukee subways were planned to carry much of the 
system’s Loop-bound ridership and reduce the demand on the Loop ‘L’. Construction 
lagged slightly on the Dearborn subway and although it was 80% complete in 1942, it 
was not immune to wartime rationing, and was mothballed until after the war. The 
State Subway was deemed necessary to the war effort (particularly to move workers to 
wartime industrial sites) and was allowed to continue, with the line opening in 1943, 
nine years before the Dearborn Subway eventually opened.  
 
Until 1947, the CRT competed not only against private automobiles and steam 
railroads (to a small extent; the steam railroads mainly served the suburbs and ceded 
most in-city traffic to the ‘L’) but also against the surface lines of the Chicago Surface 
Lines. In the late 1940s and early 1950s, before the wholesale replacement of 
streetcars with buses, the CSL was not only the largest street railroad in the world, but 
also carried significantly more traffic than the ‘L’. While the ‘L’ had advantages with the 
ability to bypass congestion on busy city streets, it did not serve the same breadth of 
the city compared with the CSL (and some other surface operators) which operated a 
frequent transit line on the main street grid every half mile (with a few exceptions) as 
well as many diagonal streets. Many of these lines paralleled ‘L’ lines and provided 
surface transportation along the same corridors. In some cases—to best compete with 
surface lines—the ‘L’ provided more-frequent stops; with stations in some corridors 
only one quarter mile apart. (With a few exceptions, such as Wellington and Jarvis on 
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the North Side Main Line, these stations were closed soon after the merger of the two 
systems.) 
 
The CRT and CSL experienced high ridership during World War II, but given wartime 
restrictions following financial difficulties during the Great Depression, they were 
unable to invest in the physical plant of the railroads. In 1947, the surface and ‘L’ 
companies were taken over by a new public agency and combined into a single 
operating company, the CTA.  
 

3.2   Changes to the L, Loop and service area, 1947 to present 
 
In 1947, the Chicago Surface Lines were in bankruptcy, and the CRT system had been 
in receivership and had a physical plant in dire need of work (CERA). This led to the 
creation of the public Chicago Transit Authority to take over the two systems and 
provide a single operating company for all surface and rapid transit service in the city. 
(This is a similar date to other public takeovers of privately-run transit systems; see 
Appendix A for more information.) Notably, the CTA did not take over any commuter 
railroads operating into the city, nor did it take over interurbans or surface bus and 
streetcar routes in outlying communities. These were incorporated into the publicly-run 
Metra rail and Pace bus systems many years later.  
 
There were several changes to the CTA ‘L’ network shortly after the 1947 takeover. 
Several low-performing lines (mostly outlying lines running on the surface, but some 
elevated lines in the city) were abandoned. By the time these lines had been 
rationalized, nearly 25% of the system was abandoned, mostly these stub lines and 
outlying branches. During this time, the various terminals outside of the Loop were 
abandoned and service was run either on to the Loop or into the subways. The 
Dearborn Subway was opened in 1951, with trains running from Logan Square to 
LaSalle and Congress, and was connected to the new ‘L’ line in the median of the 
Congress Expressway in 1958, which replaced the Garfield Park ‘L’ and removed more 
traffic from the Loop. This route, then called the West-Northwest Route, is today’s Blue 
Line, and is the only CTA line which does not have any connection to the Loop ‘L’, as 
its original Loop connections were severed both north and south of the Subway. While 
the State Subway had been constructed in just five years, the completion of the 
Dearborn Subway took 20. 
 
Since the 1950s, there have been three changes to the operation of the Loop ‘L’, 
mostly concurrent with major highway and ‘L’ construction projects. In 1969, the Dan 
Ryan ‘L’ opened in the median of the Dan Ryan freeway, and operations changed 
significantly. The Lake ‘L’ was rerouted to run across the Loop and follow the Dan 
Ryan Line to 95th, and the Loop was changed from single-direction operation (with both 
tracks providing counterclockwise service, which had been the case since 1913) to the 
current bidirectional, right-hand-running structure. (This was the first time the Loop 
ever ran in a conventional, right-hand-running scheme; before 1913 it had been left-
hand-running (Garfield, 2019).) The extension of the Blue Line to O’Hare did not affect 
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Loop routing when it opened in stages from Jefferson Park to the current O’Hare 
terminal between 1970 and 1984.  
 
1993 saw the most extensive changes to the Loop since 1969, and, for the first time, 
the ensuing lines were given color demarcations. The Orange Line was opened from 
Midway to the Loop, with Orange Line trains added to the Inner Loop. Trains from 
Howard were rerouted from the Loop to the State subway and south to 95th, creating 
the Red Line service, using a short new tunnel from Roosevelt to Cermak-Chinatown. 
The Lake ‘L’ and South Main lines were closed for an extensive rebuilding in early 
1994, and were reopened as the Green Line two years later (other than a short portion 
on the South Side, which was abandoned and torn down). There were several factors 
behind the major restructuring at that time. In addition to the Orange Line opening and 
the Green Line rebuilding project, the completion of a long-planned connection 
between the Dan Ryan and State Subway lines allowed the changes to routes on the 
South Side. The changes were not based solely on infrastructure changes, however. 
As discussed below, ridership trends had concentrated more ridership on the North 
Side than the West and South sides, and the demand profiles of the system between 
different sides were not well-matched. Since then, the only significant change to Loop 
traffic has been the addition of the Pink Line, which was moved from the Dearborn 
Subway to the Inner Loop in 2006, meaning that it has been nearly three decades since 
any major restructuring of the rapid transit system was introduced. 
 

3.3   CTA Ridership Trends 
 
Much like other legacy transit systems, the CTA had two historical ridership peaks. The 
first was during the 1920s, when a booming economy combined with relatively low car 
ownership to drive transit ridership. Ridership dropped significantly during the 1930s 
during the Depression and with increased penetration of the automobile, but rose again 
during the Second World War, when fuel and tire rationing and the wartime economy—
especially in the heavily-industrial Chicago economy—pushed ridership up. After the 
war, it dropped significantly and quickly, as the increased availability of automobiles, a 
tired physical plant and degraded rail service, and policies which encouraged housing 
to be built outside of transit-served areas pushed travel into cars. This, combined with 
a falling city population and subsequent cuts to transit service, reducing the demand 
for transit.  
 
Chicago was once a city which relied mostly on surface transit: what was the world’s 
largest streetcar network in the 1940s was replaced by buses by the late 1950s; many 
of the PCC streetcars which were purchased for the surface system after the war were 
converted into rail cars which served the ‘L’ for decades. The bus system, which 
carried more than two million passengers on weekdays as recently as the mid-1960s, 
has steadily lost ridership since its peak as the availability of the highway system and 
surface congestion has nudged riders to their cars, especially for crosstown trips. 
Increasing roadway congestion and cuts in service frequency have cemented these 
ridership losses, although the system still provides relatively frequent all-day service 
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(compared to most major U.S. cities) on the city’s half-mile street grid, so that most 
Chicagoans are within a quarter mile walk of a bus route, and it is currently the nation’s 
third-largest bus system. While not explored in this thesis, the weakening of the bus 
feeder system could threaten the continued attractiveness of the rail system, and 
improvements to the bus system are likely to be needed to stem overall system 
ridership declines. 
 
The rail network lost ridership as well between 1950 and 1990, but after reaching a low 
point it has recovered most of these losses, rising faster than the city’s population. The 
ridership of the rail system today rivals, in total ridership, any point in the history of the 
CTA or its predecessor private railroads. While the CTA rail network has lost a bit of 
ridership in the past few years, utilization of the rail system has continued to grow at 
peak commuting hours. Fissinger (2019) shows that, based on clustering analysis of 
CTA users, the strongest CTA market segment are frequent customers who use the 
system during peak times. 
 
Neither has ridership growth been geographically uniform across the system. Certain 
parts of the CTA have lost ridership from their peaks, while others parts have grown 
significantly. Ridership has concentrated on the north and northwest sides, where rail 
service has been pushed to near capacity, while on the west and south sides there are 
few such capacity issues. In general, CTA trains operate to or through the Loop area, 
either on the elevated Loop ‘L’ or in the subways. The addition of the Orange Line in 
1993, the Pink Line in 2006, and additional service on the Brown Line have added to 
the already congested condition on the elevated Loop, which is constricted by the flat 
junctions and sharp turns in the Loop area. 
 
Much of this imbalance has been brought on by long-term population loss in Chicago, 
which has been concentrated in certain portions of the city. Even while per capita 
ridership may not vary across different regions, those which have lost significant 
population have seen declines in transit demand relative to those which haven’t. The 
city’s population peaked in 1950 at 3.6 million; it has lost one-quarter of the population 
since then, most of it between 1960 and 1990, and stands at around 2.7 million based 
on the 2010 census. (The overall metropolitan area has grown significantly during this 
period, but this growth has occurred in the suburbs. The CTA’s service area today is 
significantly smaller in population than it was in 1950.) Some portions of the city have 
grown or experienced small declines, while other neighborhoods have seen their 
populations reduced by half or more. This has led to some CTA routes serving 
neighborhoods with significantly less population than they served at peak population.  
 
Figure 3-1 shows the changes in population of Chicago’s “Community Areas” since 
1930, with recent decades since the last major system rerouting highlighted. Ridership 
gains have generally paralleled neighborhood demographics: areas with stable or 
increasing population since 1990 have seen more ridership gains. Subsequent 
chapters in this thesis will address how increasing ridership and rail service from these 
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neighborhoods has led to increasing congestion in the core of the city, particularly on 
the Loop ‘L’.    
 

 
Figure 3-1: Population in neighborhoods served by CTA rail lines since 1930. 

Data in Figure 3-1 is shown for Chicago “Community Areas” based on the 1930 to 2000 censuses and 
more recent American Community Survey data. The most recent data, since 1990, when the last major 
change to the CTA’s route structure took place, are highlighted. See appendix G for a list and map of 
which communities are incorporated in each category. (Paral, 2018) 
 
Figure 3-2 shows the change in ridership at L stations since 1996. This was chosen as 
the starting year because for portions of 1994 and 1995, the Green Line was closed for 
reconstruction, so data was not available. It shows that in the 20 years preceding 2016, 
when the data used in this thesis come from, there have been significant ridership 
increases concentrated in certain portions of the system, most notably on the North 
Side, along the O’Hare branch, and at stations near the Loop itself (Loop stations are 
not shown for clarity). 
 
On the South Side, ridership decreases on the Dan Ryan branch of the Red Line are 
somewhat offset by gains on the adjacent portions Green Line, likely as people 
changed behavior after the reopening of the Green Line in 1996. Overall ridership on 
the South Side shows a slight increase, with the losses along the Dan Ryan line 
balancing out the gains on the South Main. The stations along the southern portion of 
the Dan Ryan show the largest decreases, with ridership at 95th-Dan Ryan having the 
greatest decrease of any station in the network. 
 
 



	 38	

 
Figure 3-2: Ridership changes on the CTA, 1996 to 2016. 

Black circles indicate increases in ridership, red circles indicate decreases in ridership. The size of the 
circle is proportional to the nominal increase or decrease in ridership at each station. For clarity, data is 
not shown for elevated or subway stations in the Loop. 

Figure 3-3 shows the current flow of passengers towards the Loop at peak hours. 
These data show some of the current imbalance in the system. For instance, the 
O’Hare branch of the Blue Line has four times the traffic approaching the Loop as the 
Forest Park Branch, and significantly more traffic than the three lines coming from the 
west—Forest Park Blue, Pink and Lake Green—combined. On the North Side, the Red 
Line at Belmont is approximately equal to combined Brown and Purple lines. (Data 
between Belmont and the Loop is not shown because of the complexity of transfers 
between the Red, Purple and Brown lines.) From the south, the Red and Orange lines 
have similar ridership demand, both of which are significantly higher than the Green 
Line. The Red and Orange lines combined from the south have approximately the same 
demand as the Red Line—or the combination of the Brown and Purple lines—from the 
north. These passenger flows suggest that different pairings of lines may serve to 
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better integrate portions of the system with similar ridership characteristics, creating a 
more balanced network. This will be discussed further in this thesis. 
 

 
Figure 3-3: Flow diagram showing demand towards the Loop during AM peak. 
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Chapter 4    Current CTA ‘L’ operations and Loop congestion 
 
This chapter will provide a background on the physical operation and layout of the 
CTA. It will highlight some of the operational constraints the system faces and where 
congestion occurs in the system. It will then discuss in particular how Loop congestion 
was measured to inform further analysis, and establish critical values above which 
congestion occurs at higher rates. 
 
In 2019, the CTA operates eight rail lines covering more than 100 route miles in 
Chicago and several nearby communities. The system has more than 224 miles of 
track (some portions have local and express tracks) and serves 145 stations, with an 
additional infill station planned. The system operates with 1492 rail cars and runs 
approximately 2300 train trips per day. Frequent service is provided between 5 a.m. 
and 1 a.m., with earlier and later service on some lines and all-night service on the Red 
and Blue lines. The ‘L’ lines run on a combination of steel and concrete elevated 
structures, embankments, at-grade lines (including four lines with grade crossings), 
freeway medians and in subways, and across two drawbridges across the Chicago 
River (CTA, 2017). 
 
On most lines, service is provided at least every 12 minutes, excepting some outlying 
lines and branches and overnight hours. (This research will assume that this 12 minute 
policy headway structure should be maintained on all lines where it is currently in 
place, and optimally extended to other lines, in particular, to the South Main Green Line 
branches.8) At rush hours, much more frequent service is provided as demand requires 
and capacity permits. Three lines, the Red, Blue and Brown lines, provide service at 
least every three minutes at rush hour, with intervals between trains on the Blue Line as 
frequent as every 2:40 (22.5 trains per hour). On some portions of the system where 
multiple lines share the same track, up to 27 trains per hour are provide (a 2:13 
headway), and on the Loop itself, as many as 35 trains per hour are run on a single 
track. At Tower 18 at the northwest corner of the Loop, trains pass through a portion of 
the junction at a rate of more than 90 per hour, or a train more frequently than once 
every 40 seconds (depending on the routes required, up to three trains can traverse the 
interlocking at a single time). 
 
CTA rail cars are constrained by the original turning radii of the Loop ‘L’, as well as the 
width and height of the Loop tunnels. While cars are interoperable between all lines, 
the ‘L’ is restricted to using 48-foot-long, 9-foot-wide vehicles. Most lines operate with 

                                                
8	Other	than	early	morning	and	late	night	service,	the	only	exception	besides	the	Green	Line	is	
the	Skokie	Swift	(Yellow	Line),	which	operates	two-car	trains	at	15	minute	headways	outside	of	
rush	hour.	Moving	to	a	10	minute	headway	at	all	times	would	require	an	extra	train	at	off-peak	
times.	It	is	not	included	in	this	research	since	the	Skokie	Swift	has	quite	low	midday	ridership	
and	mostly	serves	park-and-ride	customers,	but	implementation	would	not	materially	affect	
any	results	of	this	thesis.	
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eight-car trains, which is the length of most platforms in the system (some platforms 
are longer, but the cost, disruption and expense to extend all platforms in the system—
and especially on the heavily-used portions of the ‘L’—to accommodate longer trains 
would be difficult). The Purple Line is restricted to six-car trains. All lines run shorter 
trains at some or all times of day based on demand (depending on demand, some 
switch to shorter consists during the midday, others only use shorter trains during 
overnight service), and the Yellow Line runs with two-car trains. About one third of the 
fleet, 520 cars, date to 1982 and there is currently a procurement process to replace 
these cars with new ones. Another 250 were procured in the early 1990s, and 714—or 
about half of the fleet—were put into service in 2009. An additional 846 cars will 
replace the oldest portion of the fleet, going into service in the early 2020s (Shropshire 
(2017). (The CTA also maintains a “heritage fleet” kept in operating condition and used 
on special occasions, the oldest of which dates to 1928 (CTA 2019).) 
 
The physical infrastructure of the railroad has been updated in recent years through 
several large-scale rebuilding programs. The Green Line was fully rebuilt in the mid-
1990s and the Pink Line in the early 2000s. The Brown Line was extensively 
rehabilitated in the mid-2000s, and a portion of the Red Line along the Dan Ryan 
Expressway was shut down for several months for a full rebuild in 2013. The agency is 
currently undertaking rehabilitation of its busiest routes, the Red and Blue lines, to 
maintain and upgrade track and signaling, and in some cases to fully rebuild elevated 
and embankment structures. Normal operating speed on tangent track is 55 mph, with 
slower speeds necessary through many of the curves in the system. Slow orders, 
which were in place on as much as 22% of the system in 2007, now account for 8 to 
12% of the system (with the long-term goal of reducing this further) (CTA 2019b).  
 
The Loop operates today, as it has since 1969, as a typical, right-hand-running, dual-
track rail system with flat junctions at the southeast (Tower 12) and northwest (Tower 
18) corners. There are two stations on each side of the Loop, some of which provide 
transfers between the two sides of the Loop, between the Loop and subway lines, 
between the Loop and bus lines, and are located in proximity to some Metra 
Commuter Rail stations.  
 

4.1   Measuring Train Traffic 
 
For each train movement on the CTA’s rail system, data is collected when the train 
passes over track circuits along the route. This is collected through the CTA’s SCADA 
(supervisory control and data acquisition) system, which archives all of these data in a 
SQL database. This can be queried between different points to measure the time it 
takes for each train to traverse a specific segment of railroad, and, in aggregate, to 
measure the average travel time between two points on the line. For this research, this 
was of particular interest for areas where trains experience bottlenecks, congestion 
and delays due to train traffic and congestion, mostly on or in the vicinity of the Loop, 
but also at some outlying terminals, specifically at Howard, where three separate lines 
operate four different service patterns based on the time of day. 
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For service on the Loop, there were two groups of cases measured. The first was to 
compare the time required to traverse the whole Loop for different rail lines with 
different performance characteristics (entry and exit points and loading patterns). The 
second looked at specific segments of the Loop to measure the average travel time 
across specific sections of the Loop, to best measure where delays are most likely to 
occur, and at what magnitude. Each of these will be discussed in further detail below. 
 
Given the current normal operation of the Loop ‘L’, there are six separate operating 
patterns on the Loop: 
 

• Green Line eastbound/southbound, Inner Loop, Lake and Wabash legs only. 
Straight-through moves at Towers 12 and 18. 

• Green Line westbound/northbound, Outer Loop, Lake and Wabash legs only. 
Straight-through moves at Towers 12 and 18. 

• Brown Line, enter and exit at Tower 18, via Outer Loop. Straight-through at 
Tower 18 entering, left at Tower 12, right at Tower 18 exiting. 

• Pink Line, enter and exit at Tower 18, via Inner Loop. Straight-through at Tower 
18 entering, right at Tower 12, left at Tower 18 exiting. 

• Orange Line, enter and exit at Tower 18, via Inner Loop. Left at Tower 12 
entering, right at Tower 18, straight-through at Tower 12 exiting. 

• Purple Line, enter and exit at Tower 18, via Inner Loop. Left at Tower 18 
entering, right at Tower 12, straight-through at Tower 18 exiting. (Pattern 
operates during weekday peak hours only.) 

 
Delays on the Loop ‘L’ due to congestion occur mainly at peak hour. These delays are 
attributable to a combination of passenger congestion—which increases dwell times 
and decreases throughput—and the total number of the trains on the Loop at peak 
times. At off-peak hours, there are 14 trains per hour on the Outer Loop and 17 on the 
Inner, and delays are minimal. At peak times, traffic increases to 18 to 24 trains per 
hour on the Outer Loop (more during the morning peak, when more Brown Line service 
is run, compared to the evening, when more Purple Line service is run) and 28 to as 
many as 35 trains on the Inner Loop. It is during these times that significant delays are 
observed. 
 
There are four major potential causes of peak-hour delays on the Loop, when 
compared to off-peak times with less traffic: 
 

1. Passenger Congestion. If delays were mostly due to passenger traffic in the 
form of increased dwell times at station due to overcrowded trains and 
platforms, we would expect to see relatively uniform changes in delays between 
the Inner and Outer Loop tracks.  

2. Overall System Train Congestion. If congestion is due to system-wide 
operating conditions outside of the Loop, we would expect to see more uniform 
changes.  
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3. Tower Operating Speeds. At Towers 12 and 18, speeds are significantly more 
restricted for turning movements (10 mph) as compared to through movements 
(35 mph). If tower operations are a constraint, we would expect to see longer 
travel times for routes with turning movements as compared to straight-through 
movements. We would also expect less of a peak/off-peak variation, although 
fewer turns at peak times would result in smoother operations.  

4. Volume of Loop of Train Movements. If delays are due mostly to the volume of 
train movements on the Loop, we would expect to see differing changes in 
delays between Inner and Outer Loop tracks at peak hour. 

 
The CTA’s SCADA system allows the CTA to monitor all train movements, and to 
quantify delays on the Loop (and, in fact, between any two points in the network). Data 
is collected from system-wide “QuickTrack” sensors which detect and report train 
movements for a variety of uses and are stored in a SQL database. By choosing 
locations just outside of the Loop for each line, we can calculate the time around the 
Loop for each line. Using locations outside of the Loop allows these analyses to fully 
capture the congestion in the Loop. However, these locations create slightly different 
baseline run times between different lines, since the sensors for each line are different 
distances from the Loop itself (except in the case of the Brown and Purple lines, which 
enter and exit the Loop via the same tracks). These travel time differences are relatively 
small, and the variability in travel times at different times of day on routes with similar 
Loop service patterns track each other well.  
 
The analyses are carried out by aggregating a month of data (using weekday data only) 
and analyzing the percentiles for each line’s Loop operation. Using percentile data is 
important, as it reduces the impact of any outliers, since the 50th percentile is a median, 
and other percentile calculations are not affected by just a few large outliers9. Bates 
(2001) noted that medians are preferable to means, and 90th percentiles are also 
important. These calculations then remain valid without having to worry about the 
effect of strong outliers, which may be affected by irregular operating conditions, which 
would fall outside of this range.  
 

4.2   Results of Congestion/Delay Analysis 
 
These following figures show the current estimated delays for each Loop line and 
segments. For each line, the figures present a full month of operating data (October, 
2016). In Figures 4-1 through 4-6 and 4-9, each point is an observed data point for a 
train traveling in the defined segment, and the lines show the 5th, 10th, 25th, 50th 
(median), 75th, 90th and 95th percentile running times. These results indicate that there is 
considerable variation in travel time at times when certain tracks of the Loop are most 

                                                
9	For	instance,	data	would	not	be	affected	by	biweekly	bridge	lifts	on	the	bridges	adjacent	to	
the	Loop,	which	can	delay	some	trains	by	several	minutes.	
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congested, and that there is a relationship between the number of trains on the Loop 
and the congestion observed.  
 
For example, the Brown Line runs on the Outer Loop, and experiences only small 
differences between peak and off-peak travel times: 
 

 
Figure 4-1 Brown Line Loop operation data. 

 
The Orange, Purple and Pink lines run on the Inner Loop; with the Purple Line running 
only during morning and evening rush hour, and experience more variability and a 
particularly strong peak delay in the evening. 
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Figure 4-2: Orange Line Loop operation data 

 

 
Figure 4-3: Pink Line Loop operation data 
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Figure 4-4: Purple Line Loop operation data 

 
An empirical examination of these data show that the number of train movements is 
the likely cause of congestion on the Loop. There is little observed data to suggest that 
passenger movements, turning movements or overall system congestion leads to 
delays on the Loop (although these may be partial factors). It is clear that at peak hour, 
there is significantly more congestion on the Inner Loop than the Outer Loop. For 
instance, just an observation for Purple Line trains running from Wacker Drive (south of 
the Wells Street Bridge over the Chicago River) to Clark and Lake (see Figure 4-5) 
accounts for much of the delay for Purple Line trains. 
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Figure 4-5: Inner Loop operation data for Green and Pink Line trains from Wacker Drive to 
Clark/Lake Station 

 
There are similar delays for Orange Line trains that approach Clark/Lake from the south 
(Figure 4-6): 
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Figure 4-6: Loop operation data for Orange and Pink Line trains on the Inner Loop from Tower 
12 to Tower 18. 

 
To illustrate the differences in line and route segment congestion/delays, it is possible 
to compare the Brown and Purple lines, which operate in tandem into and out of the 
Loop along the Ravenswood Connector. These lines are subject to the same operating 
conditions north of the Loop, but diverge when operating in the Loop, with the Brown 
Line running straight around the Outer Loop, while the Purple Line turns left at Tower 
18 and runs around the Inner Loop. Thus, any upstream effects for trains entering the 
Loop, or downstream effects for trains leaving the Loop, would be the same for both 
lines.  
 
The differences between lines operating on the Inner and Outer Loop tracks is quite 
apparent. The median Brown Line travel time varies by only 1:30 between midday and 
peak, with 90th percentile values differing by only 4:00. The lines using the Inner Loop 
vary considerably more, with median values differing by 4:00 and 90th percentile values 
differing by 6:00.  
 
This comparison of the Brown and Purple lines, which share tracks and experience the 
same conditions between Belmont and the Loop before operating on different tracks 
around the Loop, shows that the Brown Line has less significant variation at peak times 
when compared to off-peak operation, the Purple Line faces more significant 
congestion, and the congestion on the Purple Line is similar to the congestion 
experienced by the other lines serving the Inner Loop. By examining where on the 
Loop this congestion occurs, it is apparent that much of the congestion occurs where 
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the lines merge at Tower 18. At peak times, trains approaching Clark/Lake station on 
the Inner Loop arrive from three separate lines and four separate terminals: Purple Line 
trains from Linden via the Ravenswood Connector, Green Line trains from Harlem via 
the Lake ‘L’, Pink Line trains from 54th/Cermak also via the Lake ‘L’ and Orange Line 
trains from Midway via the Inner Loop.  
 
If perfectly scheduled, there would be one train every 1:40, which might be possible to 
meter into a single track (putting aside the presence of the flat crossing and turning 
junction at Tower 18). In reality, all of these trains share track approaching this 
bottleneck with other lines, and all travel a significant distance from their terminals. 
Both of these factors add in variability and uncertainty which means that, for all intents 
and purposes, trains arrive at Tower 18 mostly at random. Thus, there are regular 
occurrences where three or four trains may approach Tower 18 at once. In this 
situation, some of the trains are not only delayed by several minutes (because they are 
unable to access the platform at Clark/Lake if it is already occupied), but they also 
cause delays for the other lines on the shared track. For example, if the station is 
occupied by a Green Line train, an Orange Line train waiting to access the station may 
delay a northbound Linden-bound Purple Line train behind it on the Inner Loop, while a 
Loop-bound Purple Line train waiting to make the left turn into the station may delay a 
Brown Line train behind it bound for the Outer Loop on the Ravenswood Connector. 
 
Figure 4-7 shows six operating conditions on different tracks at different times of day, 
the scheduled throughput on each track during those times, and the measured travel 
time for trains to travel around the Loop ‘L’. At less-congested times, during the 
midday, or for Outer Loop service, there is not much difference in Loop travel times: 
Outer Loop peak service takes only marginally longer (about 1.5-2 minutes) to travel 
around the Loop than Outer Loop service at the midday, when half the number of trains 
operate. Beyond 27 scheduled trains per hour, however, there are two impacts from 
Loop congestion. One is that the median travel times increase: while trains at less-
congested times take between 13 and 15 minutes to travel around the Loop, Inner 
Loop peak trains take nearly 19 minutes. There is additional impact to the 90th 
percentile as well. During lower-demand times, the 10th-to-90th percentile range varies 
from 3 to 4 minutes, but the range for the Inner Loop during the evening peak hour is 
nearly double, with a 7-minute difference, skewed towards the 90th percentile. The 50th-
to-90th percentile difference for this case is 4 minutes, and the 90th percentile for a train 
on the Inner Loop—23 minutes—is 6 minutes, or 35% longer—than the Outer Loop.  
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Figure 4-7: Loop Travel time under different train traffic conditions. 

  
At particularly congested periods, this bottleneck can be partially managed through rail 
operation procedures, but these do not address the root cause of the congestion. The 
data presented here already include times when these procedures take place. There is 
sufficient room west of the Clark and Lake Station platform for a six-car train to clear 
the Tower 18 interlocking while stopping short of the platform, and a signal at the near 
end of the platform allows this movement, although with minimal separation between 
vehicles and only at low speed. A train can thus clear Tower 18 while there is another 
in the station, if the train itself is short enough. However, it cannot proceed into the 
station until the train occupying the station has cleared the signal block there, so to 
allow for maximum throughput, operators can operate “on sight” by bypassing the 
signal system (often called a “six four” since it is based on operating rule 6.4) allowing 
them to move a train into the station as the train ahead accelerates out. While this 
procedure does have the ability to improve throughput, albeit at a slightly increased 
safety risk, relying on such a movement is not a long-term sustainable strategy to 
increase throughput and capacity. Signal blocks on the Loop are already quite short, 
so shorter blocks would not allow for significant improvements, and while newer 
continuous block train control (CBTC) signaling may allow for some increased 
throughput, a thorough analysis of the benefits of CBTC is beyond the scope of this 
research. However, Sindel (2017) found that on the Green Line in Boston, where light 
rail trains operate in a subway at up to 40 trains per hour, improved signaling might 
actually reduce throughput. 
 
There is the potential for some infrastructure-based solutions as well. The ‘L’ platforms 
at Clark/Lake were extended west when the station was rebuilt in the early 1990s to 
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allow for an in-system connection between the “Lake Transfer” Dearborn Subway 
station (as it was known at the time) and the Clark/Lake elevated station. This shortens 
the distance between the platform and Tower 18, creating some additional congestion, 
but also shortens the distance for passengers transferring between lines, so any 
change to the platform may slightly increase the overall transfer time for these 
passengers (as well as moving the platform access point nearer to the end of the 
platform, potentially increasing platform congestion as well).  
 
Figure 4-8 shows a detail map of the Loop ‘L’ as configured today (a full CTA system 
map can be found in Appendix C). At rush hour, the Orange, Purple, Pink and Green 
lines all operate eastbound along the Lake and Wabash portions of the Loop (the north 
and east segments, or top and right on this map). These four lines approach the Loop 
from three directions with the Purple Line taking a left from the Ravenswood 
Connector, the Green and Pink lines approaching from the west along Lake Street and 
the Orange Line taking a right from the south. In this map, Tower 18 is at the northwest 
corner, with Tower 12 at the southeast. 
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Figure 4-8: Current Loop map, showing lines feeding into the Inner Loop (arrows), and the 
portion of the Inner Loop with the most congestion. 

During the 2020s, the State/Lake station to the east of Clark/Lake on the Loop ‘L’ is 
planned for reconstruction and full ADA accessibility (Koziarz 2017). This project alone 
will require a capital outlay likely to exceed the cost of the $75 million 
Washington/Wabash station which was completed in 2017. While there has been some 
internal agency discussion of a single Clark/State/Lake north-side-of-the-Loop 
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“Superstation”, this type of solution would be even costlier, and the benefits unclear. 
While it would likely allow more streamlined operations, transferring passengers at 
platforms between Clark and Lake would all require longer walks, and accommodating 
additional passengers at a single stop may increase platform congestion, especially 
given the relatively narrow Lake Street right-of-way—80 feet wide; which is 20 feet 
narrower than Wabash—in which the station envelope must be built. By reducing some 
traffic on the Loop as some of the proposed alternative routings will suggest, future 
congestion of passengers on platforms and in stations will be mitigated. 
 

4.3   Congestion Outside of the Loop 
 
There are additional congestion considerations outside of the Loop. The two worst 
bottlenecks on the system outside of the Loop today occur on the North Side Main 
Line. One is at Clark Junction, where northbound Brown Line trains must cross from 
one side of the four-track line to the other, blocking northbound Red Line service and 
all southbound service as they do. The “Red Purple Bypass” portion of the Red-Purple 
Modernization project, which is currently under construction, will remove this conflict.  
 
The second bottleneck is at the Howard Terminal. At this location, three lines share 
four tracks and two platforms, and at peak hour as many as 39 trains pass through the 
station in each direction, many of them terminating and requiring staff to clear the cars 
to assure that passengers do not remain on the train and ride into the yard or on other 
non-revenue track. Depending on the time of day, Purple Line trains may run through 
the station as express trains, operate as shuttles which change direction south of the 
station (crossing from one outside track to the other), or, at the beginning and end of 
rush hour, both. Trains are assigned to platforms on an ad hoc basis; a terminating 
Red Line train may be crossed over from the normal outbound tracks to an inbound 
track to allow it to return south. Purple Line express trains are sometimes routed 
around Red Line trains waiting to access Howard. 
 
This bottleneck is apparent from the same SCADA data as was previously presented 
on the Loop. At uncongested times, Red Line trains have a median travel time of 2:00 
from Morse to Howard, and even the 90th percentile run time is only 20 to 30 seconds 
longer. However, when both Purple Line shuttle and express service is running at the 
end of rush hour, delays for Red Line trains can increase significantly. The median time 
increases by 30 seconds, but the 90th percentile time is 6:00 in the morning and 7:00 in 
the evening. This delay represents 7 to 8 percent of the total travel time from 95th to 
Howard. Figure 4-9 shows congestion approaching Howard Terminal. 
 



	 54	

 
Figure 4-9: Congestion at Howard Terminal 
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Chapter 5    Alternatives Development 
 
Several alternatives were considered to attempt to reduce congestion on the Loop ‘L’. 
This chapter will introduce the concept of an alternatives analysis, and various 
elements which were considered during the alternative development, as well as 
constraints which each alternative was subject to. It then discusses the alternatives 
which were carried forward to final analysis, and includes line diagrams for each. 
 
This research project originated with an examination of congestion delays and their 
primary causes on the Loop ‘L’, as well as ways to mitigate such congestion. As is 
shown in Chapter 4, there are portions of the day with as many as 35 trains per hour on 
single Loop tracks. This level approaches some of the most frequent service provided 
on any heavy rail line, with the added complication in Chicago of the proximity to low-
speed, flat junctions with multiple conflicting movements. In order to reduce the 
number of trains operating on the most-congested sections of the Loop ‘L’, several 
potential changes to the operation of the system were examined, and these elements 
were combined into alternatives. Each of these alternatives were subject to constraints, 
and six alternatives were carried forward for full evaluation. 
 

5.1   Initial Alternative Development 
 

5.1.1   Elements Considered 
 
The following rerouting elements were identified initially to reduce congestion on the 
CTA network: 
 

• Orange Line in State (Red Line) Subway. This would route the Orange Line 
through the State Subway and pair it with a line along the North Main Line. This 
would better utilize the existing capacity in the State Subway and would reduce 
Loop congestion by removing the Orange Line from the Inner Loop. 

• Purple Line in State Subway. This would move Purple Line service from the 
Loop to the State Subway, and would reduce Loop congestion by removing the 
Purple Line from the Inner Loop. 

• Through-routing at Howard. This would provide direct service from the Evanston 
Branch to the Loop (beyond the current rush hour routing) or between the 
Skokie Branch and the Loop. The Skokie through-routing service was not 
included in any alternative because of the significant additional infrastructure 
required to run longer trains on the branch. 

• Pink Line in Dearborn Subway. This would restore the pre-2006 routing of the 
Douglas Branch from 54th/Cermak to O’Hare, with the Blue Line splitting south 
of Racine to serve these two branches. This would reduce Loop congestion by 
removing the Pink Line from the Inner Loop. 

• Through-routing service on the Loop. This includes routing trains from Harlem to 
Kimball via the Loop, operating straight through Tower 18, or interlining the 
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Green and Pink lines across a portion of the Loop, or the current Orange-Brown 
interlining used for peak-hour service, or other such combinations. Variants of 
this alternative may include interlining on any of the three loop approaches. This 
would reduce Loop congestion by reducing the number of movements on the 
Loop in two ways. First, trains which currently operate on the Loop would be 
combined, reducing their overall number, and trains which operate around the 
full loop would only operate around half of the Loop, reducing the impact of 
each on congestion. (In other words, a train which runs around the full Loop 
interacts with towers three times, twice at the tower where it enters and once 
where it turns to continue around the Loop, whereas a train which operates 
through the Loop, like the Green Line does currently, operates on only half the 
Loop and interacts with towers only twice.) 
 

5.1.2   Alternative Constraints  
 
The elements used to create these alternatives here are subject to a number of 
constraints. One constraint was to not reduce overall service on any line, with the 
exception of some changes to service intervals of less than one minute. 
 
Alternatives should not reduce service on any line beyond the current minimum interval 
of 12 minutes at any time of day. The only exception to this is on the two southern 
branches of the Green Line to Cottage Grove and Ashland/63rd. These branches 
currently have peak service every 15 minutes and off-peak service every 20 to 24. 
Some alternatives retained this level of service, while others are proposed so to 
increase these frequencies to match this 12-minute policy interval minimum in order to 
provide equitable access to the economic opportunity in the Loop from the South Side.  
 
In every alternative, all lines should maintain at least some service to Clark and Lake 
Station. Clark/Lake provides the only in-system connection between the Loop ‘L’ and 
the Dearborn Subway, and without service to Clark/Lake, some passengers would be 
required to make out-of-system changes to reach the Blue Line from the rest of the 
system, using sidewalks outside the control of the CTA to make these changes. This is 
a particular issue for mobility-impaired passengers, especially for transfers which are 
required to take place outside of the system, and where the CTA does not control the 
full path of travel for passengers. While there is an out-of-network transfer available 
from Library Station on the Loop to Jackson on the Dearborn Subway, the accessible 
entrances to these stations are two city blocks apart, and the CTA does not control the 
sidewalks in between, so maintaining access for this to be an accessible transfer 
would be difficult.  
 
In some potential alternatives, an additional option for passengers requiring an 
accessible connection between lines accessing the Loop but not serving Clark/Lake 
would be to ride through to Roosevelt and change to a train serving the other side of 
the Loop to return to Clark/Lake, but this would impose a significant travel time penalty 
on these customers. In alternatives where service to Clark/Lake was not available on 
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every line, service to both sides of the Loop was included from all three trunk lines 
serving the Loop, so that passengers wishing to access Clark/Lake (or, indeed, any 
station on the Loop) could simply exit a train before the Loop and, from the same 
platform, board a train on the same track to continue their journey, incurring only a wait 
time penalty, but not additional travel time. For the purposes of this analysis, this is 
deemed as an acceptable mitigation for the loss of direct service to Clark/Lake, but 
should be fully vetted in regards to ADA accessibility regulations (these alternatives are 
assessed a negative value in the eventual scoring of each because of this change). This 
would be less of an issue if there was an accessible connection between the Blue Line 
and Loop along Van Buren Street, although this would require significant capital 
investment. 
 
Each alternative should have a demonstrable positive effect on Loop congestion. For 
instance, an alternative combining the Orange and Brown lines on the Loop may 
require routing more trains on the Inner Loop through Clark/Lake, and would not 
reduce the number of trains at rush hour. While all or some of these trains could be 
routed down the Wells/Van Buren leg of the Loop, this would not provide necessary 
service to Clark/Lake, and would thus not fulfill the Clark/Lake service constraint. 
Alternative 6 addresses these constraints by adding additional service patterns. 
 
Alternatives should have at most a modest capital outlay, and generally rely on 
changing existing service, rather than significantly adding or lengthening track, 
stations, platforms or additional connections.  
 

5.2   Alternatives Developed 
 
Using these elements, several potential alternatives were created and examined for 
feasibility. Before a full analysis of passenger and operations was considered, these 
alternatives were placed into groups with similar characteristics, and, in general, only 
some from each group were carried forward to full analysis. To put it another way, 
each group is a collection of ideas around a single element, with different alternatives 
iterating and extending the idea. In addition, there are some alternatives which 
combine elements from multiple groups. 
 
For each alternative, a line diagram was created to show how each separate service 
would operate. An example diagram for the current CTA is shown in Figure 5-1. For the 
alternatives, a dashed line will show areas where infrastructure is changed from the 
current route structure.  
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Figure 5-1: Current CTA network 

5.2.1   Group 1: Reroute Some Service from the Inner Loop to the State Street Red 
Line Subway  

 
The first group includes moving some service from the Loop to the State Subway. As 
currently operated, the State Subway uses only about 75% of its overall capacity, with 
20 to 22 trains per hour operating in the peak direction (from Howard to 95th in the 
morning, and from 95th to Howard in the afternoon), but just 10 to 12 operating in the 
off-peak direction. This introduces several inefficiencies. It requires that approximately 
15 train sets operate south from Howard to 95th in the morning, layover at 95th during 
the day, and then operate back to Howard in the afternoon, utilizing the 95th Street 
Yard for midday storage. It also requires significant operator deadheading; after an 
operator finishes a trip with one of these sets, they are usually required to ride back to 
their operating base before their next in-service trip due to this directional imbalance.  
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This group of alternatives would interline the Red and Orange lines north of Roosevelt, 
or alternatively, to move the Purple Line to the State Subway. When the current route 
of the Red Line was created in 1992 (it had formerly been paired with the Lake ‘L’, but 
a new track connection allowed Dan Ryan trains to access the subway), the Dan Ryan 
and Howard lines had similar ridership (Garfield, 2019b), but since that time, ridership 
growth on the North Side has significantly outpaced that on the South Side. Current 
data show that the ridership coming into the Loop from the North Side is approximately 
equal to ridership from both the Red and Orange lines from the south. With the existing 
flying junction at the 13th Street Interlocking where the two lines would combine in the 
subway, Red and Orange line trains can be interlined with minimal operational issues. 
 
This current non-revenue ramp has been used in the past during planned construction. 
During several recent periods, some peak service has operated between Howard and 
the Ashland (Green Line) Yard while platforms were under reconstruction at 95th and 
only one platform was available there. During the reconstruction of the Dan Ryan 
branch in 2013, all Red Line service was routed to Ashland/63rd on the South Side (with 
all Green Line service operating to Cottage Grove), again using this ramp facility (CTA, 
2013). In these Orange Line interline scenarios, every other southbound train in the 
State Subway would operate to Midway, instead of to 95th. Service levels would be 
maintained or improved at rush hour, with 3 minute intervals trains to and from Howard 
at peak hour splitting to maintain the current 6 minute intervals on the Dan Ryan and 
Midway lines. At off-peak hours, intervals would provide similar levels of service on the 
two branches, with increased service on the North Main Line, from every 7.5 minutes to 
every 4. (Except on Saturdays, when the Red Line operates service every 6 minutes 
during the day.) Additionally, we must account for the additional time for passengers, 
particularly those on the Orange Line, to access destinations on the west side of the 
Loop. 
 
Another State Subway alternative involves moving the Purple Line off of the elevated 
Loop. The Purple Line operates on express tracks adjacent to the Red Line south of 
Howard, before interlining with the Brown Line on the Ravenswood Connector to reach 
the Loop. By moving it to the State Subway and augmenting Red Line service (and, 
given the transfer station at Wilson, allowing some Red Line commuters to take the 
new Purple Line to the State Subway), traffic would be moved off of the Loop, enabling 
a reduction in congestion.  
 
Consideration would be needed to provide a connection from the Ravenswood 
Connector to the Wells/Van Buren leg of the Loop; without the Purple Line, passengers 
boarding on the Wells Street side of the Loop would have to ride a Brown Line train 
around the Loop to return to the Ravenswood Connector. Providing this service pattern 
could be facilitated by looping some Brown Line trains on the Inner Loop, which would 
have additional capacity.  
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Depending on the scenario, the Purple Line could be run south to 95th, run to one of 
the South Main branches south of the Loop, or interlined with the Orange Line to 
Midway. An additional scenario would include a Purple Line which short-turned either 
on the elevated structure south of Roosevelt (likely at the 37th Street Middle track) or at 
a new loop facility near the Dan Ryan portal north of 18th Street built on CTA-owned 
land, although this would require a significant capital outlay. 
 
These are the alternatives in this group: 
 

• Split the current Red Line south of Roosevelt, with half of the service operating 
to Midway and half to 95th. This alternative was carried forward for full 
analysis as Alternative 1. 

 

 
Figure 5-2: Alternative 1: Red/Orange interline Howard to Roosevelt 
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• Interline the Orange and Purple lines in the State Subway, with one service 
running from Linden to Midway and one from Howard to 95th. There are several 
sub-variants to handle the behavior of the Purple Line between Howard and 
Belmont: 

o Running the Midway service only to Howard at peak hours, and retaining 
the current Purple Line service to the Loop ‘L’ service pattern during that 
time. 

o Running Midway-Linden service at all times, using the express tracks 
during peak times and local tracks at other times. This alternative was 
carried forward for full analysis as Alternative 2.  

 

 
Figure 5-3: Alternative 2: Combine Purple/Orange lines in State Subway, peak hour express 
Howard-Belmont. 
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o Running Midway-Linden as a local-express service at all times. To 
balance ridership, this option would likely only be feasible with an 
additional local-express transfer stop which is planned for a later stage of 
the RPM project. 

• Interline the Red and Purple lines, with Purple Line trains operating to a turn 
back south of Roosevelt. This would either require capital outlay for a loop at 
18th, or the use of the 37th Middle track south of 35th-Bronzeville-IIT (Levitt, 
2018). Using the 37th Middle would require trains to travel two miles south of 
Roosevelt and be cleared of passengers at 35th (potentially delaying trailing 
Green Line trains), although it would be possible to build a closer turn back 
further north along the South Main (which was originally three tracks) closer to 
Roosevelt. This element will be used in Alternative 6, described separately. 

 
5.2.2   Group 2: Return the Pink Line to the Dearborn Subway 

 
From the opening of the current highway-alignment Forest Park branch of the Blue 
Line in 1958 until 2006, the Douglas Branch to 54th and Cermak, which is now the Pink 
Line, was operated as a branch of the Blue Line splitting off of the highway median via 
a ramp west of Racine. The Douglas Branch was rerouted across the Paulina 
Connector in 2006 and rebranded as the Pink Line, originally for a 180-day pilot (see 
Appendix F for a more-detailed history of the Pink Line). Surveys showed that the 
majority of customers preferred the new arrangement, and that riders on the Forest 
Park Blue Line, who received more-frequent service (previously, with branching, off-
peak frequencies on the Douglas and Forest Park branches of the Blue Line were every 
15 to 20 minutes at off-peak times), perceived faster trips because of this reduced 
waiting time (Garfield, 2019). After the pilot, the change was made permanent. 
 
This alternative would return to the pre-2006 configuration. Loop congestion relief 
would be realized by removing the Pink Line from the Inner Loop, where it had been 
added. In order to meet service delivery standards, service would be provided at least 
every 12 minutes on the two southern branches of the Loop, which would provide 
more frequent service on the trunk of the Blue line during most off-peak times. This 
would also aid the system operationally; the Blue Line was originally designed to 
operate out of the Rosemont Yard on the O’Hare Branch and a combination of the Des 
Plaines and 54th yards on the southern branches, and this would rebalance the yard 
operations. No capital outlay would be required.  
 
This alternative was carried forward for full analysis as Alternative 3. 
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Figure 5-4: Alternative 3: Return Pink Line to Dearborn Subway 

 
5.2.3   Group 3: Interline the Orange and Brown Lines Across the Loop 

 
The Orange and Brown lines each operate onto and around the Loop at peak hour, and 
interlining them to provide through service from Kimball to Midway would reduce the 
overall number of trains operating on the Inner Loop. It would also allow more 
balanced operations between the Midway and Kimball yards, as the Kimball Yard is 
overburdened and cannot provide enough cars to run the required number of Brown 
Line trains. During the morning peak, several trains operate from Midway to Kimball in 
order to fill some of this gap (these trains are referred to as “Ravensway” trains, since 
they operate on the Ravenswood Branch and the Midway Branch). These alternatives 
would interline all service between Midway and Kimball. 
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Since there is more peak demand on the northern portion of this route compared with 
the southern portion, there are several options to run service from the Loop south: 
 

• Run all service from Kimball to Midway. 
• Turn some peak trains south of Roosevelt at the 14th Middle track. 
• Run alternating trains around the Loop and west along the Lake ‘L’ to Harlem or 

54th along the Lake ‘L’, which will be discussed further in Group 4.  
 
There are two related issues with this alternative. One is that in order to provide the 
desired Loop congestion relief, it requires running service from the north side along the 
Wells/Van Buren legs of the loop, bypassing Clark/Lake and raising ADA accessibility 
issues. If service is run via the Lake-Wabash L tracks, it allows these easier ADA 
transfers, but has a minimal effect on Loop congestion and reduces service from the 
Wells/Van Buren legs of the Loop to the north side.  
 
To mitigate for this, a modified Brown-Orange interline alternative was developed and 
carried forward to full analysis which included several other elements and is described 
below in Group 4. 
 

5.2.4:   Other Alternatives, and Those Using Multiple Elements 
 
This group of alternatives is a catchall for other alternatives which use elements and 
combinations of the above groups. 
 
One of these would interline the Lake portion of the Green Line with the Brown Line, 
along with combining the Douglas Branch (Pink Line) and the South Main portion of the 
Green Line, achieving a reduction in Loop congestion by eliminating left turns at Tower 
18 (and, except for the Orange Line, all trains would operate as straight movements, 
which can operate at 35 mph, while turning movements at the Towers are limited to 10 
mph). This would also facilitate additional service to the West Loop, as well as reducing 
demands on the Kimball Yard. This alternative was carried forward for full analysis 
as Alternative 4. 
 



	 65	

 
Figure 5-5: Alternative 4: Interline Green Line (Harlem) and Kimball, Interline Pink Line 
(54th/Cermak) and Green Line (South Main). 

 
An additional alternative would combine several elements described above. It would 
begin by interlining the Orange and Purple lines (from Group 1). The Brown Line would 
be interlined with two branches of the Green Line, one around the Loop 
counterclockwise and out to Harlem (as discussed above) with the other running along 
the Lake and Wabash legs of the Loop and following the South Main line to the 
Ashland Yard. The orphaned Loop branches to Cottage Grove and 54th would be 
interlined across the Loop, with trains turning left at Tower 12 and running via Van 
Buren and Wells streets before taking a left at Tower 18 to continue west along Lake 
Street and then on to the current Pink Line.  
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This would facilitate Loop congestion relief by reducing the number of trains on the 
Loop, and each line entering the Loop would provide two separate lines, one accessing 
each side of the Loop. (Some trains would not serve Clark/Lake, but transfers would be 
available by alighting these trains at Merchandise Mart, Roosevelt or Clinton and 
boarding the next train, which would run to Clark/Lake.) There would be additional 
capacity on the Ravenswood Connector and the Loop for increased service as well. It 
would also better balance yard requirements. This alternative was carried forward 
for full analysis as Alternative 5. 
 

 
Figure 5-6: Alternative 5: Interline Red and Orange (Alt 2), Interline Pink and Cottage Grove, 
Interline Kimball with Ashland and Harlem. 

 
To test the efficiency of a Brown-Orange interline, an alternative using such a routing 
as a base was created. Similar to the Alternative 5, Kimball trains are split, with some 
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routed south along the Wells and Van Buren legs of the Loop and on to the Orange 
Line (following the route of the “Ravensway” supplemental Brown-Orange line service 
which runs during the peak morning rush hour period today) while others are routed left 
at Tower 18 and around the loop and west along the Lake ‘L’ to Harlem. (This “oxbow” 
pattern allows service from the Ravenswood Connector to both portions of the Loop.) 
While this pattern does add additional left turns, it minimizes conflicting traffic at Tower 
18. 
 
The Cottage Grove Branch of the South Main line is interlined with the Pink Line, as it is 
in the Alternative 5. Service to Ashland/63rd is provided by through-routing the Purple 
Line through the State Subway with the Red Line, then splitting it off south of 
Roosevelt and running it along the South Main to Ashland/63rd. This allows passengers 
boarding on the South Main access to both the Loop ‘L’ and the subway. In addition, 
like Alternative 5, each line entering or exiting the Loop provides direct service to each 
side of the Loop. This alternative was carried forward as Alternative 6. 
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Figure 5-7: Alternative 6: Interline Brown Line with Midway (Orange) and Harlem, Pink with 
Cottage Grove and Purple with Ashland/63rd. 
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Chapter 6    Impacts on Riders 
 
Any change to the routing of trains on the CTA’s rail system will result in changes for 
passengers. This chapter discusses the impact on riders, both positive (shorter journey 
times) and negative (longer journey times), and how these times are aggregated and 
assessed. It also provides an estimate of induced demand which may occur based on 
shorter travel times for some trip segments.  
 
Given the alternatives brought forward to full analysis in Chapter 5, the next step is to 
analyze the impact on current ridership based on the changes. This requires an origin-
destination-transfer dataset, or ODX, which provides an estimate of overall ridership 
and passenger travel times for the CTA system, as described in further detail in 
Appendix E. The ODX dataset provides a disaggregated estimate of the number of 
passengers and their paths moving through the system at any time of day. These data 
provided the framework to quantify the travel time impacts for current passengers for 
any change to the system. For each of the analyzed alternatives, any changes to travel 
time were computed for each segment. The effect of these changes are then multiplied 
by the total number of passengers for each segment. Total travel time differences were 
calculated for different times of day.  
 
For each alternative, these data were then aggregated by type, time of day, and where 
on the system any passenger impact (positive or negative) occurs. In each alternative, 
most trips do not change route or time, and there are only minor improvements to 
travel times based on reduced congestion on the Loop itself, since few passengers 
ride around the Loop in its entirety. When trip times were affected, they generally only 
changed by a 1 to 3 minutes, although there were some origin-destination pairs in 
some alternatives with journey time changes of more than 10 minutes.   
 

6.1   Travel Time  
 
In addition, five types of travel time were calculated. While this research will not weight 
these times, there is ample literature to suggest that all portions of a journey are not 
weighted equally. While there is not consensus, passengers generally perceive time 
spent waiting as more onerous than time spent traveling aboard a vehicle. However, 
Balcombe, et al (2004) notes that there is wide variability in the perception of travel 
time, so if such a delineation of time was desired for a Chicago-based study, it may 
need to rely on locally-sourced data to measure preferences on the CTA. The five 
types of travel time estimated here follow, and are quantified in Figure 6-1. 
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Figure 6-1: Projected passenger impacts, grouped by impact type and shown for weekday and 
weekend days. Origin and transfer wait times shown separately in the above chart. 

In-vehicle travel time is defined as any longer or shorter time spent on-board trains 
based on different journey paths. 
 
Wait time estimates changes to passenger time spent waiting for his/her initial train to 
arrive and is based on changes to headways. Any change in headway was divided by 
two, since it is assumed that trains will generally run on schedule and passengers will 
arrive randomly at stations or transfer points.  
 
Transfer wait time includes any time spent waiting at a transfer point, and was 
calculated similarly to wait time. In the case of an origin-destination pair which moves 
from a two-segment transfer trip to a one-seat ride, reduction in the total wait time 
would be reflected here. These calculations do not take into account that trains are 
sometimes held at stations for cross-platform transfers. Since wait time can accrue at 
both originating stations and transfer points, which is shown in Figure 6-2, although not 
weighted separately in this study. 
 
Transfer walk time varies across the CTA system. Some transfers are cross-platform 
(or same-platform), while others require several minutes of walking to reach the next 
platform. Four separate types of transfers, and their approximate transfer times, were 
used: 
 

• 0 minutes. Cross-platform or same-platform transfers were assigned no transfer 
time. While it does take some time to cross a platform, for example, for transfers 
at Belmont, Fullerton, Wilson or Howard, crossing a 24-foot-wide platform takes 
only about 5 seconds at normal walking speed. A same-platform transfer would 
be, for example, transferring from the Green Line to the Orange Line at 
Roosevelt, or the Green to Pink line going towards the Loop at Clinton. Wait 
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time is still computed for each transfer, but any wait time is based on the 
headway of the transferred-to train and included in the above category. 

• 1 minute. This was assigned for transfers where a passenger goes from a side 
platform on one side of a station to another. This, for example, would take place 
for a trip from the West Loop to Ravenswood Connector transferring at 
Clark/Lake, or a trip from the Pink Line to the Lake ‘L’ westbound at Ashland. 
This accounts for the time needed to climb and descend a flight of stairs for 
most passengers. This would obviously be a longer transfer for mobility-
impaired passengers who would have to use elevators to make the transfer, 
which was not taken into account for these calculations since it affects a small 
proportion of passengers. 

• 2 minutes. This value was assigned for transfers between the Red and Blue 
lines in the Loop, whether being made via an in-network transfer at Jackson, or 
an out-of-network transfer at Lake/Washington via the pedestrian concourse in 
Block 37. This accounts for ascending and descending a flight of stairs, and 
walking between the stations. 

• 3 minutes. This value was assigned for transfers between Loop and subway 
stations. Moving from the Loop to the subway involves an elevation change of 
approximately 60 feet, made either by stairs or, in the case of some stations, by 
a combination of stairs and escalators. Where available, elevators require 
multiple rides and walking between platforms. The three-minute value was 
calculated by following customers and assessing walk times between platforms, 
while especially fast passengers may be able to make these transfers in two 
minutes, most take approximately three minutes, and some take longer. 

 
Walking time. ODX data provide the analysis of passenger travel within the system, 
but when a passenger is outside of the system, walking (or taking another mode, 
although 90% of CTA users access the system by foot) to or from their actual origin or 
destination, ODX does not provide any helpful information. For many trips this is of little 
concern: as long as there is only a single station choice for an origin or destination, 
changing a routing will not change the start or end of the trip for a passenger.  
 
This, however is not the case in the Loop. Between Wabash and Wells, the two sides 
of the Loop, there are four ‘L’ or subway lines: the two sides of the Loop, and the State 
and Dearborn subway lines. Moving service from a subway line to an ‘L’ line has some 
travel time effect for passengers (the subway lines are generally faster than the ‘L’, 
especially from the north side) but is also an access issue for passengers entering and 
exiting the system in the Loop. 
 
To better examine this behavior, this thesis makes use of a 2017 CTA rider survey. This 
survey consisted of approximately 70,000 rider surveys completed online and in-
person. The survey was designed to focus on a single trip of a rider’s trip chain (so, for 
instance, if the rider took a bus, changed to a train, and then changed to another train, 
it specifically asked about a single leg of this trip) but for the purposes of this thesis it 
also asked each passenger for their exact origin and destination, as well as capturing 
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their first and last interaction with the CTA. It was this data which was used to estimate 
the average impact for walking access time for changes within the Loop. 
 
See Appendix H for maps showing these data for each line. 
 
Outside of the Loop, nearly all customers have a single option for taking the train. The 
only exceptions are for instances where a passenger lives equidistant from two 
stations (for instance, a passenger living halfway between the Lake and Congress lines 
on the West Side may choose to walk to one or the other based on their final 
destination in the Loop) but this affects relatively few passengers and, in general, does 
not affect lines which would have significant Loop changes. There are three Loop-area 
changes which could result in walk-access changes: The Pink Line operating via the 
Dearborn Subway instead of on the Loop, lines from Belmont operating via the 
Ravenswood Connector versus the State Subway, and the Orange Line operating via 
the Loop versus the State Subway. These are each discussed below. 
 

6.1.1   Pink to Dearborn (Alternative 3) 
 
In the case of the Pink line moving to the Dearborn Subway there would be relatively 
minimal changes for current Pink Line ridership to and from the Loop. Because of the 
Dearborn’s horseshoe pattern in the Loop to the west of the State Subway, no 
destination would be more than about 1000 feet further from a Dearborn station as 
compared to a Loop Station. Passengers who currently have destinations to the west 
of the Loop ‘L’ would have options to walk east to Dearborn Street or south to LaSalle 
or Clinton, resulting in only minor changes to access times. 
 
Where walking access does come into more play for moving the Pink Line service to 
the Subway is in the West Loop. Shifting the Pink Line to the Dearborn Subway would 
significantly impact most trips to the West Loop, depending upon where in the West 
Loop the trips final destination is located. For those near or north of Lake Street, 
passengers would have two options: a short ‘L’ trip followed by a long walk or bus 
transfer (although there is no north-south bus route from Racine) or a similarly-long trip 
into the Loop and transfer to the Lake ‘L’. For destinations closer to the Blue Line, 
passengers who currently have a longer walk to their destination (or a bus transfer at 
Polk) would instead have a shorter walk.  
 
In order to account for this, an assumption was made that some passengers going 
from the Pink Line to the West Loop would choose a longer walk from an existing Blue 
Line station instead of a longer ‘L’ trip and a transfer in the Loop. To account for the 
passengers staying on the train and transferring, the changes in travel times for trips 
from the Pink Line to the West Loop were computed. To account for passengers who 
would have a longer travel time but a shorter walk, the estimate of this increased in 
vehicle and transfer time, which is in excess of 10 minutes, was reduced by 5 minutes 
of walking time. With relatively sparse data for commuters to the West Loop, there is 
not enough data from this survey to complete a full analysis of rider destinations. While 
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a demand model is beyond the purview of this research, if Alternative 3 were selected, 
such an analysis may be appropriate.  
 

6.1.2   Purple to State Subway (Alternatives 2, 5 and 6) 
 
Moving the Purple Line to the State Subway would change the direct trip for Purple 
Line riders from one which terminated on the Loop to one which ran through the State 
Subway. The effect of this change on riders, however, would be relatively minor, 
because affected riders would have two options to substitute for these changes. The 
first would be to change at Belmont or Fullerton to service on the Ravenswood 
Connector to access the Loop. In the morning, these riders would be able to use the 
Brown Line to have a direct trip the west side of the Loop, which is farther from the 
State Subway. In the evening, some of the alternatives (4, 5 and 6) would provide a 
service from the west portion of the Loop to the Ravenswood Connector similar to the 
Purple Line today. While this service is not provided in Alternative 2, riders would be 
able to use Outer Loop service or State Subway service, and there would be additional 
capacity on the Loop which could provide bidirectional service from the Ravenswood 
Connector, although this was not included in this alternative at this time. Because each 
alternative provides options for accessing the same or very close stations as today, no 
additional access time was calculated. 
 

6.1.3   Orange to State Subway (Alternatives 1, 2 and 5) 
 
Moving the Orange Line to the State Subway would have the greatest impact on 
passengers accessing the Loop. While the Orange Line today provides access to the 
Wells and Van Buren legs of the Loop, relocating it to the State Subway would mean 
that any passenger with a destination west of Wells Street would have to walk an 
additional four blocks, or 1600 feet, which takes about 6 minutes at a typical walking 
pace. An examination of Loop-bound passengers show that the median reported 
walking distance is only about 900 feet, although this varies significantly by station; 
there are some stations where the median walking distance is close to 2000 feet. On 
the east side of the Loop, the shift to the State Subway would move stations only one 
block from the Loop ‘L’, so there would be no adverse affect. Any destination in the 
western part of the Loop, or in the nearer parts of the West Loop, would require a 
longer walk from the ‘L’ than is required today. (For destinations further west in the 
West Loop, passengers would still likely transfer to other services and for destinations 
north of the Chicago River passengers would have a one-seat ride; these are 
accounted for in separate transfer and travel time categories.) 
 
A transfer was not assumed for most passengers, given the type of transfer which 
would be available between the State Subway to the elevated structure at Roosevelt. 
As opposed to the north side, where cross-platform transfers are available, Roosevelt 
has one of the longest transfers in the ‘L’ between the Loop and Subway (this is 
described in further detail in section 6.1). To go from the Loop to the ‘L’ and then wait 
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for a train would take an average of 6 minutes even when trains run most frequently, 
which is longer than walking from a State Subway station to Wells Street. 
 
For passengers accessing the Loop via the Orange Line, it was assumed that 
passengers east of Clark Street would be generally unaffected (and may actually have 
improved access times, since they would no longer have to ride around the Loop or 
walk to and from different stations) and that for passengers west of there, there would 
be increased walk times. The maximum increased walk time is six minutes, as all travel 
west of the Loop would incur the same penalty: in other words, a destination one block 
west of Wells Street on Franklin Street—like the Sears Tower—would go from a 1-
minute walk to a 7 minute walk; a destination on Clinton Street—such as Union 
Station—would change from an 8 minute walk to 14 minutes. The latter may result in a 
passenger making a transfer to the Pink or Blue Line or a bus to shorten the walk, but 
the overall travel time would not change appreciably; it was assumed that travelers 
going to the Loop would continue to walk to their destinations. 
 
The survey data was used to test better estimate the average walk time changes that 
current Orange Line passengers destined to or near the Loop would experience. Using 
the Origin-Destination survey, every trip with a segment on the Orange Line was 
selected and the ultimate destination mapped. These were then aggregated based on 
those in the Loop area, specifically, east of the Kennedy Expressway, south of the 
Chicago River and north of Congress Parkway. A map of these data is shown in Figure 
6-2. Of these observations: 
 

• 233 are east of Dearborn and south of Washington, and this change would 
result in an overall reduction of walking time, since passengers would have a 
direct trip to the eastern portion of the Loop, while today these passengers 
generally alight at Library and walk to their destination. These trips were 
assigned a walk time 1 minute shorter than current. 

• 269 are east of Dearborn and north of Washington, and no change in walk time 
was assigned, as most of these passengers would shift their trip by one block 
from the Loop to the State Subway. 

• 176 are between Dearborn and LaSalle, and would see their walk time increase 
by 2 minutes. 

• 172 are between LaSalle and Franklin, and would see their walk time increase 
by 5 minutes. It is assumed that some passengers here currently walk across 
the Loop rather than using the Orange Line on the Loop, so the full 6-minute 
time change is not assigned. 

• 157 are west of Franklin, and the full 6-minute time change was assigned. 
 

 
The average time for all Loop passengers is calculated to be 1.91 minutes, or 1:55. 
Given that this data is estimated from sampled survey data, the average additional 
walk time for an Orange Line rider with a Loop destination was rounded to two minutes 
and included for any shift of the Orange Line from the Loop ‘L’ to the State Subway. 
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Figure 6-2: Orange Line passenger Loop origin/destinations, and additional walk times 
assigned. 

6.2   Additional passenger time impacts 
 
Two other passenger time impacts not calculated as part of ODX were included in the 
overall aggregation. The first has to do with the more frequent operation of the South 
Main branches of the Green Line (to Cottage Grove and Ashland/63rd) in Alternatives 5 
and 6. These two branches currently have infrequent service with trains every 15 
minutes at rush hour, and every 20 to 24 minutes at off-peak times, half the headway 
of the trunk of the Green Line. Providing service at least every 12 minutes would 
provide additional passenger benefit, but also provide a different type of service: 
moving from a scheduled service toward “walk-up” service with more frequent trains. 
This allows easier transfers from buses and reduces the need for passengers to plan 
trips around scheduled travel times, a benefit which is not measured in these data. 
 
Balcombe (2004) suggests that this sort of passenger behavior changes at 12 minutes, 
which is both a justification for improving service on this line as well as using 12 
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minutes as a minimum policy interval for this research.10 12 minute intervals are also 
the current minimum service interval on other CTA lines, except during some overnight 
and early- and late-hour weekend service, so this is a good base level for providing 
equitable service. While the CTA’s service policy mandates service at least every 10 
minutes at rush hour and 15 minutes at other times on the rail network (which the 
Green Line branches do not meet) (CTA, 2014), there are few cases in elsewhere in the 
system which do not met a 12-minute standard. Given that it is the baseline defined in 
literature and most operations, it will be used as a basis for equitable service in this 
research. 
 
An additional benefit to service is in the reduced time it will take for trains to travel 
around the Loop. Few, if any, passengers traverse the entire Loop during their trips, 
and many alight at one station and board at another, thus traveling on only a small 
portion of the Loop, so the additional benefit to passengers is relatively small. 
However, faster service around the Loop, and the better reliability from reducing the 
variability of Loop travel times, will have an additional benefit for riders, since more 
evenly-spaced trains will have more even passenger loading, reducing instances of 
crowding. That said, the approximate time benefit for Loop ridership can be quantified 
by combining passenger data and estimates of reduced rail congestion, and an 
estimate is about 50 hours during the AM peak and 125 hours during the PM peak, for 
a total of 175 hours per day, which is a small percent of the total measured benefits.  
 
Less variation in intervals between trains, which is not specifically measured, will affect 
most of the passengers on and downstream of the Loop. This is especially apparent 
during the PM peak, when the majority of passengers on the ‘L’ are leaving the Loop, 
so variation in headways introduced by Loop congestion—which is already higher than 
during the morning—affects more passengers. This variation would be mitigated both 
by reducing Loop congestion and by having more trains run through the Loop, with 
terminal control on both ends of the line. 
 

6.3   Aggregation of passenger time impacts 
 
Different types of time spent using a transit system are not necessarily experienced 
equally by passengers. In general, time spent in motion towards a destination has a 
higher utility than time spent waiting for transit service. While there are studies which 
assign different values to various types of travel time, there is no recent literature 
pertinent specifically to the CTA or Chicago region. In this study, all types of travel 
time, whether they are spent waiting for an initial trip, riding in a vehicle, transferring to 
another leg, or walking to a destination, are considered as equal, although further 

                                                
10	It	is	worth	noted	that	Balcombe’s	research	was	published	in	2004	and	based	on	observations	
from	the	1990s,	and	that	real-time	passenger	information	may	change	behavior,	although	this	
has	not	been	observed,	nor	would	it	benefit	passengers	making	transfers	and	arriving	at	
random.	
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research could establish the relative perception of these times by passengers and the 
travel time changes could be adjusted accordingly. 
 
For each alternative, the overall impact was tabulated in a number of ways. The first is 
a “net-of-net”: what is the total impact to the riding public, adding passenger benefits 
and subtracting out any negative impact to passengers. It is, in a sense, a summation 
of the trip times experienced by each CTA rail passenger. On a given day there are 
more than 700,000 rides taken on the CTA (in October, 2016, there were 731,000 
unlinked rail trips, when adjusted for weekdays versus weekends), with an average 
length of 19 minutes: about 231,000 hours of travel on CTA trains. The most impactful 
alternative would have a net benefit of approximately 6400 hours, or about 3% of the 
total travel time on the rail system over a given day. As has been shown in Figure 6-1 
and is disaggregated by temporal and geographic impact in Figures 6-3 and 6-4, 
Alternative 5 has the largest overall impact both based on only positive impacts and on 
the net total impact. Since it introduces more changes to the system, it has higher 
negative impacts than some other alternatives, but these are offset by the concurrent 
positive impacts. 
 
This is an overall measure of the impact on passengers, but does not provide a level of 
disaggregation which allows us to examine where, when and how the alternatives 
affect service. This is important: an alternative might have strong positive impacts but 
focus them on one portion of the network, and the affect at different times of day 
(peak, off-peak and weekend service) may vary. Having discussed the differences in 
travel, it is possible to disaggregate the types of travel time impact as wait time, travel 
time, transfer time, and access time, and to further disaggregate these at different 
times of day. The result is that most of the time differential can be attributed to 
changes in wait time and in vehicle travel time, and that the alternatives with the 
highest net benefits have significant passenger benefits at non-peak times, in addition 
to savings during the peak common to most alternatives. Figure 6-3 shows the 
breakdown of travel time impacts at different times of day. 
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Figure 6-3: Projected passenger impacts at different types and times of day 

In Figure 6-3, weekday service is divided into morning peak, evening peak and off-peak travel. 
For weekend service, there is less variation in service levels, and it is shown with a single value 
which is not differentiated by time of day. 
 
The data can also be aggregated by the affected line segment. To calculate these data, 
any change in journey time was assigned equally to the trip’s origin and destination. 
For example: if, for a certain alternative, a trip from Kimball to Midway would be three 
minutes faster, this benefit would be equally split between the Orange and Brown line 
segments. (Travel to and from the Loop segments—the Loop ‘L’, and Dearborn and 
State subways, is combined into a single “Loop” category.) These were then further 
disaggregated to show both the projected shorter and longer travel times, to provide 
the net positive and net negative impact on travel for each line segment. Figure 6-4 
shows the output of this analysis. In many cases, there were only minimal changes to 
travel time for a given segment, and while these are all included in the totals, only the 
top 5 affected segments are shown, as well as any additional segments with more than 
a 100 hour-per-day difference. Data is shown as a total for an average day, weighted 
by the type of day (weekday and weekend). 
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Figure 6-4: Changes to journey times, aggregated by segment affected. 

In Figure 6-4, the change for each trip was split evenly between the originating segment and 
the destination segment. These values are weighted by day type (weekday and weekend). 
 
A short description of the benefits for each of the alternatives is presented below. 
 
Alternative 1: 
 
Positive benefit: 4078 hours 
Negative impact: 539 hours 
Net benefit: 3539 hours 
 
Alternative 1 has a relatively high positive impacts to passengers and a relatively low 
negative impact. Most of these impacts accrue based on benefits for passengers on 
the Orange Line and the northern portion of the Red Line. The largest negative impact 
was due to changes in headways on the Dan Ryan branch of the Red Line, mainly for 
reverse-peak passengers who experience high frequencies at peak hour because of 
the demand on the North Side as trains travel south to the Loop and then on to 95th. 
 
Alternative 2: 
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Positive benefit: 5064 hours 
Negative impact: 768 hours 
Net benefit: 4296 hours 
 
Alternative 2 builds on Alternative 1, and has significantly higher benefits (by more than 
1000 hours) along with higher negative impacts. The additional positive impacts accrue 
mostly on the north side, especially by eliminating the need to transfer from the Purple 
line to the Red line at Howard in the off-peak. The additional negatives can mostly be 
attributed to slight changes in headways on the Dan Ryan branch, as well as some 
impact to headways on the Ravenswood Connector, where Purple Line service is 
replaced by longer Brown Line trains, which run more frequently than the Brown Line 
currently, but less frequently than the combined Brown and Purple service today. 
 
Alternative 3: 
 
Positive benefit: 2799 hours 
Negative impact: 1522 hours 
Net benefit: 1277 hours 
 
While Alternative 3 has a positive net impact, it has by far the largest negative impact 
of any analyzed alternative. While current Pink Line riders destined for the Loop and 
current Blue Line stations would see an improvement in travel times, this would be 
coupled with losses for Pink Line riders going to the West Loop as well as riders to and 
from the West Loop who would see less service without the Pink Line on the ‘L’. Thus, 
many of the impacts for each segment cancel each other out: there are significant 
positive impacts for some Pink Line riders, for instance, but negative impacts for 
others. Riders on the O’Hare line, who would see better intervals during several off-
peak periods, have the most to gain. 
 
Alternative 4: 
 
Positive benefit: 1132 hours 
Negative impact: 77 hours 
Net benefit: 1055 hours 
 
Alternative 4 has the least impact to ridership on the system, since it does not move 
any service from the Loop to the subway, but simplifies service on the ‘L’. By doing so, 
it achieves only a nominal negative impact, mostly from changes to transfers for 
passengers transferring between lines on the L. Positive impacts are spread relatively 
evenly between Green and Brown lines serving the Loop, and especially concentrated 
in the West Loop, which would see more frequent service. 
 
Alternative 5: 
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Positive benefit: 7335 hours 
Negative impact: 862 hours 
Net benefit: 6473 hours 
 
Alternative 5 has the greatest overall positive benefit for ridership, although it comes at 
the cost of a major route restructuring (Alternative 1, for example, changes just one 
route, Alternatives 5 and 6 change most of the system) and additional midday service 
costs. In addition to the north side benefits of Alternative 2, which are realized in this 
alternative, there are additional benefits for the Lake ‘L’ and South Main Green Line. 
Compared to Alternative 2, negatives are somewhat lower, and the negatives for the 
Dan Ryan line are offset by improved service on the adjacent South Main. It is 
estimated that it will induce the most new demand because of the through routing, and 
it will provide equitable access to the economic opportunities in the Loop for South 
Side riders by achieving CTA policy headways during peak and off-peak periods. 
 
Alternative 6: 
 
Positive benefit: 3517 hours 
Negative impact: 539 hours 
Net benefit: 2978 hours 
 
Alternative 6, which interlines the Orange Line across the Loop rather than in the State 
Subway, has a lower overall impact than Alternative 5, but also a lower negative 
impact. The positive impact for Alternative 6 is accrued mostly for lines serving the 
Loop ‘L’, since these lines would be interlined and serve more locations, but it would 
not have the same effect on other passengers. Its negative impacts are mostly also on 
‘L’ lines, based on changes in required transfers. Like Alternative 5, it will provide 
equitable access to the economic opportunities in the Loop for South Side riders by 
achieving CTA policy headways during peak and off-peak periods. 
 

6.4   Potential Mode Shift 
 
In addition to the directly-measured time benefits, various alternatives have the 
opportunity to induce additional travel demand and mode shift to the CTA rail network. 
Potential passengers make a decision to ride transit as opposed to other modes based 
on a variety of factors (Pushkarev & Zupan 1977), including the cost of a transit fare as 
well as the utility of transit compared with the cost and utility of a substitute good 
(generally driving or riding in a car, but in some cases walking or biking). For instance, 
a potential CTA passenger traveling from Brighton Park to River North may choose to 
drive a car today, because the trip by CTA requires a transfer from the Orange Line to 
the Red Line and the associated transfer waiting time. (According to online driving 
directions, the rail trip and midpoint of the similar driving trip are approximately equal 
at peak rush hours (Google Maps, 2019).) With a direct, one-seat ride, the same 
customer may choose instead to take the train, because the trip would be more 
competitive with driving time.  
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6.4.1   Literature Review 

 
There is significant literature that examine the elasticities of transit ridership with regard 
to various cost and service level factors, although there is more evidence regarding 
fares than wait, transfer and travel times (Dunkerley, et al, 2018). Among studies of 
ridership elasticity with regard to journey time, there is considerable variability, based 
on where the study takes place, what portion of the market it measures, and even the 
initial frequency of the transit. A full mode choice study for journey times in a market 
like the CTA would require additional research similar in scope to recent work looking 
at the elasticity of fares at the agency (Stuntz, 2018). 
 
However, using data based in literature, it is possible to estimate the potential for mode 
shift based on elasticities estimated elsewhere. In the case of journey time, elasticities 
are negative, because travel time and ridership are inversely proportional: a decrease in 
travel time leads to an increase in ridership. The question is how much a change in 
total journey time produces a change in ridership, and the literature suggests a 
relatively wide range, although the consensus is that ridership is relatively inelastic with 
regard to travel time: a decrease of travel time of 1 percent will lead to an increase in 
ridership, but the increase will be generally less than one percent. The exact elasticity 
depends on several factors, including the type of service provided, the market or 
region it serves, and the initial frequency of the service. For instance, Gunn (2001) 
calculated elasticities ranging from -0.24 to -0.86 based on the type of traveler and 
purpose of trip (for example: blue collar versus white collar versus university student, or 
business versus leisure) and Mackett and Nash (1991) found that in-vehicle travel time 
ranged from -0.26 to -0.98 on different transit corridors in London. 
 
At the low end of the scale, some studies have shown that for very frequent service, 
small changes in wait time (which accounts for some of the most prevalent changes 
proposed in this study, especially with those that eliminate transfers) have only a 
minimal effect on passenger travel. A study in London, for example, showed an 
elasticity of just -0.08 (NAS 2004). This is intuitive: for very-frequent walk-up service, 
the difference between waiting 90 and 120 seconds, on average, is almost 
imperceptible. (This would also suggest that moving from 3 to 6 minute headways, 
which is required in the off-peak direction for some alternatives, would have a 
negligible effect on ridership.) On the other end of the spectrum, for low-frequency 
suburban services, elasticity can approach -1, where changes to headways from 60 to 
30 minutes can dramatically improve ridership. Litman (2004) suggests elasticities 
ranging from -0.3 to -0.7 for general service levels, with the elasticity for in vehicle 
travel time falling closer to -0.3 with the elasticity for wait and transfer time closer to -
0.6. 
 

6.4.2   Estimating Induced Demand 
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There are several methods which can be used to estimate induced demand based on 
travel time differences. This research will briefly discuss three and suggest that the 
most conservative be used as an order of magnitude estimate, but that further 
research to establish local elasticities may be able to provide much more insight into 
how changes to wait and travel times impact ridership. 
 
The first methodology would be to apply a screen to the changes in travel time for each 
alternative compared to the total daily travel time on the system. This calculates travel 
time savings for both in vehicle travel times (IVTT) and other travel time (wait and 
other). For Alternative 5, which has the highest passenger impact, the IVTT savings 
amount to approximately 1.2% of the total system travel time and wait time savings 
account for an additional 2.2% of the total system travel time. Applying elasticity 
values of -0.3 and -0.6, respectively, it yields an additional 2199 riders (0.3%) 
attributable to the IVTT savings and an additional 7908 riders (1.4%) attributable to the 
wait time savings, yielding a total of 10,106 new riders per day, or a 1.7% increase 
across the system, which is generally in line with what we'd expect from this sort of 
service change. This is a very broad stroke, however, and values very minor changes in 
travel times (e.g., from 30 to 60 second improvements), which NAS (1983) suggests 
have very low elasticities, at the same rate as larger changes to travel time. 
 
A second methodology is much more specific to individual OD pair service changes 
that produce changes in travel time for trips with an eliminated or additional transfer. In 
this method, the induced demand is estimated solely for OD pairs that experience new 
one-seat rides, as these are the most likely source of new riders in any alternative 
routings. For instance, if we look at the Orange Line to Red Line traffic, there are about 
6594 daily trips currently (weighted by weekday and weekend), and by using the -0.6 
elasticities (since the changes are mostly based on wait and connection time at the 
transfer point) against the average trip time for each segment, we would find an 
induced demand of 715 trips (see key inputs to this estimate in Table 6-1). Most of 
these trips would be expected to take place from the shorter Orange Line-to-Near 
North Side Red Line segment, which has both higher passenger counts and a higher 
percentage of the trips affected by the changes. (Note that this table does not show 
some other trips in the corridor, such as off-peak hour trips from Howard or Evanston 
to the Loop, but that these would be included elsewhere.)  
 

 
Table 6-1: Induced demand estimate calculations for Orange Line. 
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Similarly, through-routing the Purple Line at Howard during the off- peak and weekend 
hours would yield 678 new trips, based on 7334 current trips which currently require a 
transfer (or, in cases where trips now require two transfers, from the Purple Line, to the 
Red Line, and then to another line, where trips would go from having two transfers to 
one). See Table 6-2 below for the inputs to this latter estimate of induced demand.  
 

 
Table 6-2: Induced demand estimate calculations for Purple Line. 

 
Adding these two changes would account for about 14% of the total induced demand 
on the system based on the first methodology, while accounting for just 2% of the 
system-wide trips. In addition to the segments that experience reduced transfers, we 
add OD pairs with significant headway improvements. For example, on the South Main 
branches of the Green Line, there are about 5500 daily trips, and moving from 
“schedule” to “walk-up” service for the branches (as proposed in Alternatives 5 and 6) 
would be expected to add about 517 trips. The rest of the line would see an increase in 
service, but less of one, since wait times would not improve as significantly relative to 
the total trip time. Combining Orange Line interlining, Purple Line through-routing at 
off-peak hours at Howard and the Green Line improvements, this yields about 22% of 
the induced demand over about 3% of the total trips. 
 
While the second methodology does a better job of accounting for these larger 
changes, it would have to be applied to each potential line pairing, and for the most 
specific OD pairs, since the total journey time is a component of the elasticity 
calculation. (The calculations above used an average trip length for each line.) This 
becomes somewhat more complex, would still be based on these generalized elasticity 
values, while the large number of trips with small changes and lower elasticities may 
overestimate that demand.  
 
A third methodology (that will ultimately be used in this research) seeks to use a 
system-wide generalized approach while accounting for only the cases where there is 
a significant change to passengers’ levels of service. This would look only at changes 
to travel time which have a value of more than a certain number of minutes, under the 
general assumption that most induced demand will come from routes where 
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passengers realize a perceptible change to their travel patterns. In this case, only travel 
time changes of 4 minutes or longer are subject to an application of a service elasticity; 
in a sense, it applies an elasticity of 0 to these smaller travel time changes, close to the 
-0.08 value estimated for very small service changes in London. For the trips projected 
to have total travel time savings of 4 minutes or more, given the split between wait time 
and in vehicle time, it applies an assumed elasticity of -0.5. The 4 minute threshold 
includes every instance where a trip goes from a two-seat ride to a one-seat ride, but 
also adds in other instances with significant decreases in travel time. 
 
Applying this elasticity value (-0.5) to just the trips with longer journey time changes 
results in the following induced demand estimates for each alternative: 
 
Alternative 1: 1912 
Alternative 2: 3463 
Alternative 3: 1311 
Alternative 4: 138 
Alternative 5: 4699 
Alternative 6: 2529 
 
This third approach seems to produce a generally reasonable and conservative set of 
induced demand estimates (which is not the primary focus of this research), and which 
could be subsequently refined by improved estimates of elasticity (from local data) and 
further disaggregation of trip pairs.  
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Chapter 7   Operational Impacts 
 
Beyond passenger impacts, it is important to measure the operational impact of any 
implemented alternative. This chapter will estimate two major facets of each proposed 
alternative’s operations: Loop congestion and equipment requirements for each 
alternative. It should be noted that these estimates are not meant to be exact, since 
this research is not concerned with designing full rail schedules, including exact 
running times, optimized layover and terminal times, and crew scheduling. Instead, it 
will apply a similar analysis to each alternative to return calculations which show the 
approximate operational impacts for each. 
 
The measurement of Loop congestion comes from the use of empirical data to 
estimate actual train delays on the Loop under different operating conditions at 
different times of day. This has been analyzed and discussed in Section 4.2, with the 
result of this analysis showing that a reduction of several minutes of travel time for 
Inner Loop trips at the most congested times of day would be achievable by reducing 
the overall number of trains on the Loop. 
 

7.1   Service and Resource Allocation and Efficiency 
 
Most of the differences in operating cost come not from the actual operation on the 
Loop but from differing costs to operate through-running service as opposed to Loop 
service, particularly related to line terminal operations. In a sense, the Loop acts as a 
downtown terminal for looping lines. Instead of running into a terminal, laying over, and 
running back in the other direction, trains run around the Loop, spending about the 
same amount of time while dropping off and picking up passengers. While this is 
reasonably convenient for passengers (giving them more access points to a specific 
service), it is relatively inefficient for operations, especially since many passengers 
alight at the first stop and board at the last stop on the Loop to avoid long rides 
travelling around a circle, such that the train is only at capacity entering and leaving the 
Loop.  
 
It also means that the terminal times, whether on the Loop or at outlying terminals, are 
a large percentage of the overall travel time: the Orange Line spends just 23 minutes 
traveling between the Midway terminal and the Loop, the Pink Line 27. During the PM 
peak, the Orange Line is scheduled to spend 25% of its 59.5 minute running time 
traveling around the Loop. Its full “cycle” time, which includes a layover at Midway, can 
range as long as 72 minutes, to allow for schedule recovery caused by delays on the 
Loop. And trains operating around the Loop cannot benefit from an actual terminal, 
which allows time for operator layovers and schedule recovery (the Pink and Brown 
lines have similar route profiles, with slightly higher travel times between their terminals 
and the Loop).  
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The Purple Line is an exception, inasmuch as that it requires 42 minutes in each 
direction between Linden and Tower 18, plus an additional scheduled 16 minutes 
around the Loop, leading to scheduled peak hour round trip runs of 1:40, 
notwithstanding additional congestion on the Loop. So while the proportion of time it 
spends on the Loop is relatively short, this results in a run time between terminals (and 
the opportunity for schedule recovery) which is significantly longer than any other CTA 
service. (The Red, Blue and Green lines, which run through the Loop via the subways 
or the elevated tracks, have in-service times between terminals which range from 60 to 
72 minutes, similar to these times on the Brown, Pink and Orange lines.) 
 
Figures 7-1 and 7-2 detail current operating conditions of the system, showing time 
spent traversing the Loop (whether in a subway or on the Loop ‘L’), additional time 
spent between terminals, and the amount of time the equipment and operators spend 
at the terminal. These scheduled times do not include additional congestion-related 
delays, which are accounted for by layover time at the end of the line. Longer lines 
which run through the Loop spend just 5 to 10 percent of running time in the Loop, as 
compared to lines which traverse the Loop, where 15 to 20 percent of running time is 
spent in the Loop. Each line has a similar amount of schedule recover and layover time 
at the route’s end (which varies by each run), except for the shuttle lines north of 
Howard. The Skokie and Evanston lines spend only about 50% of the time in revenue 
service, with the rest spent changing directions and waiting for the next scheduled 
departure. 
 

 
Figure 7-1: Current scheduled operating times, by line.  
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Figure 7-2: Current scheduled operating times, by line, as a percent of total operating time. 

Service in the subway provides faster overall service. A current PM peak Orange Line 
train traveling from Roosevelt, north around the Loop and back to Roosevelt is 
scheduled to make the trip in 18 minutes, operating 3.3 miles at an average speed of 
11 miles per hour. In the same amount of time, a northbound Red Line train in the 
subway from Roosevelt through the Loop and continuing north will arrive at Belmont, a 
trip nearly twice as long at an average speed of 20 mph. Thus, a through route in the 
subway is faster than either the Orange or Purple line is today on the Loop. These 
times for current and proposed routes are based on rush hour schedules (based on 
Purple Line express schedules and Alternative 1): 
 
Purple (Howard–Loop–Howard, current): 17 mph 
Orange (Midway–Loop–Midway, current): 22 mph 
Howard-State Subway-Midway (proposed): 25 mph 
 
Through-routing more Loop-based service retains most of the passenger benefit of 
serving the Loop while reducing operational constraints, by reducing Loop congestion, 
increasing train speeds, and eliminating some of the longest terminal-to-terminal trips. 
End-to-end run times fall in the 50- to 70-minute range, depending on the line pairing, 
with terminal facilities at each end.  
 
The other main operational improvements come from reducing the number of short 
shuttle services at off-peak times. Most CTA services spend between 80 and 90% of 
time in revenue service, with 10 to 20% spent changing directions and recovering from 
any delays at terminals. However, the Purple Line shuttle, which operates during non-
peak times, has a run time of 12 minutes each way between Linden and Howard, and 
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requires, depending on the time of day, a terminal time of 24 to 26 minutes, meaning 
that for more than half of the time an operator is on duty running the train, the train is 
not carrying passengers. Combining this short line with another, longer line would 
reduce this unproductive time to nearly zero, since the schedule recovery time would 
be folded into the overall run time.  
 
To illustrate the differences that can be achieved with some of the proposed new 
routings, Figures 7-3 and 7-4 show the same schedule time figures as above in 7-1 
and 7-2 (with the same scale for reference) estimated for the proposed Alternative 5: 
 

 
Figure 7-3: Projected scheduled operating times, by line, for Alternative 5. 
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Figure 7-4: Projected scheduled operating times, by line, for Alternative 5, as a percent of total. 

 
7.2   Operating Cost 

 
7.2.1   Fixed versus Marginal Costs 

 
The operating costs for a rail system can be generally categorized into two main 
groups: fixed and marginal. Fixed costs are the static system infrastructure. A good 
example of a fixed cost is a station platform, as it incurs the same cost and depreciates 
at the same rate no matter how many trains stop at it each day. Marginal costs are 
those which vary based on the amount used: labor is generally considered a marginal 
cost: running twice as much service requires twice as much labor payroll. 
 
There are many operating cost line items which fall in between a straight fixed and 
marginal cost structure. The cost of track, for example, might seem to be a fixed cost, 
and for the most part it is. However, running additional trains over a section of track, 
especially one with significant curvature or special track work, may cause it to become 
worn out more quickly and require its replacement, so while track is mostly a fixed 
cost, it has a marginal element.  
 
It is important for this research to suggest alternatives which do not require a 
significant increase in the overall size of the railcar fleet. Rolling stock is also a long-
term investment and the size of a rail fleet is achieved through economies of scale by 
retiring old equipment and replacing it with new equipment in large batches (the CTA’s 
2021 “7000” series fleet will be comprised of 846 vehicles, which will allow the agency 
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to have one of the youngest rail fleets in the country (Shropshire, 2017), at which time 
some of the cars which are replaced will be 40 years old). Small variations in the size of 
the fleet can be made by varying the fleet’s spare ratio (industry standard is 
approximately 20%), but a large change would require a new car procurement. Heavy 
rail cars are designed specifically for each agency, and with federal requirements to 
buy US-made products and a small pool of builders, procurements require several 
years of lead time. 
 
This maximum required fleet size, however, is based only on the number of cars 
required for peak operation. Thus, at peak times, adding a train requires both the 
capital cost of the rolling stock as well as additional tracks for storage, plus the 
marginal cost of operation (although small variations can generally be made by 
changing the agency’s spare ratio). At other times, however, running more service 
requires no additional rolling stock capital cost, rather only the marginal cost of running 
the additional service (labor, wear and tear, power). Thus, adding service at peak hours 
is marginally more expensive than adding service at other times. Furthermore, adding 
service at off-peak hours may allow the agency to schedule more straight-time shifts 
and reduce the number of split shifts, which incur additional payments to operations, 
reducing the marginal cost of adding off-peak service further. 
 

7.2.2   Estimating service costs 
 
Creating an exact schedule is the purview of an entire department at agencies like the 
CTA, and is a multistep process which includes several aspects beyond the scope of 
this research, such as assuring that every shift within a schedule meets agency labor 
agreement requirements (in the language of the CTA, each shift needs to be “pickable”, 
and depending on the routing changes, negotiations between the CTA and the union 
may be required (Garfield, 2019e)). This research does not create exact schedules 
based on these factors, but rather will create an estimate of the operating costs for 
each alternative, and to compare these costs to the current baseline and to each other. 
It is assumed that there will be minor variations in any final schedule, but that this 
research will establish order of magnitude estimates for each alternative. 
 
The process to create the operating cost estimate begins with the current system 
schedule. (A version from summer 2018 was used, since the winter version has some 
irregular service with Red Line trains running to Ashland/63rd.) The scheduled travel 
times and layover times were used to create full cycle times for equipment. By dividing 
cycle time by peak headway, it is then possible to compute the peak car requirements 
for the line. There is some uncertainty introduced into this process by averaging 
layover and schedule recovery times, and rounding errors by looking at peak half-hour 
and hour periods. This yields the calculation of: 
 

v = t/h 
 

where: 
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v = vehicles required for peak service 
t = cycle time 
h = peak headway 
 

A function of the number of cars required can be represented by: 
 

c = (t/h)*l 
 

where: 
 

c = cars required 
l = train length 
 

This assumes that all trains run a full cycle which, in the CTA’s case, is not always the 
case, since several lines have unbalanced service at peak times. These include Red 
Line “trippers” which run from Howard to 95th in the morning, layover at 95th during the 
day, and run back north to Howard in the evening, Blue Line trains which run from 
O’Hare and short turn Morgan Middle (and some of which have an additional short turn 
at Jefferson Park), Orange Line trains which run to Kimball in the morning and Purple 
Line trains which have a short pulse of frequent service in the evening. (For deadhead 
operations, the train stays in the yard at its destination, but in most cases, the operator 
is required to deadhead to his or her original terminal, usually in the rear cab of an in-
service train.) In most of these cases, the workaround is to calculate the base service 
operating in both directions, and then calculate a separate overlay for this peak-hour-
only service. Since most of the proposed alternatives reduce this type of additional 
service, these calculations are only necessary to calibrate the calculation for the 
current schedule.  
 
The first step in this process is to calculate the train and car requirements for the 
current schedule, and then compare it to the actual operational requirements for the 
schedule to determine its calibration. Where the calculated and actual car requirements 
do not match, we can then adjust the cycle times to get the numbers to match (in this 
case, the cycle times were not changed by more than two minutes; this is mostly due 
to varying layover times during peak hours). Once calibrated, this process can then be 
applied to other alternatives, for both peak and off-peak times. The outputs of these 
calculations can then be compared to current schedules and any differences can be 
investigated. Finally, this output, if validated, can give a good idea of the overall 
operating costs of the various alternatives. 
 
Using this process allows us to calculate two metrics for both peak and off-peak 
service: cars in service and trains in service. At peak hour, cars in service is a proxy for 
rolling stock capital cost, power, and wear; at off-peak it is mostly concerned with the 
marginal operating costs. Trains per hour is a proxy for the number of trains in service 
at any given time, and therefore for the cost for operators, which is not dependent on 
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the number of cars. Figures 7-5 and 7-6 show the train requirements for the CTA at 
peak and off-peak, Figures 7-7 and 7-8 show the car requirements. 
 

 
Figure 7-5: Peak train requirements 

 

 
Figure 7-6: Off-peak train requirement 
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Figure 7-7 Peak car requirements. 

 
Figure 7-8 Base car requirements. 

  
Train lengths are maintained as they are today. In some cases, trains could 
conceivably be shortened based on demand. In Alternatives 1, 2 and 5, more-frequent 
off-peak service is provided between the Loop and Howard, allowing the use of four- 
or six-car trains instead of eight. In Alternative 3, more frequent service in the off-peak 
is provided between UIC-Halsted and O’Hare during the midday, allowing the use of 
four-car trains instead of eight. These calculations do not take into account operator 
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deadheading, which is a relatively small cost, but one which should be accounted for in 
final scheduling, especially if there are different means to deal with extra service 
needed on the north side (currently provided by “Ravensway” trains). It also does not 
take into account the costs of cutting and adding cars to trains when changing set 
lengths. 
 
The proposed train and car projections show the impact of each of the scenarios: 
 
Alternatives 1 and 2 require about the same number of cars as current operations at 
peak hours. At off-peak times, they require more trains, but by providing more frequent 
service on the north side, the service could be run with fewer cars.  
 
Alternative 3 requires more cars during peak operations, since trains on the Douglas 
Branch (now the Pink Line) which are today run with 4-car trains will instead be run 
with 8-car trains. However, at off-peak times, more frequent service on the trunk of the 
route allows the operation of shorter 4-car trains, potentially reducing the number of 
cars required. 
 
Alternative 4 requires more cars at peak times, since portions of two lines will move to 
using longer sets. The Lake ‘L’ Green Line would be interlined with what is now the 
Brown Line, requiring 8-car trains where six are run today, while the Douglas Branch 
would be interlined with the South Main Green Line, requiring 6-car trains where four 
are run today. 
 
Alternative 5 requires significantly more off-peak operation by providing additional 
service on the South Main line as well as increasing frequencies on other lines.  
 
Alternative 6 has some additional off-peak service, but it is less pronounced than 
Alternative 5. 
 

7.3   Yard and Deadhead Operating Impacts 
 
In addition to the changes in operations based on travel and layover times, different 
alternatives will change the utilization of the CTA’s yards and affect where operators 
start and end their trips. The CTA currently has spare yard capacity, with room to store 
1788 cars, while there are only 1492 cars on the current roster, and the capacity 
number does not include tracks at the Skokie Shops, where trains are sent for major 
maintenance. In addition, the Red and Blue lines require that several trains are 
operated overnight, so there are always at least 50 cars in operation, meaning that 
there are at least 300 open slots of storage in CTA facilities. 
 
The capacity of the CTA’s yards, however, are not evenly distributed across the 
system. There are three particular yard constraints based on the current CTA 
operations:  
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• Kimball Yard does not have enough capacity to serve the Brown Line, requiring 
several trains to run north from Midway every morning to provide enough 
capacity on the Brown Line (and in particular, on the Ravenswood Connector) 
and, in the afternoon, frequent Purple Line trains to provide the same capacity 
between the Loop and Belmont.  

• The Red Line operates out of yards at 95th on the south end of the line and 
Howard on the north end. Based on the current schedule, approximately 15 
trains make a single peak trip south in the morning from Howard, layover at 95th 
during the day, and make a single trip north in the evening. While there is 
enough capacity in the 95th yard to store these trains (there are 20 train sets on 
the line during the midday), staff to operate these trains must deadhead 
between terminals in the morning and afternoon to run these peak-direction 
trains. 

• The Blue Line, as conceived in the 1950s, was mostly separate from the rest of 
the CTA system, with only a single non-revenue track on the Paulina Connector 
(today’s Pink Line between Polk and Ashland) allowing trains to access the rest 
of the system for maintenance. It was designed to be run with two branches on 
the southern end feeding into a trunk on the north end, with approximately even 
yard capacities on either end. On the south end, the 54th (100 cars) and Des 
Plaines (122 cars) yards have about the same capacity as the 260-car Rosemont 
Yard on the north end. However, with the Pink Line split off, the line is 
unbalanced, which requires frequent short-turns and operator deadheading to 
run service. (The Blue and Pink lines are still combined as an operating district, 
and Blue Line trains sometimes draw from the Pink Line’s pool.) 

 
Several of the alternatives would change the use of the current CTA yard structure. In 
the case of Kimball Yard on the Brown Line, the potential to interline the Brown Line 
with other service can spread the storage needs for the Brown Line to other parts of 
the system, reducing the need to run “Ravensway” service or, in the long run, to 
undertake a costly expansion of Kimball Yard. Running a more balanced service on the 
Red Line by interlining the southern portion would reduce the need to have operators 
deadhead between terminals. Reintroducing the pre-2006 Blue Line service for the 
Douglas and Forest Park branches would allow for the full utilization of the 54th and 
Des Plaines yards, eliminating short-turn and deadhead procedures.  
 
While this research does not quantify these changes in terms of cost or operational 
benefit to the CTA, it roughly assigns a qualitative benefit for these types of changes 
which can be incorporated into the overall operational decision for each alternative. For 
each alternative where yard operations will be changed, a value representing the 
perceived improvement will be assigned. This is based on a combination of yard 
capacity (for lines like the Brown Line which currently operate from an over-capacity 
yard) and yard balance, for lines like the Red Line, which requires significant 
deadheading, and the Blue Line, where the Rosemont Yard at one end of the line is 
significantly larger than the Des Plaines Yard.  
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Chapter 8    Evaluation and Implementation 
 
The analysis of passenger impacts and operations reveal several metrics which are 
important to consider in order to come up with a set of recommendations. Most of the 
research results in quantitative metrics which can be compared, but in some cases, a 
more qualitative metric is proposed. Once compiled, these metrics can be normalized, 
weighted appropriately, and scored. Most of the metrics discussed here were defined 
and discussed in the previous chapters. This chapter will discuss the process for 
aggregating and interpreting these metrics for the purpose of alternative evaluation and 
decision-making, and then discuss some potential implementation strategies. 
 

8.1   Proposed Evaluation Metrics 
 
Several metrics were calculated and considered for evaluation. A short description will 
be given for why each was considered, whether it was carried over to the final 
evaluation process, and how high of a weight it was assigned in this process. 
 

8.1.1   Quantitative Metrics 
 
Most of the metrics considered will be quantitative measurements: impacts to 
passengers and operations which can be quantified using the data analyzed. For each 
metric, the value for current operations will be set to zero, with each alternative’s 
benefits to customers or operations rated as positives, while negative impacts would 
be scaled negatively. For each metric, the raw numbers were fit to a -5 to 0-to +5 scale 
(most metrics were entirely positive or negative, but for those with both positive and 
negative values, the highest absolute value was used to establish the scaling. In other 
words, for example, if the raw numbers for a metric ranged from -30 to 50, the scaled 
metric would range from -3 to 5, with the current operation kept as 0. In most cases, 
these will be developed and presented on a linear scale; but one metric was developed 
using a logarithmic scale. (It should be noted that for that metric, the current value is 
near 0 but not exactly 0, since a logarithmic will never reach precisely 0.) 
 
Net Passenger Impact. This is the main analysis for passenger impact, combining 
positive and negative impacts for passenger travel time hours, and is a primary focus 
of this research. As such, it will be evaluated and given a high weight. 
 
Positive Impact and Negative Impact. Positive and negative impact are the two 
components of net passenger impact, as noted above. Since the alternatives were 
selected because they have net passenger benefits, positive impact is quite well-
correlated with net impact, so was not carried forward. Negative impact, on the other 
hand, is generally overshadowed in the net calculation by the positive impact. It is 
important to include, because a goal of the project should be to minimize negative 
impacts to passengers. This was given a medium weight. 
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Operating Costs. As discussed in Chapter 7, this research looked at both train and 
car hours, at both the peak and off-peak. Because labor is the driving force behind the 
cost of transit operations, train-hours, rather than car hours (or car miles) are used. The 
final proposed evaluation metric takes the total passenger hour benefit and compares 
it to additional operating hours, as hours of passenger benefit per hour of additional 
train operation. This was given a medium weight. 
 
Loop congestion. Loop congestion is calculated using a non-linear scale, using a 
logistic function ranging from 21 to 35 with a midpoint of 28, based on the highest 
single observation of throughput on the Loop (i.e., the busiest 30-minute period). This 
means that the current high state of Loop congestion, with 35 trains per hour, is 
assigned a value of nearly 0 (in this case, 0.19). Reductions to Loop congestion are 
assigned higher values, but the returns diminish below 27 trains per hour, since there 
was little observed variation in train delays in the empirical data for these levels of 
throughput. The distribution used for Loop congestion is shown in Figure 8-1. Given 
that Loop congestion is a primary focus of this report, this was given a high weight. 
 

 
Figure 8-1: Evaluation values assigned to trains per hour on the busiest Loop track. 

 
Estimated Induced Demand. While not a primary focus of this research, the estimated 
induced demand (i.e., new rides attracted to the system) is an important factor in the 
evaluation of these alternatives. It is included with a medium weight. 
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8.1.2   Qualitative Metrics 

 
Additional consideration was given to the impact of changes to the CTA’s routing 
structure which were difficult to measure quantitatively. For instance, an alternative 
may provide for better overall yard operations, but it is difficult to assign a particular 
value to how the route structure affects yard operations. When these changes were 
considered, they were assigned a value on the same 0 to 5 scale as the quantitative 
metrics.  
 
Yard operations. In each of the analyzed alternatives, there would be beneficial 
changes in the structure of the CTA’s yards as described in section 7.3. Thus, positive 
scores were assigned to each alternative, based on the level of improvement for 
operations. This was included in the final analysis, and given a low weight. 
 
Loop ADA changes. The current structure of the Loop allows every train to serve 
Clark/Lake station, which provides the only accessible path of travel between the Loop 
‘L’ and the Dearborn (Blue Line) Subway. Any change which resulted in trains not 
serving Clark/Lake would require passengers to make an extra transfer to make this 
connection, which would especially affect passengers with mobility needs. Some of the 
analyzed alternatives allow this change to the elevated routing system by requiring 
different numbers of passengers to make a “same platform” transfer to travel to or 
from Clark/Lake station, and this metric penalizes those alternatives accordingly. It is 
included in the final analysis, and given a low weight. 
 
Congestion outside Loop. Some consideration was given to how changes to the 
routing structure would affect congestion outside of the Loop. There are two particular 
areas where different routings would affect congestion elsewhere in the system. The 
first is at Howard, where through-running service would reduce congestion, which 
currently occurs during rush hour. The second potential bottleneck is the potential that 
service from the State Subway to the Midway branch would cause congestion where it 
interacts with the South Main elevated tracks. In both of these cases, the potential for 
minor impacts (the first probably quite positive and the latter possibly minimally 
negative) are apparent, but neither is included in the final evaluation. 
 
Loop access choice. For passengers who travel to the Loop today, some are able to 
choose between trains to access either the Inner or Outer loop (for instance, a 
passenger boarding at Morgan can take either a Green Line train to access the 
Lake/Wabash side of the Loop or a Pink Line train to access the Wells/Van Buren side, 
and at rush hour, a passenger from Merchandise Mart can make a similar choice). 
While a metric could measure whether more or fewer passengers had this choice, 
these changes are already accounted for in travel time metrics and it is not included in 
final evaluation. 
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The ability to add additional service serving the Loop. Each of the analyzed 
alternatives allows additional service to be added to the Loop, whether in the Subway 
or on the Loop ‘L’, in the longer term. Reducing bunching and improving reliability 
improves overall service; because this is included in other metrics, it was not included 
in the final evaluation. 
 

8.1.3   Binary metrics 
 
A third category of metrics are those which either do or do not apply to an alternative. 
If included, these would either be assigned a value of 0 (no change), 5 (a positive 
change) or -5 (a negative change). These changes would then be given a weight to 
match their relative importance. 
 
Equitable, policy headways. As discussed in section 5.1.2, the ability to provide 12 
minute headways on the southern branches of the Green Line is provided by 
Alternatives 5 and 6. While this is an important service to provide, and would bring the 
rail system into better compliance with CTA service policies, this metric would serve 
only to quantify the impact of changes to the Green Line branches. The south branches 
of the Green Line serve neighborhoods with high environmental justice populations, 
although certainly not the only such neighborhoods served by the CTA (EPA). 
Improvements in this service are already accounted for quantitatively in both travel 
time benefits and estimated induced demand. As such, while it is still important to 
note, it was not included in the final evaluation matrix, nonetheless, there is the 
potential to significantly improve equity.  
 
Alternatives 5 and 6 address equitable headways on these lines; other alternatives 
could conceivably be modified to do so but have not been in this research. Other 
improvements to departure intervals are measured by passenger waiting time. While 
there are cases where intervals are improved, they maintain service within the “walk 
up” service levels passengers anticipate when using a heavy rail system. Since the 
South Main branches serve one of Chicago’s most economically disadvantaged 
neighborhoods, bringing policy headways to the South Side fills the needs of the 
population there, allowing a direct, rapid and frequent service to the Loop and beyond. 
 
Evanston platform length. Some of the alternatives would require that eight-car trains 
be run on the Purple Line in Evanston, where not all platforms are currently able to 
accommodate this train length. It may be possible to accommodate longer trains by 
either extending platforms or isolating some cars of trains when they operate on this 
line. While this should be a consideration for implementation, it was not included in the 
final decision evaluation. 
 
Compatibility with Red-Purple Modernization Phase I. Any analyzed alternative 
must be compatible with the implementation of the Red-Purple Modernization Phase I, 
which is currently in development. All are, and thus this criterion was not included in 
the final evaluation. 
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8.2   Decision Matrix 

 
The decision variables carried forward to the final evaluation are as follows: 
 

• High weight: 
o Net passenger impact 
o Loop congestion impact 

• Medium weight: 
o Negative passenger impact 
o Operating cost (as hours of passenger benefit per hour of additional train 

operation) 
o Estimated induced demand 

• Low weight: 
o Yard operations 
o Loop ADA changes 

 
With three levels of weighting, a value was assigned to each of 1, 2 or 3. This allows 
the development of a table from the raw inputs (for quantitative elements) and 
qualitative values. These values are based on the judgement of analysts and policy 
makers, and can be applied and modified as desired with evaluation scores 
recalculated as appropriate. Figures 8-2 to 8-4 show how the raw data are transformed 
into a normalized scale for a fair comparison of each alternative. 
 

 
Figure 8-2: Raw data input. For qualitative data, a 0 to 5 score is estimated. 
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Figure 8-3: The raw quantitative data converted to a 0 to 5 score. 

 
Figure 8-4: Converted data are weighted, the scores are totaled, and then these are 
transformed to a 0-to-5 scale. 

 
8.3   Evaluation 

 
Based on the decision matrix, the alternatives fall into three groups by their total score. 
At the top of the ranking are Alternatives 2 and 5. These two alternatives have the 
highest passenger benefit and high Loop congestion benefit; Alternative 5 has 
approximately half again as much impact, both positive and negative, as Alternative 2. 
While they have relatively high levels of negative passenger impact, these are 
counterbalanced by other factors, and in both cases, the magnitude of the positive 
impact is more than six times as large as the negative impact. 
 
The main benefit to Alternative 2, compared with Alternative 5, is that it is considerably 
less complicated to implement, since it requires changing only a few of the lines. 
However, it does not provide service from the Wells Street side of the Loop directly to 
the Ravenswood Connector, which impacts ridership during the evening commute, 
although it may be possible to implement bidirectional routing of the Brown Line on the 
Loop at peak hours in order to facilitate this movement, running some Brown Line 
trains on the Inner Loop to replicate current Purple Line service. Alternative 5 is also a 
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natural outgrowth of Alternative 2, so that any implementation of Alternative 2, if 
successful, could be subsequently expanded to Alternative 5. 
 
Thus, Alternative 5 is an outgrowth of Alternative 2, which is itself a variation of 
Alternative 1. While Alternative 1 has relatively modest impacts to passenger behavior, 
it requires changing only one line, interlining the Orange Line with the Red Line from 
Roosevelt north. This level of service change may be particularly well-suited to a 
shorter-term pilot implementation, much like the Pink Line trial in 2006, which will be 
discussed in more detail in Section 8.4. Alternative 6 ranks similarly to Alternative 1, 
but would require a level of change similar to Alternative 5, with less overall benefit. 
 
All of the alternatives in this thesis provide some benefit to CTA passengers and Loop 
congestion, but alternatives 3 and 4 provide significantly less than the others. 
Alternative 4 is a relatively modest change, and the main element of its 
implementation—routing the Brown Line around the Loop and west along Lake 
Street—was included in Alternative 5. Alternative 3 does benefit railroad operation, but 
the Pink Line connection to the West Loop has proven quite popular over the past 
decade, and rerouting it to the Dearborn Subway, despite an overall benefit, would also 
result in the largest negative impact of any scenario. There are scenarios in which 
Alternative 3 could be implemented in concert with other alternatives: if rail traffic 
continues to grow, moving the Pink Line off of the Loop to a pre-2006 configuration 
would allow additional service to be run on the Loop, but to the detriment of current 
West Loop ridership. 
 

8.4   Implementation 
 
Given these results, it is important to think about implementation and potential phasing 
of the recommended alternative(s). In particular, some of the alternatives can be 
reasonably sequenced to build off of each other. Alternative 2 is a variant of Alternative 
1, and alternative 5 a variant of alternative 2. It would be conceivable that an iterative 
process could be set up where Alternative 1 was piloted and, based on the results of 
that pilot (both for actual ridership and measured Loop congestion), the pilot could be 
either extended in place, or expanded to include elements of Alternative 2 or 5. (As 
noted in Section 5.3.2, the 2006 change which created the Pink Line was originally run 
as a 180-day pilot.) 
 
Consideration must also be given to how each alternative will interact with the Red-
Purple Modernization project. RPM provides both opportunities and constraints for the 
implementation of any alternative. The opportunity is to use the temporary routing 
changes brought by RPM to test additional routing changes: since the system will 
already be in flux, it will likely be operationally easier to layer on additional changes. 
The constraints reflect the narrowing of the North Side Main Line to two tracks during 
much of the project, especially during the later phases when the Red Purple Bypass 
flyover is built north of the Belmont station.  
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During RPM, service between Howard and Belmont will be restricted to two tracks 
across much of the North Side Main Line. According to current plans, a Red/Purple 
service similar to what is run today will be run on the line, with Red and Purple line 
trains sharing tracks and stations on the two-track section. While some delays are 
inevitable where the lines merge, station closures during construction should minimize 
overall delays, and during the latter phases of the project, when the two-track segment 
is longest, it will be on new track with new signals which should allow 27 trains per 
hour to run with minimal delays. 
 
While operating the current service pattern will be possible, it may lead to additional 
congestion on this portion of the line. A Purple Line train, for example, will have to 
navigate the interlocking at Howard, then merge into the two-track segment south of 
Thorndale, travel on the same tracks as the Red Line to Belmont, and then merge on to 
the outer tracks to join the Brown Line for the rest trip to the Loop. At peak hour, the 
Purple Line will spend the entirety of the route south of Thorndale on tracks with at 
least 27 trains per hour, yet on two separate main lines, plus the Loop. Thus, any 
operational issue on one portion of these tracks will cascade to the rest of the line. 
Finally, this will not benefit congestion in the Loop, as these Purple Line trains will still 
travel around the congested Inner Loop. For Purple Line passengers, the one-seat ride 
from Evanston to the Loop will lose most of the benefit of the express trip (which 
currently operates in 12 minutes from Howard to Belmont, versus 23 minutes for local 
Red Line service) on the northern section of the line, while still taking the slower route 
to the Loop via the Ravenswood connector.  
 
The opportunity exists to implement a portion of the recommended Loop congestion 
strategy during RPM, while at the same time testing it in the context of a construction 
mitigation strategy. Routing the Purple Line into the State Subway, a feature of 
alternatives 2, 5 and 6, will reduce train traffic and congestion on the Loop. In addition, 
it will allow Clark Junction to be operated without any merging or diverging 
movements: the Brown Line would operate from the outer tracks and over the flyover, 
while Red and Purple line service would operate on the inner tracks into the subway, 
reducing conflicting movements and the potential for delay at Barry Interlocking south 
of Belmont. 
 
The main issue with operating Alternative 2—interlining the Orange and Purple lines—is 
the loss of a connection, and of some capacity, between the Ravenswood Connector 
and the Inner Loop. This could be mitigated in several ways. The first would be instead 
use Alternative 5, providing alternating trains to each side of the Loop. A second would 
be to maximize the throughput on the Brown Line, or look into turning some trains at 
the Western Center Track, although this would require signaling upgrades to be used 
efficiently to turn trains.  
 
In the medium term, the ability to add service on the Brown Line should be addressed. 
Currently, the rate-limiting factor for adding service on the Brown Line is Clark 
Junction, where Brown Line tracks cross the Purple and Red lines. But a secondary 
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factor is the capacity at the Kimball terminus, and it will be the primary factor once the 
“Red-Purple Bypass” phase of the Red-Purple Modernization project is complete and 
Brown Line trains no longer have to cross the Red Line at-grade. While Kimball Station 
itself has three tracks, a 90-degree curve just south of the station and complex 
interlocking limit the line to 21 trains per hour, which the line currently runs for a portion 
of the morning peak. Trains in the morning do not have to cross over the Red Line 
tracks, so more frequent trains can be run inbound than can cross Clark Junction.  
 
This requires more trains than can be stored at the Kimball Yard (necessitating the 
“Ravensway” operation from Midway to bring trains out to the end of the Brown Line to 
provide this peak service. It also requires frequent crossings of the residential streets 
bisected by the at-grade portion of the Brown Line. The CTA is studying rebuilding the 
Kimball Yard, which will be a capital-intensive project the need for which may be 
mitigated by route changes, or by building a turn-back facility on the L somewhere 
along the Brown Line for some peak-hour trips (much as several Blue Line trips are 
short-turned at UIC-Halsted and Jefferson Park during peak hours, providing the 
necessary service on the core portion of the line while not overloading outlying portions 
and terminals).  
 
There is an existing center track just east of the Western Brown Line station, although 
the use of it would require signal and power upgrades, and it may make sense to 
relocate this facility west of Western (where the through tracks descend to grade). For 
Alternatives 5 and 6, which have multiple services running on the Ravenswood Line 
(what is today served by the Brown Line), one could continue on the Brown Line to the 
Kimball Yard, while the other could use the middle track to turn, allowing more 
throughput than the Kimball Yard allows. In Alternatives 5 and 6, both of the lines 
leading south from Kimball would operate through to a yard facility, so the service on 
the Ravenswood Line would be split between multiple yards, rather than having to rely 
solely on Kimball with supplemental service from other yards.   
 
A third option during the RPM project would be to use some of the in-service but 
unused track between Belmont and Wilson to turn and store trains which would then 
be used to provide a peak-hour service between the Inner Loop and the Ravenswood 
Connector, although this portion of track would require an awkward procedure to move 
trains from track 4 to track 1 north of Addison, since the current interlocking structure 
does not allow this movement without fouling a main line track three times. 
 
Despite these considerations, RPM should provide an opportunity to try a different 
service pattern and measure the effect of these changes on the Loop. These new 
routes could be modeled and then additional modifications could be tested further, 
with model calibration taking place based on actual, on-the-ground data. In addition, 
changes to passenger behavior data could be tracked based on origin-destination 
studies: if a route were moved from the Loop ‘L’ to a subway line, a clearer picture of 
passengers’ walking preferences could validate the ridership survey on which this 
research is based.   
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The 2006 implementation of the Pink Line can be used as a case study for 
implementing changes to reduce congestion on the Loop ‘L’. What is now the Pink 
Line was modernized in 2004. At the same time, the Paulina Connector, which had had 
a single, non-revenue track to connect the Blue Line to the rest of the system (mostly 
so trains could be moved to the Skokie Shops for heavy maintenance), was rebuilt. 
Plans to connect the Pink Line to the Loop were floated two years prior to 
implementation (Hilkevitch, 2004). The change was initially made as a 180-day pilot 
project in 2006, and the changes were downplayed by CTA staff; the new line was not 
even given a new color designation until after the initial trial (CTA Tattler).  
 
While praise was not universal, by the fall of 2006, agency interviews established that 
the majority of users were satisfied with the service (Kyles, 2006). In addition to in-
person interviews, changes made to the system in 2019 would benefit from improved 
tracking measures attached to fare media and the ability to survey customers by 
various other media. The pilot project also allows the agency to test changes without 
incurring all of the one-time costs associated with a project, such as station signage or 
long-term changes to operating bases for crews. In addition to the eventual success of 
the Pink Line, it provides a template for developing pilot projects to implement the 
changes described in this thesis. 
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Chapter 9    Conclusion 
 
Since 1993, Chicago’s population, which had dropped by nearly one quarter since its 
peak in the 1950s, has stabilized, and in recent years the number of jobs and residents 
in the transit-accessible core has grown appreciably. While the rail portion of the transit 
system has seen a significant increase in ridership, the routing has not changed since 
the mid-1990s, during which time there have been significant changes to the ridership 
patterns. This has led to unbalanced service and crowding levels, with demand for 
some tracks in the Loop that are three times higher than others. This demand has led 
to congestion issues, with regular delays of up to 6 to 7 minutes during peak periods. 
Modifying the system’s route structure will allow the CTA to address this congestion 
while at the same time creating a net benefit for passengers on the system, and 
improving reliability of the trains operating on the Loop. 
 

9.1   Conclusion 
 
This research has proposed six alternatives, which have varying degrees of impact to 
the route structure, current passengers and rail operations. These could be 
implemented as stand-alone pilots or permanent projects, and specific metrics could 
be established to measure effectiveness at both minimizing journey times for 
passengers and improving congestion conditions on the Loop ‘L’, described as 
follows: 
 
Alternative 1 would result in a small impact to the system’s structure and have a 
medium benefit for passengers and congestion. 
 
Alternative 2 would result in a moderate impact to the system’s structure and have a 
medium-large benefit for passengers and congestion. 
 
Alternative 3 would result in a small impact to the system’s structure and have a small 
benefit for passengers and congestion. 
 
Alternative 4 would result in a moderate impact to the system’s structure and have a 
small benefit for passengers and congestion. 
 
Alternative 5 would result in a large impact to the system’s structure and have the 
largest benefit for passengers of any alternative as well as a large benefit for mitigating 
and congestion, and addresses policy headways on the south side. 
 
Alternative 6 would result in a large impact to the system’s structure and have a 
medium-large benefit for passengers and congestion, and addresses policy headways 
on the south side. 
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Regarding Loop Congestion, all alternatives provide a benefit compared with the status 
quo. This research would suggest that alternatives 1, 2 and 5 would be most beneficial 
for the system overall, given the scope of changes which would be required. This 
group is also fully internally compatible: Alternative 5 is a logical outflow of Alternative 
2, and Alternative 2 can be a second phase after implementing Alternative 1. This 
research would suggest that any of these alternatives would reduce Loop congestion 
to some degree while having a net benefit for the passengers of the CTA’s system, 
allowing it to better adapt to current travel, population and development patterns. 
 
This leads to the question: is it worth significantly more disruption to the route structure 
for the incremental improvement in travel times? Alternative 5, whether implemented all 
at once or as an iterative process incorporating parts of Alternatives 1 and 2, would be 
the most beneficial, overall, for the traveling public. By combining portions of several 
alternatives, it provides a tangible benefit for every line which sees a change, and 
would serve to reduce congestion and potentially make some new origin-destination 
pairs more competitive for transit. Only by implementing all of Alternative 5 will CTA 
provide equitable access to the Loop by providing better frequency from the South 
Side while also attracting the most new induced ridership. 
 

9.2   Next Steps 
 
This research presents a plan for increasing throughput in the most congestion portion 
of the CTA rail system without a major capital outlay. These will require agency work to 
address sundry topics regarding work rules, signage, and exact scheduling. Depending 
on growth rates patterns in the City of Chicago and parallel changes to travel habits, 
roadway congestion and mobility, these changes may not be enough to absorb growth 
in the long term as the demand for rail transit grows. Eventually, if economic growth 
continues, trains will become more crowded and more vehicles will need to be 
purchased and deployed. Train frequency will increase, and service quality may begin 
to suffer from congestion. 
 
It is essential for the CTA to continue to consider more ways to increase rail throughput 
in the future. Introduction of Communication Based Train Control (CBTC) may be able 
to increase frequency beyond 27 trains per hour without compromising passenger 
quality, especially in the State and Dearborn subways which have relatively new 
infrastructure and fewer conflicting train movements. The cost and complexity of 
implementing CBTC and the necessary additional rolling stock is significant, but the 
potential to improve operating safety and throughput is such that even if some 
additional capacity can be gained through routing changes, CBTC is still an important 
step in the long-term growth of the urban rail system. In the long run, more intensive 
capital improvements such as major reconstruction of key stations, or new lines such 
as the long-discussed Circle Line and Clinton Street subway (Freemark, 2009) should 
be considered as next steps. Given the lead time for these types of construction 
projects, this should take place while exhausting the relatively cost effective option of 
train rerouting which is the focus of this thesis. 
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Once decisions are made as to which train rerouting plan should be adopted, careful 
observation of performance, and development of train simulation models would be 
useful to support decisions about further upgrades, and possible conversion to CBTC, 
and major new line construction. But we believe that this research strongly supports 
the hypothesis that rerouting of trains is the best near term, cost effective action to 
improve quality, and achieve some capacity expansion of the rail system, to support 
continued urban economic expansion. 
 
Among many of those to use the phrase “you never want a serious crisis to go to 
waste” is the outgoing mayor of Chicago (Emanuel, 2008). Transit operations are in a 
constant state of crisis: a recent report gave America’s transit systems a D-, the lowest 
grade of any category in the report, and the lowest grade transit has received (ASCE, 
2017). While the CTA is not currently facing any particular crisis (in fact, its 
infrastructure has improved significantly since nearly one quarter of the system 
required slow zones little more than a decade ago), changes to portions of the route 
structure will be necessary during upcoming construction projects. This provides a 
challenge for the agency, and its riders, but also an opportunity. With continuing 
growth in the core, this research lays out the potential for the CTA to improve service 
for the traveling public without breaking the bank. 
 
The mitigation and marketing of the selected action needs to be a major area of focus 
for successful implementation. Based on the analysis in this thesis, Alternative 5 is the 
best choice to advance. However, this analysis includes the assumption that some 
modest mitigation actions will occur. Moreover, if it is implemented, it is essential that 
these actions occur in timely fashion. Alternative 5 has by far the most positive 
attributes, but it requires changing routing which has been routing for more than 25 
years. Thus, it is essential to embark on a major communication plan with customers to 
explain the benefits of the change and to respond to customer feedback. Alternative 5 
has strong merit, but its success will be only as good as its implementation delivers it 
to the traveling public. 
 

9.3   Further Research 
 
Beyond implementation, this research has several tracks for potential further study 
based on this research. The CTA’s 2017 rider survey (from which the origin-destination 
data was used in this thesis) began some of these inquiries, and touched on some of 
the new alternatives that passengers have to taking transit. This section suggests 
several options for further study which will help the CTA—and transit agencies in 
general—plan route changes based on customer needs and desires, and choose which 
changes will have the greatest benefit. 
 
Much of the literature on passenger waiting times is relatively outdated and not 
geographically pertinent to the Chicago case study, so a Chicago-specific example of 
passenger perceptions of wait time may be quite useful, especially since Chicago has 



	 110	

significant variation in the types of stations (subway, elevated, surface, and those in 
highway medians) which might affect waiting time, as well as variations in the 
amenities available at bus stations across the system. Fan, Guthrie and Levinson 
(2016) use the Twin Cities as a case study of perceived versus actual waiting times for 
transit, based on amenities available (such as real time information or even the 
presence of a shelter). Levy (2019) sums up the research succinctly: if a bus stop has 
more than 2.5 riders per day, there is an economic argument to be made to build a 
shelter, so that passengers perceive wait times as being shorter additional ridership 
can be attracted to the service. Compared with the Twin Cities, Chicago has a broader 
transportation system and more diverse riding public, and compared with many cities, 
it has various weather extremes: snow, heat, rain and cold. A study of how these 
elements affect transit ridership will help transit agencies invest in policies which 
improve the customer experience. 
 
This sort of research would also be able to better determine demand elasticities based 
on travel time and new competition from subsidized ride-hailing services, and to better 
measure how demand will be attracted or repelled based on changes to transit service. 
For better or worse, transit now competes against both driving alone and ride hailing. 
Driving alone incurs driver time costs and parking, while ride hailing has a higher per-
mile cost but absolves the driver of finding expensive and often-scarce parking in the 
Loop. While, as Pushkarev and Zupan note, neither car mode can bring nearly the 
number of people to a dense urban core as transit can, a few passengers lured off 
trains and into congestion is a lose-lose situation: it reduces revenues for the transit 
agency on the rail network, while further congesting roadways and reducing the utility 
of buses.  
 
Ride hailing services are quite new, and data is still relatively hard to come by. The City 
of Chicago recently released data through CMAP, and while these data were not made 
available in time for use in this study, current ride hailing ridership origin-destination 
information (even at the coarse, aggregate scale in which it was made available) would 
pair well with elasticity information to allow an agency to focus investments in transit to 
better compete with trips more easily made by a ride-hailing service. For instance, ride-
hailing data may show strong desire lines on lines which could be interlined through 
the Loop (as is proposed in several alternatives, specifically Alternatives 4, 5 and 6) but 
where such a trip requires a transfer today.  
 
The urban transportation ecosystem is in a constant state of change. New, disruptive 
technologies rise on what seems like a daily basis, and some are far more “disruptive” 
than others. Yet the mostly-at-least-century-old Chicago ‘L’ rapid transit system 
remains the most efficient means to move people in and out of the core of the city. As 
the city, and the transit ridership and mobility patterns within it continue to change, the 
CTA can take informed steps to make sure that its infrastructure can be used as 
efficiently as possible. The aim of this thesis, and potential further research, is to 
provide some of this information. 
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Appendices 
 

Appendix A: History of subway construction and operation in the United States 
 

• Boston may offer the best example of a transit system which has increased 
capacity with larger cars and longer platforms. The city’s first subway tunnel 
was built for—and still operates today, as the Green Line—streetcars. When it 
was first operated, most of these cars were single-truck vehicles which were 25 
feet long. By the 1920s, most cars in the subway were 45-feet long, and often 
operated in two- to three-car trains. Today’s trains operate with 75-foot-long 
vehicles in two-car trains, so each train has six times the capacity of the original 
tunnel, and the agency is considering buying 100-foot-long cars as future rolling 
stock, resulting in trains 33% larger than today. Boston has three other heavy 
rail rapid transit lines, and as each was built, it was built for successively larger 
equipment. The East Boston Tunnel, which is now the Blue Line was once 
operated with streetcars, and thus operates a car size similar to the IRT in New 
York or the ‘L’ in Chicago. The Main Line El, now the Orange Line, built only a 
few years later, was built to accommodate cars 15 feet longer than the Blue 
Line. The Cambridge-Dorchester Subway, today’s Red Line, was built just three 
years later, and operates not only longer cars but also wider cars, so that each 
Red Line car is 57% larger than each Blue Line car. Subway systems in New 
York and Philadelphia based their car designs on these larger vehicles. 
 
The MBTA system was only built for four-car trains, which were run on all lines 
until the 1980s. When the network was expanded and, in some cases, rerouted 
in the 1970s and 1980s, additional improvements were undertaken to expand 
platforms to allow six car trains, on the Orange Line in 1987 and the Red Line in 
1988 (Belcher, 2019). This allowed the MBTA to increase the capacity of its 
rapid transit system by 50% by only modifying the older stations (some of which 
had already been upgraded). The Blue Line was not modified to allow six-car 
trains until 2008. 

• In New York, the first subway, the Interboro Rapid Transit company (the IRT), 
was built for five-car trains with cars based on elevated cars (which themselves 
were no larger than large streetcars) and it was quickly overwhelmed. The 
Brooklyn-Manhattan Transit company (BMT) and Independent (IND) systems, 
which were built later, were built for longer trains as well as wider cars, 
increasing their capacity. The IRT, which still uses narrower cars (it is much 
easier to extend a platform than widen a tunnel) extended its subways to 10-car 
operation by 1940. While subway operations between the three companies were 
merged under a single city-owned entity in 1940, the system still runs two 
separate loading gauges, as running IRT equipment on BMT/IND lines would 
result in dangerous platform gaps, while running BMT/IND equipment on the IRT 
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would be physically impossible. 
 
IRT cars, at 450 square feet, have just 60% of the capacity of the largest 
BMT/IND cars. An eight-car train of 75-foot-long BMT/IND cars (or 10-car train 
of 60-foot cars) has nearly three times the capacity of a five-car train of IRT cars. 
The IRT was built in 1904, and plans were immediately made to provide higher 
capacity service on new lines. The much-higher capacity BMT line in Manhattan 
was in operation within 13 years. 

• Much of Chicago’s system was built for eight-car trains, although certain 
portions of the system are still restricted to 6-car trains. The subways, which 
were built later than those in other cities, were able to benefit from the lessons 
learned elsewhere, and all stations are built for at least eight cars. Recent 
changes to the system have allowed longer trains as well. When Chicago’s 
Brown Line was rebuilt in the early 2000s, platforms were extended to allow 
eight-car trains, and thus allow a 33% increase in capacity. Chicago’s rolling 
stock has always been constrained by the loading gauge of the system (the 
width of platforms and curves dictating the maximum size of cars), in particular 
the tight curves on the ‘L’ and the narrow tunnels in the subways.  

• Newer rail networks in San Francisco, Washington D.C. and elsewhere generally 
use still-larger cars. BART and WMATA operate wider, 75-foot-long cars, with 8-
car consists in Washington D.C. and trains as long as 10 cars in San Francisco. 
The lessons learned by legacy rail systems has allowed these systems to have 
the highest capacities per train of any subway in the country. 
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Appendix B: Dates of public-sector operation at major legacy transit 
authorities 

 
• New York: Original public takeover of Brooklyn-Manhattan Transit (BMT) and 

Interboro Rapid Transit (IRT) transit operations (both surface and 
subway/elevated) in 1940, and it was operated by the city (which had already 
built and operated the newer Independent, or IND, division). In 1953, control 
was moved to the state Metropolitan Transit Authority, which purchased the 
assets of Commuter Railroads in the 1960s. 

• San Francisco’s Municipal Railroad has its origins in the aftermath of the 1906 
earthquake, after which publicly-owned operation of some transit routes 
commenced, although the system was fully brought under public ownership in 
1944 when the competing Market Street Railway was bought by the public 
agency. 

• Boston: The Metropolitan Transit Authority took over the assets and operations 
of the Boston Elevated Railway, which despite its name operated both surface 
and subway/elevated service, in 1947. The service area was subsequently 
expanded in 1964 to include a wider service area, and operations of the region’s 
suburban Commuter Rail system was subsidized and gradually taken over after 
this time. 

• Chicago: As described, the CTA was formed in 1947. Chicago is the only city 
with a legacy rapid transit system and legacy Commuter Rail system where the 
two are not operated by the same agency.  

• Philadelphia: SEPTA was formed in the early 1960s and took over the 
Philadelphia Public Transportation Company in 1968 (Help, Chomet). SEPTA 
took over the operation of the region’s Commuter Rail lines in the 1980s. 
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Appendix C: Historic CTA route maps 
 

 
Figure C-1: Current CTA route map.  
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Historic maps (all maps hosted by Chicago-L.org) 
 

 
Figure C-2: 1997, showing the Douglas Branch (current Pink Line) as a branch of the 

Blue Line 
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Figure C-3: 1970, showing the layout of the system from 1969 to 1992. 
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Figure C-4: 1965, showing the system during the first years of the Skokie Swift. 
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Figure C-5: 1946, showing the layout of the system immediately predating the 

formation of the CTA. At this point, the State Subway was complete, but the 
Dearborn Subway was not. 
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Figure C-6: 1938, showing the system before the construction of the State Subway. 
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Figure C-7: 1913, showing the system after most construction had taken place. 
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Figure C-8: 1898 map showing the initial track layout of the Loop ‘L’ 
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Figure C-9: Recent track map, showing the current layout of the Loop ‘L’ (other than 

the Randolph/Wabash and Madison/Wabash stations, which have been 
consolidated into the Washington/Wabash station).  
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Figure C-10: 1965 track map, showing one-way operation of the Loop and the track 

configuration of Towers 12 and 18. 
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Appendix D: Description of Loop stations 
 
Clark/Lake: Fully accessible, in-network transfer from ‘L’ lines to Dearborn Subway 
(Blue Line), built into Thompson Center/State of Illinois Building. Transfer between 
Inner and Outer loop tracks (via stairwell over tracks, or by elevator under Lake Street). 
Clark/Lake is the only in-network transfer between Blue Line and Loop ‘L’ lines. First 
stop on Loop for eastbound Green and Pink line trains, southbound Purple Line trains. 
Last stop on Loop for northbound Brown Line trains. This station was rebuilt around 
1990, when it was also connected to the Dearborn Subway station below, proving the 
only behind-fare gate link between the Loop ‘L’ and subway. 
 
State/Lake: Not accessible, out-of-network transfer to Red Line via stairs. Narrow 
platforms, no transfer between inner and outer loop tracks. 
 
Washington/Wabash: Fully accessible, opened 2017. Replaced former stations at 
Randolph and Madison (closed in 2015 and 2017). Closest station to Millennium 
Station (Metra Electric)  
 
Adams/Wabash: Not accessible. Transfer between inner and outer Loop. First stop on 
Loop for northbound Green Line trains, last stop on Loop for southbound Green and 
Orange line trains. 
 
Library (Harold Washington Library State/Van Buren): Fully accessible. Opened 1997. 
Replaced former State/Van Buren station which was closed in 1993. Transfer between 
inner and outer Loop. Earlier State/Van Buren station closed in 1973, earlier 
Dearborn/Van Buren station closed in 1949. First stop on the Loop for northbound 
Orange Line trains. Out of network transfer (by walking one block) to Red and Blue 
lines. 
 
LaSalle/Van Buren: Not accessible. No transfer between inner and outer Loop. Closest 
station to LaSalle Metra Station (Rock Island District, possible future terminal for 
Southwest Service).  
 
Quincy/Wells: Accessible, transfer between inner and outer Loop. Station is historically 
landmarked, and designed with original-period signage. 
 
Washington/Wells: Accessible, transfer between inner and outer Loop. Station opened 
in 1995, replacing stations at Randolph and Madison. Last station on Loop for Purple 
and Pink line trains, first station on Loop for Brown Line trains. 
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Appendix E: ODX Dataset 
 
There are three types of fare collection data available from rail transit systems, those 
with tap-in and tap-out information (these are common abroad, but only WMATA in 
Washington, D.C. and BART in San Francisco use this fare media in the United States), 
those which are tap-in only (which is common in the US, and is used by the CTA) and 
those which are proof-of-payment, where a passenger purchases a ticket or pass but 
does not actually interact with fare media at the station the enter or exit the system. 
The data generated by these fare systems is similarly different. A tap-in-tap-out system 
has full data about each passenger and can infer their movement through the system. 
A tap-in system, like the CTA, can capture passenger entries, but destinations must be 
inferred based on the passenger’s next interaction. A proof-of-payment system would 
have less data available.  
 
The data used in this research is based on a month’s worth of origin-destination data 
from October, 2016. October is generally a month which represents typical high 
ridership throughout the month and is less susceptible to events which can impact 
ridership, such as major holidays, vacation periods, or severe winter weather (Doi and 
Allen). October does have one minor holiday—Columbus Day—which, based on 
observed ridership and operating schedules, was treated a weekday. It also has 
several events, such as the Chicago Marathon, which increase ridership, but not at a 
rate significantly different than other periods of the year (Saint Patrick’s Day in March, 
Taste of Chicago in July, Lollapalooza in August). Somewhat unique to October, 2016 
was the North Side baseball team’s historic run to its first championship title in more 
than a century. This may actually do a good job of approximating Cubs ridership 
throughout the year: the team played 8 ballgames at Wrigley Field in October, 2016, a 
rate of one game every four days. Over the course of the year, the team played a total 
of 89 home games, at approximately the same frequency. Some of these days did see 
significantly higher-than-normal ridership, but the large victory parade—which 
accounted for the second highest system ridership in CTA history—occurred in 
November. Appendix I explores the impact of baseball games on CTA ridership. 
 
The resulting output from ODX yields two data sets. One is a matrix of all trips made 
with an origin and an inferred destination. This accounts for 80% of all trips, but does 
not give a full description of all trips made, as the inference rate for origins varies 
depending on a number of factors and can be significantly different both between 
stations and based on the time of day the data is collected. For instance, during the 
AM peak, the highest inference rates are at stations with originating commuters: 
people who have predictable trips and whose destination can be inferred based on 
their next tap. In the evening, the trend is reversed: the highest inference rates come at 
stations with high concentrations of workplaces, with similar types of trips (although 
the overall morning inference rate of 84% is higher than the afternoon rate of 80%). 
Rates at off-peak times are lower, and more varied. 
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This non-inference rate varies by station and time of day, and is especially prevalent at 
stations with many single-use riders: O’Hare and Midway have the highest such rates 
at the CTA (although at Midway, which also serves as a major bus-to-rail transfer point, 
the inference rates are significantly higher during the morning peak). These fare data 
transactions are then combined with bus and rail vehicle tracking data to assign 
passengers’ stations, vehicles, and routes as they move through the system to create 
an origin-destination-transfer (ODX) estimate which follows users through the system. 
 
The variation in the inference rates can be illustrated by data at the two stations with 
the lowest inference rates at certain times of day, which serve the city’s two airports. 
O’Hare has the lowest inference rate of any station: just 53% of trips taken from the 
airport have an inferred destination, and the rest have to be scaled off of the original 
data. This rate varies from 45% during the PM peak, when the station is busiest with 
arriving passengers, to 60%, later in the evening, when many airport shifts end and 
regular users return from the airport to their homes.  
 
Midway, however, displays different conditions. During the evening, Midway has just a 
43% inference rate, the lowest of any time period of any station in the system; this rate 
is not much higher during the midday or afternoon rush hour periods. However, during 
the morning peak, 84% of trips beginning at Midway can be inferred. In addition to 
airport traffic, Midway hosts a major bus transfer terminal, with 11 CTA bus routes and 
8 Pace Suburban bus routes feeding into the station. The inference data suggests that 
during the morning, most of the passengers using Midway are arriving by bus and 
transferring to the CTA. Later in the day, this transfer traffic is overwhelmed by more-
intermittent users (or single-ride users), which are harder to track in the system.  
 

 
Figure E-1: Inference rates for 50 busiest CTA stations, sorted by morning inference 

rate. 
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Figure E-1 shows the 50 busiest stations in the CTA rail network (accounting for 65% 
of all boardings) and is sorted by morning peak inference rate, with the lowest rate at 
the left. For simplicity, only morning peak, evening peak and total (including other times 
of day) are shown. Most of the stations on the left side of the chart are located in or 
near the Loop, and have high inference rates during the afternoon peak but low rates in 
the morning. Conversely, most of the stations shown on the right side of the chart are 
located in residential areas, and have relatively high inference rates in the morning 
(Pulaski-Orange, at 91%, is the highest in the system) but lower rates in the morning. 
The outliers are the airport. O’Hare, on the far left, has low inference rates at all times 
of day. Midway, in the middle, has a relatively high rate in the morning, but a much 
lower rate in the afternoon. 
 
Once the inferred and scaled inference data is aggregated, it provides a month’s worth 
of data for travel between each of the CTA’s 143 stations. This would create a matrix 
with more than 20,000 cells, one for each station pair in each direction. However, for 
the purpose of this analysis, we can generalize stations with similar travel 
characteristics for stations on the same line. So stations with the same travel patterns 
can be combined to provide to simplify the calculations and analyses. Instead of 
comparing 143 stations, we can generalize this to 20 segments as follows: 
 

• Skokie: Oakton and Dempster on the Yellow Line in Skokie. 
• Evanston: Purple Line stations north of Howard. 
• Howard: Howard Station, since Howard serves three lines, and there is no other 

station which serves they Red, Purple and Yellow lines. 
• Red-North: Red Line stations between Addison and Jarvis. Wilson was included 

in this, since it was, at the time, a local station although it now serves both Red 
and Purple Line trains. 

• Brown: Brown Line service on the Ravenswood Line. 
• Belmont-Fullerton: Service at Belmont and Fullerton, which is served by the 

Brown, Red and Purple lines. 
• Brown-Purple: Stations on the Ravenswood Connector served by the Brown 

and Purple Lines from Diversey to Merchandise Mart, but not including 
Fullerton. 

• Red-Near North: State Subway stations from Grand to North/Clybourn 
• O’Hare: The Blue Line northwest of the Loop, from Grand to O’Hare 
• Lake ‘L’: The Green Line from Ashland to Harlem 
• Forest Park: The Blue Line from Clinton west to Forest Park 
• Pink: The Pink Line from Polk to 54th 
• Orange: The Orange Line from Halsted to Midway 
• Dan Ryan: The Dan Ryan Line from Cermak-Chinatown to 95th 
• South Main: The Green Line from 35th-Bronzeville-IIT to Cottage Grove and 

Ashland/63rd. Given the relatively low ridership on and between the Green Line 
branches, ridership on them was not differentiated. 
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• West Loop: Stations served by the Green and Pink lines on the Lake ‘L’ 
• South Loop: Roosevelt Station, served by the Green, Orange and Red lines 
• State: State Subway stations from Harrison to Lake 
• Dearborn: Dearborn Subway stations from LaSalle to Clark/Lake 
• Loop: Stations on the Loop ‘L’. Clark/Lake entrances are assigned to each line 

(Loop or Dearborn) by ODX based on their destination.  
 
Data was also aggregated at different times of day. For the purpose of this report, no 
data between midnight and 5:00 was analyzed, since only the Red and Blue lines 
operate during that time. The rest of the day was divided into the following periods, 
based on initial station entries. This was to gauge the impact of changes in headways 
on passengers.  
 
5:00 to 6:00: Early AM 
6:00 to 10:00: Morning peak 
10:00 to 15:00: Midday 
15:00 to 19:00: PM Peak 
19:00 to 23:59: Evening 
 
These time periods were used for data analysis for weekday travel. For weekends, all 
times were grouped together, since headways do not vary significantly on weekdays. It 
should be noted that CTA intervals are quite dynamic, and that during peak periods 
they often change every few minutes. In the analysis, a weighted mean interval was 
used to analyze the impact on passengers, based on system passenger entries, 
rounded to the nearest half minute. 
 
The resulting matrix of these 20 ridership segments show the ridership patterns 
between discrete geographic segments of the network were then used to analyze 
changes to travel times based on changes to the route structure. Depending on the 
changes proposed, some origin-destination pairs would incur longer or shorter travel 
time. Since no significant changes to the underlying infrastructure are being proposed, 
there would be no changes to running times within the routes themselves, so any 
stations with the same options for passengers—those along the same portion of a 
line—would have the same travel characteristics and could be grouped together for 
these analyses. 
 
There have been some minor changes to the CTA system since 2016. In the Loop, the 
Randolph/Wabash station has been replaced by the Washington/Wabash station, 
which opened in 2017 (LaTrace, 2017). This results in a slightly different station 
location for some passengers, but should have no material effect on the ODX data. The 
station at Wilson was under reconstruction in 2016, and service patterns differed 
compared to the permanent status. During construction, both Red and Purple trains 
stopped at the station going southbound, but only Red Line trains stopped going north 
(CTA 2017b). There were also some speed restrictions in place on the line during that 
time. It is not expected that there were any major changes to passenger usage or data 
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based on this construction. The analyses in this thesis assume that all passengers at 
Wilson board Red Line trains towards the Loop (which provides the majority of rush 
hour service, and all service at other times). Since 2018, the station has provided 
service on both the Red and Purple lines.   
 
In the case of the Loop, ODX is unable to perfectly capture a passenger’s inferred 
destination based on their next origin. For passengers within a few blocks of State 
Street, there is no major change. For instance, a passenger with an origin at Belmont 
and a destination on Clark Street would be equidistant from the Brown and Red Lines, 
and may choose to take whichever train came first. Other passengers might take a 
Loop ‘L’ train in the morning and a subway train in the afternoon (or vice versa) or even 
change behavior based on whether a Cubs game would increase ridership in the 
afternoon, taking a Purple Line train which would bypass Addison. For these reasons, 
any ODX data point in the Loop was coded as either Loop ‘L’, State or Dearborn, but 
for passengers coming from the north side, there is a degree of uncertainty based 
transfer activity ODX is unable to fully capture. However, since all alternatives maintain 
the option to transfer between lines, no adjustment was made for these scenarios. 
Because of this behavior, all stations in the Loop were considered to be the same 
“region” for passenger origins and destinations in the Loop. Where walking distance 
was likely to change, the manual CTA origin-destination paper survey was used to 
estimate additional walking times. 
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Appendix F: Pink Line History 
 
When the Congress ‘L’ was relocated from an elevated structure above Congress 
Street to the median of the Eisenhower Expressway (called the Congress Expressway 
before being renamed for the president), the Douglas Branch, which used the 
Congress Branch to reach the Loop, was rerouted to the Dearborn as well via a new 
ramp from the ‘L’ to the freeway median west of Racine at Loomis Junction as a 
branch of the Blue Line. (For a time during the construction of the Congress 
Expressway, it operated via the Lake ‘L’ in its current configuration. Once opened, 
service to the Dearborn operated for nearly 50 years, with alternating trains from 
O’Hare (eventually; at first, the Northwestern ‘L’ extended only to Logan Square) 
operating to Forest Park and 54th and Cermak. (For a period from 1998 to 2005, 
austerity service cuts closed the line entirely on weekends, although the line was rebuilt 
during that time following years of deferred maintenance.)  
 
The unused track connection from the Douglas Branch to the Lake ‘L’, called the 
Paulina Connector, was retained, in order to allow the movement of cars from the Blue 
Line to the rest of the system (and the heavy maintenance base in Skokie). The 
northern portion of the Paulina Connection was abandoned and demolished, making 
the O’Hare Blue Line the only ‘L’ line which is unable access the Loop ‘L’. The Paulina 
Connector was rationalized to a single track, but rebuilt in the early 2000s as the first 
phase of a proposed Circle Line, a large project which would provide a line connecting 
‘L’ lines outside of the Loop. 
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Appendix G: Neighborhood Populations 
 
Note: an asterisk denotes a community outside of the City of Chicago served by an ‘L’ 
line and included in the totals. 
 
Brown Line: Lincoln Square, Albany Park, North Center 
 
Loop: Near South Side, Near North Side, Loop 
 
North Main: Rogers Park, Uptown, Lake View, Lincoln Park, Edgewater, Evanston*, 
Skokie*, Wilmette* 
 
O’Hare: Jefferson Park, Portage Park, Irving Park, Avondale, Logan Square, West 
Town, Norwood Park, O'Hare 
 
Orange: Garfield Ridge, Archer Heights, Brighton Park, McKinley Park, Bridgeport, 
New City, West Elsdon, Gage Park, Clearing, West Lawn 
 
South Side to 63rd: Douglas. Fuller Park, Grand Boulevard, Washington Park, 
Woodlawn, Armour Square, West Englewood, Englewood 
 
South Side, 63rd to 95th: Chatham, Roseland, Greater Grand Crossing 
 
West Side: Austin, West Garfield Park, East Garfield Park, Near West Side, North 
Lawndale, South Lawndale, Lower West Side, Cicero*, Oak Park*, Forest Park*, River 
Forest* 
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Figure G-1: Map of Chicago neighborhoods and outlying towns and their inclusion in 
population data sets. 
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Appendix H: 2017 CTA Survey Origin-Destination data 
 
For each line, these maps show all surveyed trips including at least one leg on the line, 
the passenger’s final destination, and what line the passenger used to exit the system. 
For example, on the diagram below, all trips included a segment on the Red Line. A 
solid red circle indicated that a passenger exited on the Red Line north of the Loop, a 
hollow red circle on the Red Line in the Loop, a solid blue circle indicates a transfer 
from the Red Line to the Blue Line, and a brown/purple circle a transfer to the 
Ravenswood Connector. (A map of Yellow Line riders is not included, since all Yellow 
Line riders use the Red or Purple lines to reach the Loop.) 
 
 

 
Figure H-1: Red Line. 
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Figure H-2: Brown Line. 
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Figure H-3: Orange Line 
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Figure H-4: Purple Line 
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Figure H-5: Pink Line 
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Figure H-6: Blue Line 
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Figure H-7: Green Line 
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Appendix I: Data for additional high ridership for events 
 
Ridership on transit systems can be affected by special events, but for a system the 
size of the CTA, it generally only accounts for a small portion of overall ridership. 
During the regular season, each of Chicago’s two baseball teams, the Cubs and White 
Sox, plays 81 games. In 2016, the Cubs won the World Series, playing an additional 
eight games at Wrigley Field, and each team hosted additional events at its home 
ballpark. Like many older baseball fields, both Wrigley Field and Comiskey Park were 
built where land was available in the early 1900s in neighborhoods several miles from 
the Loop11. Neither team has relocated, although the White Sox now play in a new 
ballpark—today called Guaranteed Rate Field—adjacent to the former Comiskey. Both 
ballparks were served by the ‘L’ when built, the Cubs by the adjacent Addison station 
and the White Sox by the 35th Station on the South Main ‘L’ (now 35th-Bronzeville-IIT). 
While Wrigley is still in a predominantly-residential neighborhood, with the construction 
of the Dan Ryan Expressway in the 1960s, there is significantly less housing adjacent 
to the White Sox’s ballpark (and more parking), and it is now served by both the Red 
and Green lines, with the Red Line’s station (Sox-35th) somewhat closer. 
 
With the Cubs and White Sox’s schedule, most days between April and October have 
an event taking place at one ballpark, or both. The ridership at these ballparks can 
affect overall estimates of ‘L’ ridership, but it is only a modest effect overall. The effect 
of a ballgame can be estimated by querying ridership at each of the affected stations 
after 3:30 p.m., since ballgames begin at 1:05 or later and typically last 3 hours. This 
can be used to establish a non-game baseline and then estimate the number of riders 
on game days departing each station, doubling the number to estimate the increased 
number of riders on the CTA.  
 

                                                
11	This	was	by	no	means	an	aberration:	most	baseball	stadiums	were	built	on	the	edge	of	the	
city	in	the	early	1900s	on	land	adjacent	to	rapid	transit	or	streetcar	lines.	Today,	all	but	four	
teams	who	played	in	those	stadiums	have	relocated,	either	to	other	cities	or	other	parts	of	the	
city,	often	building	suburban	or	downtown	stadiums	or,	in	some	cases,	moving	from	the	edge	
of	the	city,	to	a	suburban	stadium,	and	then	downtown.	The	only	teams	still	playing	in	or	
adjacent	to	their	early-1900s	homes	are	the	Cubs	and	White	Sox	in	Chicago,	the	Boston	Red	Sox	
and	the	New	York	Yankees.	
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Figure I-1. Ridership at stations adjacent to Chicago’s baseball parks. 
 
In the case of Addison, there are typically between 1500 and 2000 riders boarding 
each day after 3:30, and on game days, between 6500 and 9000, which would 
estimate roughly 6000 passengers riding to the ballpark, or 12,000 additional CTA rides 
on a game day, which accounts for about 2% of CTA rail ridership. Ridership at Sox-
35th is similar, although the White Sox, with easier highway access, cheaper parking, 
and lower attendance, see only 2500 additional boardings on game days (and a few 
hundred additional at the nearby Green Line station).  
 
There are some notable outliers: the highest day of ridership at Sox-35th was on 
September 24, when local musician Chance the Rapper played a sold-out concert at 
the ballpark (Caramanica, 2016). During the baseball playoffs, ridership increased as 
fans flocked to the area around Wrigley Field, with 16,000 boardings after 3:30 p.m. on 
October 29th. Still, while these types events can cause crowding on certain portions of 
the system, they account for a relatively small portion of overall ridership. 
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